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Sent to State Epidemiologists, Deputy State Epidemiologists, CLUE, Infectious Disease Points of
Contact, and the CSTE Executive Board
 
Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information 
CSTE COVID-19 Position Statement – State Epi Letter  [Attachment, Link]

Yesterday, August 25, CSTE shared a letter (attached) with State and Territorial
Epidemiologists providing implementation information for the new 2021 COVID-19
case definition in the National Notifiable Diseases Surveillance System (NNDSS). For
cases identified beginning September 1, 2021, jurisdictions should use the case
definition approved by the Council on June 17, 2021 in 21-ID-01 (linked here).
Jurisdictions should not retroactively change the classification of cases reported prior
to September 1, 2021.
If you have any questions related to this letter, please send them to
positionstatements@cste.org and we will triage them with CDC.

Webinar Series: CDC Awardee COVID-19 Vaccine Response Planning  [Link]
CDC hosts a weekly webinar series every Wednesday at 3:30 pm ET to provide key on-
the-ground stakeholders with the latest information on COVID-19 vaccine planning and
distribution. These calls are an opportunity for a focused discussion on vaccine logistics
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and other critical planning information. Call information is available below:
Weblink: https://cdc.zoomgov.com/j/1617032262?
pwd=cG4zdWhzT2c5WWhRTzB5d2dnVzRFQT09

Web Passcode
One-Tap Mobile: 

Telephone: 

Meeting ID: 
Phone Passcode: 

IVAC/WHO Vaccine Effectiveness Weekly Literature Review [Attachment, Link]
John Hopkins University’s International Vaccine Access Center (IVAC), in collaboration
with the World Health Organization (WHO), have released an updated COVID-19
Vaccine Effectiveness (VE) literature review as of August 19 (attached and linked here).
Note a section has been added to highlight duration of protection data that is not
calculating a VE estimate, but can inform the duration of protection of COVID-19
vaccines.

Resource: CDC ELC School Testing Toolkit [Link]
CDC has developed a COVID-19 School Testing Toolkit (linked here) featuring a suite of
free resources including flyers, posters and social media content highlighting the
benefits of COVID-19 testing programs in schools. The toolkit also includes
customizable letters and FAQs for teachers, parents, and guardians that address
frequently asked questions about school COVID-19 testing programs.
If you have questions or have suggestions for additional toolkit materials, please
contact CDC’s School Support Section at eocevent335@cdc.gov.

CDC Health Alert Network (HAN) 449: Rapid Increase in Ivermectin Prescriptions and Reports
of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat
COVID-19 [Attachment, Link]

This CDC HAN Update (attached and linked here) was issued today, August 26, 2021. It
summarizes known information about the increased use of Ivermectin, a medication
used to treat certain infections caused by internal and external parasites, during the
COVID-19 pandemic. Adverse effects associated with Ivermectin misuse and overdose
are increasing, as shown by a rise in calls to poison control centers reporting overdoses
and more people experiencing adverse effects.

CSTE Webinar: “Back to School” [Link]
The CSTE Public Health Law Subcommittee will host a webinar tomorrow, Friday,
August 27, at 2:00 pm EDT. This call will be an open discussion on the issue of back-to-
school, quarantine and other school-related legal issues, including whether schools can
require quarantine of infected students.
Questions may be sent to Sunbal Virk at publichealthlaw@cste.org to have them asked
anonymously. Call information is below:

Weblink: 

Web Passcode: 
Telephone: 
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Meeting ID: 

 
 

Standing Updates
CDC Partner Updates – August 25 [Attachment]

Please see attached for the latest updates from CDC’s State, Tribal, Local, and
Territorial (STLT) Task Force.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
link.

Request Form for CSTE COVID-19 Call Topics [Link]
CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
preparedness.cste.org
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 Subject: EIS Prematch Office Hours
 Location: Virtual

 Start: Tue 10/5/2021 1:00 PM
 End: Tue 10/5/2021 2:00 PM

 Show Time As: Tentative

 Recurrence: (none)

 Meeting Status: Not yet responded

 Organizer: Thoroughman, Douglas  (CHFS DPH)
 Required Attendees: Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS 

DPH DEHP); 
Cavanaugh, Alyson (CHFS DPH DEHP)

Hello, Alyson, Kathleen and Kevin,

We have scheduled our EIS Prematch Office Hours block for 1:00 – 2:00 on Tuesday, 
October 5th.  Dr. 
Winter has graciously provided her Zoom Link so that we can call in and this will 
be provided to the EIS 
Class of 2022 candidates. The session will be for them to learn more about the 
assignment and to ask 
questions.  

Candidates may come in at the beginning or any time during the session.  We are 
supposed to record 
the session and then provide a link to the EIS program so that those who want to 
learn about us but 
didn’t attend can view the recording.  I think we should be prepared to talk about 
our EIS slot here in 
Kentucky so that if no one shows up we can fill the time so that others can learn 
about us (thought that 
will probably come across as lame to others viewing if no one shows up!). In that 
case, I would suggest 
that we do introductions first, and then go around and each of us talk about what 
projects we have 
available, our state, whatever comes to mind that we want to talk about to entice 
EISO candidates to 
consider Kentucky as their top option.

I have attached the position descriptions that we put together – I could only 
submit one, but put both 
Kathleen and Kevin as secondary supervisors.  We will hold the other one for the 
actual match, but 
projects and supervision for either can be fluid in my mind.

Look forward to seeing you at the session (and if you can access a camera, that 
would be good, so that 
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the candidates can actually see us each).  ??

Doug

Topic: EIS Prematch
Time: Oct 5, 2021 01:00 PM Eastern Time (US and Canada)

Join from PC, Mac, Linux, iOS or Android: 
[redacted]

Or Telephone:

    One tap mobile:
    [redacted]

    Dial:
    [redacted]
    Conference code: [redacted]
    
Find local AT&T Numbers: 
[redacted]

Kathleen Winter, PhD, MPH
State Epidemiologist
Director, Division of Epidemiology and Health Planning
Kentucky Department for Public Health
275 East Main Street
Frankfort, KY  40621
Desk: 502‐564‐3418 ext. 4310
Cell: 502‐892‐9895
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Subject:        CDC All-State, Tribal, Local, and Territorial (STLT) Update Call  
Location:       Zoom Webinar 

Start:  Mon 8/16/2021 2:00 PM
End:    Mon 8/16/2021 2:45 PM
Show Time As:   Tentative

Recurrence:     (none)

Meeting Status: Not yet responded

Organizer:      CDC IMS 2019 NCOV Response STLT Partner Engagement

  **CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT 
Service Desk ServiceCorrespondence@ky.gov for any assistance.
 
 
Call Purpose: CDC’s 2019 Novel Coronavirus (COVID-19) response team will continue to host a national 
call series every Monday from 2:00 p.m. to 2:45 p.m. EST to provide state, tribal, local, and 
territorial (STLT) partners with the latest information on the COVID-19 outbreak and U.S. preparedness 
efforts.  
 
Invited call participants include STLT preparedness directors, epidemiologists, health officials, public 
health laboratory directors, and nongovernmental partners.  
 
CDC will continue to share the agendas and call notes weekly.  
 
Participant Information: The CDC All-STLT Update Call will now be held as a Zoom webinar and requires 
a one-time registration. After registering, you will receive a unique participant link via email. Please note 
that your unique participant link will be the same for all calls in the series, through December 2021; 
you do not need to register for each individual call. Click here to register for the call series. The link 
can also be found here:  
   
Please do not share your participant link. After registering, the link you receive is unique to you and 
should not be shared. If you would like to invite a colleague to this call series, please request 
they email eocevent424@cdc.gov.  
 
Add the link to your calendar as a reoccurring weekly event: To add this link to your calendar, select 
the “Add to Calendar” link within the email you receive. This will download the .ics file. Open the file and 
save the event to your calendar. Please ensure that you set this invitation to reoccur weekly. 
 
All-STLT Update Call Dates 2021  
The All-STLT Update Call will be on Mondays from 2 to 2:45 PM EST except for the dates below where 
the call will be held on a Tuesday.  
* Tuesday, June 1 (Memorial Day May 31)  
* Tuesday, July 6 (Independence Day July 5)  
* Tuesday, September 7 (Labor Day September 6)  
* Tuesday, October 12 (Columbus Day October 11) 
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Subject: FW: CSTE COVID-19 Response | Digest for Aug. 26 (CSTE Position Statement, CDC Webinar Series, CDC ELC
School Testing Toolkit, CSTE PH Law Webinar, and more)

Date: Friday, December 10, 2021 10:51:18 AM
Attachments: image001.png

image002.png
Jajosky_2021_State_Epi_Letter_New_2021_COVID-
19_Case_Definition_for_NNDSS_WebSite_Cleared_08242021.pdf
COVID19 Vaccine Effectiveness Transmission Impact Studies - Summary Tables_20210819.pdf
COVID-19 Partner Updates August 25 2021.msg
CDC Health Alert Network (HAN) Health Advisory Rapid Increase in Ivermectin Prescriptions and Reports of
Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat COVID-19.msg

IR#0588 - KT DPH - Production_000007






 


    P a g e  1 | 1 


 


Date:  August 24, 2021 


To:  U.S. State and Territorial Epidemiologists 


From:   Ruth Jajosky, D.M.D., M.P.H.; Surveillance and Data Branch; Division of Health 
Informatics and Surveillance; Center for Surveillance, Epidemiology, and Laboratory 
Services; Office of Public Health Scientific Services; Centers for Disease Control and 
Prevention (CDC) 


Subject:  Implementation of the new 2021 COVID-19 case definition in the National Notifiable 
Diseases Surveillance System starting September 1, 2021 


On June 17, 2021, the Council of State and Territorial Epidemiologists (CSTE) approved position 
statement 21-ID-01 titled “Update to the standardized surveillance case definition and national 
notification for 2019 novel coronavirus disease (COVID-19).” For cases identified beginning September 
1, 2021, jurisdictions should use the case definition approved on June 17, 2021, in position statement 
21-ID-01.  Jurisdictions should not retroactively change the classification of cases reported prior to 
September 1, 2021. 


CDC has posted the new 2021 COVID-19 case definition to the National Notifiable Diseases Surveillance 
System (NNDSS) website. The new 2021 COVID-19 case definition: 


• updates clinical criteria indicative of infection; 
• refines and expands laboratory criteria to include genomic sequencing;  
• updates epidemiologic linkage criteria and the definition of close contact; 
• acknowledges testing performed in non-traditional settings such as work sites, temporary 


testing sites, and homes;   
• specifies criteria for enumerating new cases in persons previously classified as a probable or 


confirmed case (i.e., reinfections); and 
• clarifies that a case meeting clinical criteria and epidemiologic linkage with no confirmatory or 


presumptive laboratory evidence for SARS-CoV-2 is classified as probable.  
 


The 2021 COVID-19 case definition replaces the previous interim 2020 COVID-19 case definition 
described in CSTE position statement Interim-20-ID-02, which was approved on August 5, 2020. Current 
and historical COVID-19 case definitions are available on the NNDSS website. 


As a reminder, the event code for COVID-19 is 11065 and is listed in the 2021 NNDSS event code list. 
COVID-19 continues to be designated immediately nationally notifiable. When CDC begins publishing 
COVID-19 data in the NNDSS tables, CDC will include case counts for confirmed and probable cases. 


As always, thank you for your dedication to surveillance and to prevention and control efforts, especially 
during the COVID-19 pandemic. 



https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021/

https://ndc.services.cdc.gov/conditions/coronavirus-disease-2019-covid-19/

https://ndc.services.cdc.gov/wp-content/uploads/2021/02/National_Notifiable_Diseases_Surveillance_System_Event_Code_List_2021_v1_2021JAN05.xlsx






     


 
 


Results of COVID-19 Vaccine Effectiveness 
Studies: An Ongoing Systematic Review 
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For comments or questions, please contact: Anurima Baidya at abaidya1@jhmi.edu or  
Karoline Walter at kwalte21@jhmi.edu. 
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 1. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness# 


(Detailed methods available on VIEW-hub Resources page:  https://view-hub.org/resources) 


# 


Reference 
(date) Country Design Population 


Dominant 
Variants 


History 
of COVID 


Vaccine 
Product 


Outcome 
Measure 


1st Dose VE  
% (95%CI) 


Days post 
1st dose± 


2nd Dose VE  
% (95% CI) 


Days post 
2nd dose 


Max 
Duration of 
follow up 
after fully 
vaccinated 


79 Tenforde et al 
(August 18, 
2021) 


USA Case control  1,194 cases and 
1,895 controls  


Alpha and 
Delta^ 
(March-July) 


Unknown BNT162b2 
or mRNA-
1273 


Hospitalization, all –– –– 86(82-88) 14+ 
 


~24 weeks 


Hospitalization, 
Non-immuno- 
compromised 


90(87-92) 


Hospitalization, 
Immuno-
compromised  


63(44-76) 


Alpha^ 
(March-May) 


Hospitalization, all  87(83-90) 


Delta^  
(June-July) 


Hospitalization, all  84(79-89) 


78 Chin et al 
(August 18, 
2021) 


USA Retrospective 
cohort 


60,707 


incarcerated 


people in 


California 


prisons 


Non-VOC^ Excluded BNT162b2 
or mRNA-
1273 


Documented 
infection, all 


74 (64-82) 14+ 97 (88-99) 14+ ~5 weeks 


Documented 
infection, cohort 
at moderate/high 
risk for severe 
COVID-19 


74 (62-82) 92 (74-98) 


mRNA-
1273 


Documented 
infection, all 


71 (58-80) 96 (67-99) 


77 Nanduri et al 
(August 
18,2021) 
 


USA Retrospective 
cohort 


10,428,783 


residents of 


skilled nursing 


facilities 


Non-VOC 


and Alphaⴕⴕ 


(Pre-Delta 
circulation) ^ 


Unknown BNT162b2 Documented 
infection 


–– –– 74.2 (69–78.7) 14+ ~16 weeks 


mRNA-
1273 


74.7(66.2-81.1) 
 


Alphaⴕⴕ 


(Delta 
circulating 
but not 
dominant) ^ 


BNT162b2 Documented 
infection 


66.5 (58.3-73.1) ~22 weeks 


mRNA-
1273 


70.4 (60.1-78.0) 


Delta^ 
 


BNT162b2 Documented 
infection 


52.4 (48–56.4) ~28 weeks 


mRNA-
1273 


50.6 (45–55.7) 


#76 Tang et al 
(August 11, 
2021) 


Qatar Test-negative 
case control  


2,175 cases 
with confirmed 
Delta infection 
and matched 


Delta^ Included BNT162b2 Documented 
infection 


65.5 (40.9-79.9) 14+ 
 


59.6 (50.7-66.9) 14+ ~25 weeks 


mRNA-
1273 


79.7 (60.8-89.5) 86.1 (78.0-91.3) 



https://view-hub.org/resources

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w

https://doi.org/10.1101/2021.08.16.21262149

http://dx.doi.org/10.15585/mmwr.mm7034e3

https://www.medrxiv.org/content/10.1101/2021.08.11.21261885v1
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controls (aged 
12+) 


BNT162b2 Severe, critical, or 
fatal disease 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated) 


97.3 (84.4-99.5) 


mRNA-
1273 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


BNT162b2 Symptomatic 
COVID-19 


76.3 (46.7-90.7) 56.1 (41.4-67.2) 


mRNA-
1273 


85.7 (62.7-95.7) 85.8 (70.6-93.9) 


BNT162b2 Asymptomatic 
COVID-19 


25.2 (0.0-78.7) 35.9 (11.1-53.9) 


mRNA-
1273 


57.4 (0.0-92.9) 80.2 (54.2-92.6) 


75 Chemaitelly et 
al (August 9, 
2021) 


Qatar Retrospective 
cohort 


782 kidney 
transplant 
recipients 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


–– –– 46.6 (0.0-73.7) 14+ ~17 weeks 


66.0 (21.3-85.3) 42+ 


73.9 (33-89.9) 56+ 


Severe infection  72.3 (0.0-90.9) 14+ 


85.0 (35.7-96.5) 42+ 


83.8 (31.3-96.2) 56+ 


74 Puranik et al  
(August 9, 
2021) 


USA Retrospective 
cohort 


77,607 adults  Alpha and 
Delta ^ 


Excluded BNT162b2 Documented 
infection  


16 (-20-42) 1-7 76 (69-81) 14+ ~ 26 weeks  


Hospitalization  75 (-30-97.4) 85 (73-93) 


ICU admission  100 (-430-100) 87 (46-98.6) 


mRNA-
1273 


Documented 
infection  


-10 (-50-24) 86 (81-90.6) 


Hospitalization  25 (-150-79) 91.6 (81-97) 


ICU admission  100 (-430-100) 93.3 (57-99.8) 


73 de Gier et al* 
(August 5, 
2021) 


Netherlands Retrospective 
cohort 


184,672 
household and 
other close 
contacts (aged 
18+) of 113,582 
index cases 
(aged 18+)  


Alpha^ Unknown AZD1222 Documented 
infection among 
household 
contacts (adj. for 
vaccination status 
of index case) 


2 (-11-14) 14+ 87 (77-93) 7+ ~15 weeks 


BNT162b2 -18 (-43-2) 65 (60-70) 


mRNA-
1273 


33 (-27-64) 91 (79-97) 


Ad26.COV2
.S 


12 (-71-54) ––  


72 Lefèvre et al 
(July 31,2021) 


France Retrospective 
cohort 


378 LTCF 
residents 


Beta^ Included BNT162b2 Documented 
infection 


55(13-76) 14+ up to 6 
days after 
2nd dose 


49(14-69) 7+ ~16 weeks 


Hospitalization 
and death  


86(32-97) 86(67-94) 


71 Alali et al  
(July 29,2021) 


Kuwait Retrospective 
cohort 


3,246 HCWs  Alpha^ Excluded BNT162b2 Documented 
infection 


91.4(65.1-97.9) 14+ 94.5(89.4-97.2) 7+ ~18 weeks  


AZD1222 Documented 
infection 


75.4(67.2-81.6) 28+ –– 



https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.06.21261707v2.full.pdf

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.28.21261285v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.07.25.21261083v1.full.pdf
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70 Gram et al 
(July 28, 2021) 


Denmark Retrospective 
cohort 


5,542,079 
adults  


Alpha^ Excluded Heterologo
us: 
AZD1222 
(1st dose) 
BNT162b2 
or mRNA-
1273(2nd 
dose) 


Documented 
infection 


31 (14-44) 77-83 88 (83-92) 14+ ~7.5 weeks 


Hospitalization 93 (80-98) 14+ not calculated 
due to no 
events in 
vaccinated 
group 


 


69 Amirthalingam 
et al  
(July 28,2021) 


UK Test-negative 
case control 


69,545 cases 
and 229,662 
test negative 
controls aged 
50+ 


Alpha^ Excluded  BNT162b2 Documented 
infection,  
80 y+ 


42 (31-52) 28+ 77 (56-88) 14+,  
dose interval 
19-29 days 


~16 weeks 


90 (83-94) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


53 (48-58) 77 (66-85) 14+,  
dose interval 
19-29 days 


89 (86-92) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
50-64y 


51 (47-55)   
88 (67-96) 


14+,  
dose interval 
19-29 days 


92 (91-94) 14+,  
dose interval 
65-84 days 


AZD1222 Documented 
infection,  
80 y+ 


42 (29-53) 
––  


82 (68-89) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


52 (46-56) 73 (25-90) 14+,  
dose interval 
30-44 days 


74 (69-79) 14+, 
dose interval 
65-84 days:  


Documented 
infection,  
50-64 y 
 
 


42 (39-46) 55 (34-69) 14+,  
dose interval 
30-44 days 


77 (74-79) 14+,  
dose interval 
65-84 days 


68 Kissling et al 
(July 22,2021) 


UK, France, 
Ireland, 
Netherlands, 
Portugal, 


Test-negative  592 cases and 
4,372 controls 
aged 65+ 


Alpha^ Excluded BNT162b2 Symptomatic 
COVID-19 


61(39-75) 14+ 87(74-93) 14+ ~16 weeks  



https://www.medrxiv.org/content/10.1101/2021.07.26.21261130v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.29.2100670
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Scotland, 
Spain, 
Sweden  


AZD1222 Symptomatic 
COVID-19 


68(39-83) —   


67# Carazo et al 
(July 22, 2021) 


Canada Test-negative 
case control 


5316 cases and 
53,160 test 
negative 
controls among 
HCWs 


Non-VOC 
and Alpha^ 


Excluded BNT162b2  Documented 
infection 


70.3 (68.1-72.4) 14+ 85.5 (80.4-89.3) 7+ ~20 weeks 


Symptomatic 
COVID-19 


72.8 (70.5-74.9) 92.2 (87.8-95.1) 


mRNA-
1273 


Documented 
infection 


68.7 (59.5-75.9) 14+  84.1 (34.9-96.1) 7+ 


Symptomatic 
COVID-19 


80.9 (74.3-85.8) —   


BNT162b2 
and mRNA-
1273 


Hospitalization 97.2 (92.3-99.0) 14+  —   7+ 


Alpha^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


60.0 (53.6-65.5) 14+  92.6 (87.1-95.8) 7+ 


Non-VOC^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


77.0 (72.6-80.7) 86.5 (56.8-95.8) 


66 Hitchings et al 
(July 22, 2021) 


Brazil Test-negative 
case control 


30,680 
matched pairs 
of adults aged 
60+ in Sao 
Paolo, Brazil 


Gamma^ Included 
(except in 
previous 
90 days) 


AZD1222 Symptomatic 
COVID-19 


33.4 (26.4-39.7) 28+  77.9 (69.2-84.2) 14+ ~9.5 weeks 


Hospitalization 55.1 (46.6-62.2) 87.6 (78.2-92.9) 


Death 61.8 (48.9-71.4) 93.6 (81.9-97.7) 


65 Kim et al  
(July 22, 2021) 


USA Test-negative 
case control 


812 US adults 
aged 16+ with 
COVID-19-like 
illness 


Non-VOC 


and Alphaⴕⴕ 


Unknown BNT162b2 
and mRNA-
1273 


Symptomatic 
COVID-19 


75 (55-87) 14+ up to 
14 days 
post 2nd 
dose 


91 (83-95) 14+ ~18.5 weeks 


64# Lopez Bernal et 
al* 
(July 21, 2021) 


UK Test-negative 
case control 


19,109 cases 
and 171,834 
test negative 
controls aged 
16+ 


Alpha^ 
 


Excluded BNT162b2 Symptomatic 
COVID-19 


47.5 (41.6–
52.8) 


21+  
 


93.7 (91.6–
95.3) 


14+ ~17 weeks 


AZD1222 Symptomatic 
COVID-19 


48.7 (45.2–
51.9) 


74.5 (68.4–
79.4) 


Delta^ 
 
 


BNT162b2 Symptomatic 
COVID-19 


35.6 (22.7–
46.4) 


88.0 (85.3–
90.1) 
 


AZD1222 Symptomatic 
COVID-19 


30.0 (24.3–
35.3) 


67.0 (61.3–
71.8) 


63 Butt et al* (July 
20, 2021) 


USA Test-negative 
case control 


54,360 
propensity-
matched pairs 
of veterans 


 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


85.0 (84.2-85.8) 0+  97.1 (96.6-97.5) 7+ ~6.5 weeks 


BNT162b2 Documented 
infection 


84.0 (82.7-85.1) 96.2 (95.5-96.9) 


mRNA-
1273 


Documented 
infection 


85.7 (84.6-86.8) 98.2 (97.5-98.6) 



https://www.medrxiv.org/content/10.1101/2021.07.19.21260445v1?__cf_chl_jschl_tk__=pmd_bcdb434047269247f3db715ba22d9e0f12ca97c5-1627444884-0-gqNtZGzNAfijcnBszQeO

https://www.medrxiv.org/content/10.1101/2021.07.19.21260802v1.full-text

https://www.medrxiv.org/content/10.1101/2021.07.20.21260647v1

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://pubmed.ncbi.nlm.nih.gov/34280332/
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62 Layan, Maylis 
et al 
(July 16,2021) 


Israel  Prospective 
cohort  


687 household 
contacts (HHCs) 
of 215 index 
cases from 210 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Documented 
infection among 
HHCs vaccinated 
and not isolated 
(relative to HHCs 
not vaccinated 
and not isolated) 


—   —   81 (60-93) 7+ ~12 weeks 


61 Balicer et al 
(July 12,2021) 


Israel  Prospective 
Cohort  


21722 pregnant 
women  


Original and 
Alpha^ 


Excluded BNT162b2  
 
 


Documented 
infection 


67 (40-84) 14-20 96 (89-100) 7-56 ~18 weeks  


71 (33-94) 21-27‡ 


Symptomatic 
COVID-19 


66 (32-86) 14-20 97 (91-100) 


76 (30-100) 21-27‡ 


Hospitalization —   —   89 (43-100) 


60 Butt et al  
(June 22,2021) 


Qatar Test-negative 
case control 


1255 pregnant 
women 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


40.3 (0.0-80.4) 14+ 67.7 (30.5-86.9) 14+ ~17 weeks  


59 Prunas et al 
(July 16, 2021) 


Israel Retrospective 
cohort 


253,564 Israeli 
individuals 
from 65,264 
households 
with at least 1 
infected 
individual and 
at least 2 
members 


Original and 
Alpha¶  


Unknown  BNT162b2 Documented 
infection among 
household 
contacts 


—   —   80.5 (78.9-82.1) 10+ ~8.5 weeks 


58 Whitaker et al 
(July 9,2021) 


UK Prospective 
cohort  


5,642,687 
patients 
reporting to 
718 English 
general 
practices  


Original and 


Alpha 


Included BNT162b2 Symptomatic 
COVID-19  


48.6 (27.9-63.3) 28-90‡ 93.3 (85.8-96.8) 14+ ~20 weeks  


AZD1222 50.2 (40.8-58.2) 78.0 (69.7-84.0) 


57 John et al  
(July 13,2021) 


USA Retrospective 
cohort  


40,074 patients 
with cirrhosis 
within Veterans 
Health 
Administration, 
propensity 
matched 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


64.8 (10.9-86.1) 28+ 
(including 
some with 
dose 2) 


78.6 (25.5-93.8) 7+ ~10 weeks  


Hospitalization 100.0 (99.3-
100.0) 


100.0 (99-100) 


COVID-19 related 
death  


100.0 (99.3-
100.0) 


100.0 (99-100) 


56 Bertollini et al  
(July 13, 2021) 


Qatar  Prospective 
cohort  


10,092 
matched pairs 
of Qatari adults 
arriving at an 
international 
airport.  


Original, 
Alpha and 


Beta^ 


Included BNT162b2 
and mRNA-
1273 


Documented 
infection  


—    78 (72-83) 14+ ~4 weeks  


55 Goldshtein et al 
(July 12,2021) 


Israel  Retrospective 
cohort   


15060 pregnant 
Israeli women 


Original and 
Alpha¶ 


Excluded  BNT162b2 Documented 
infection 


54 (33-69) 11-27, 
including 
some with 
dose 2 


  —  ~5 weeks 



https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://assets.researchsquare.com/files/rs-665725/v1/e8e87f01-5671-4543-8c79-240d4677a984.pdf?c=1626107519

https://www.researchsquare.com/article/rs-622782/v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://khub.net/documents/135939561/430986542/RCGP+VE+riskgroups+paper.pdf/a6b54cd9-419d-9b63-e2bf-5dc796f5a91f

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2782121

https://jamanetwork.com/journals/jama/fullarticle/2781112

https://jamanetwork.com/journals/jama/fullarticle/2782047
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78 (57-89) 28+, 
includes 
some with 
dose 2 


54# Chemaitelly et 
al* (July 9, 
2021) 


Qatar Test-negative 
case-control 


25,034 
matched pairs 
of adults 


Alpha^ Unknown mRNA-
1273 
 


Documented 
infection 


88.2 (83.8-91.4) 14+ days, 
prior to 2nd 
dose 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated 
persons) 


14+ 13 weeks 


52,442 
matched pairs 
of adults 


Beta^ Unknown mRNA-
1273 
 


Documented 
infection 


68.2(64.3-71.7) 96.0 (90.9-98.2) 


4,497 matched 
pairs of adults  


Alpha and 
Beta^ 


Unknown mRNA-
1273 
 


Severe, critical or 
fatal disease 


83.7(74.1-89.7) 89.5 (18.8-98.7) 


Symptomatic 
infection 


66.0(60.6-70.7) 98.6 (92.0-
100.0) 


Asymptomatic 
infection 


47.3(37.6-55.5) 92.5 (84.8-96.9) 


Retrospective 
cohort 


2520 
vaccinated and 
73,853 
unvaccinated, 
antibody-
negative 
controls 


Alpha^ Excluded mRNA-
1273 


Documented 
infection 


—    100.0 (82.5-
100.) 


14+ 13 weeks 


Beta^ Excluded mRNA-
1273 


Documented 
infection 


—    87.8 (73.4-95.5) 


Variants of 
unknown 
status  


Excluded mRNA-
1273 


Documented 
infection 


—    93.5 (76.6-99.2) 


53# Tenforde et al  
(August 6, 
2021) 
[Update to July 
8 preprint] 


USA Test-negative 
case-control 


1212 
hospitalized 
adults from 18 
hospitals 


Original and 
Alpha^ 
 


Included BNT162b2/ 
mRNA-
1273 


Hospitalization  75.4(60.4-84.7) 14+ up to 
14 days 
post 2nd 
dose 


86.6 (79.0-91.4) 14+ ~2 weeks  


BNT162b2 —    84.7 (74.1-91.0) 


mRNA-
1273 


—    88.9 (78.7-94.) 


Alpha^ Included BNT162b2/ 
mRNA-
1273 


—    92.1 (82.3-96.5) 


52 Jara et al  
(July 7,2021) 


Chile Prospective 
cohort  


10,187,720 
adults  
 


Alpha and 
Gamma^ 


Excluded CoronaVac Documented 
infection 


15.5 (14.2-16.8) 14+ days 65.9 (65.2-66.6) 14+ 8 weeks  


Hospitalization 37.4 (34.9-39.9) 87.5 (86.7-88.2) 


ICU admission  44.7 (40.8-48.3) 90.3 (89.1-91.4) 


Death  45.7 (40.9-50.2) 86.3 (84.5-87.9) 


51# Nasreen et al 
(July 16, 2021) 


Canada  Test-negative 
Case Control  


421073 
community 
dwelling 
individuals  


Non-VOC  Unknown  BNT162b2 Symptomatic 
infection 


61 (54, 68) 14+ days 93 (88, 96) 7+ 18 weeks  


Hospitalization or 
death 


68 (54,78) 96 (82, 99) 



https://www.nature.com/articles/s41591-021-01446-y

https://www.nature.com/articles/s41591-021-01446-y

https://doi.org/10.1093/cid/ciab687

https://www.nejm.org/doi/10.1056/NEJMoa2107715

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2
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[Update to July 
3, 2021 
preprint] 


mRNA-
1273 


Symptomatic 
infection 


54 (28, 70)  


 


89 (65, 96)  


 


Hospitalization or 
death 


57 (28, 75)  


 


96 (70, 99)  


 


AZD1222 Symptomatic 
infection 


67 (38, 82)  


 


—   


Alpha^ Unknown BNT162b2 Symptomatic 
infection 


66 (64, 68)  


 


89 (86, 91)  


 


Hospitalization or 
death 


80 (78, 82)  


 


95 (92, 97)  


 


mRNA-
1273 


Symptomatic 
infection 


83 (80, 86)  


 


92 (86, 96) 


Hospitalization or 
death 


79 (74, 83) 94 (89, 97) 


AZD1222 Symptomatic 
infection 


64 (60, 68) —   


Hospitalization or 
death 


85 (81, 88) —   


Beta/Gamm
a^ 


Unknown BNT162b2 Symptomatic 
infection 


60 (52,67) 84 (69, 92) 


Hospitalization or 
death 


77 (69, 83) 95 (81, 99) 


mRNA-
1273 


Symptomatic 
infection 


77 (63, 86) —   


Hospitalization or 
death 


89 (73, 95) —   


AZD1222 Symptomatic 
infection 


48 (28, 63) —   


Hospitalization or 
death 


83 (66, 92) —   


Delta^ Unknown BNT162b2 Symptomatic 
infection 


56 (45, 64) 87 (64, 95) 


Hospitalization or 
death 


78 (65, 86) —   


mRNA-
1273 


Symptomatic 
infection 


72 (57, 82) —   


Hospitalization or 
death 


96 (72, 99) —   
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AZD1222 Symptomatic 
infection 


67 (44, 80) —   


Hospitalization or 
death 


88 (60, 96) —   


50 Baum et al 
(June 28,2021) 
 


Finland  Prospective 
cohort  


Two study 
cohorts: 
901,092 Finnish 
elderly aged 70 
years and 
774,526 
chronically ill 
aged 16-69 
years  


Original and 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273  
(elderly 
cohort) 


Documented 
infection  


45 (36-53) 21+ days  75 (65-82) 7+ 16 weeks  


Hospitalization  63 (49-74) 93 (70-98) 


BNT162b2 
& mRNA-
1273 
(Chronically 
ill cohort) 


Documented 
infection 


40 (26-51) 77 (65-85) 


Hospitalization 82 (56-93) 90 (29-99) 


AZD1222 
(chronically 
ill cohort) 


Documented 
infection  


42 (32-50) —   


Hospitalization  62 (42-75) —   


49 Saciuk et al 
(June 27, 2021) 


Israel Retrospective 
cohort 


1.6 million 
members of 
Maccabi 
HealthCare 
HMO ≥16 


Original and 
Alpha¶ 


Excluded BNT162b2 Documented 
infection 


—    93.0 (92.6-93.4) 7+ 14 weeks 


Hospitalization —    93.4 (91.9-94.7) 7+ 


Death —    91.1 (86.5-94.1) 7+ 


48 Pawlowski et 
al.* (Jun 17, 
2021) 
[Update to Feb. 
18, 2021 
preprint] 


USA – Mayo 
Clinic 


Retrospective 
Cohort 
 


68,266  – 


propensity 


matched on, zip, 


# of PCRs, 


demographics  


Original & 


Alpha ¥ 


excluded BNT162b2  
 


Documented 
Infection 


61.0 (50.8-69.2) ≥14, prior 
to 2nd dose 


88.0 (84.2-91.0) ≥14 ~17 weeks 
(120 days) 


Hospitalization —    88.3 (72.6-95.9) ≥14 


ICU Admission —    100.0 (18.7-
100) 


≥14 


mRNA-
1273 


Documented 
Infection 


66.6 (51.9-77.3) ≥14, prior 
to 2nd dose 


92.3 (82.4-97.3) ≥14 


Hospitalization —    90.6 (76.5-97.1) ≥14 


ICU Admission —    100.0 (17.9-
100) 


≥14 


47 Young-Xu et al 
(July 14,2021) 
[Update to Jun 
22 preprint] 


USA  Test negative 
case control  


77014 veterans 
within Veterans 
Health 
Administration 


Original and 


Alpha ⴕⴕ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection  


58 (54-62) 7+ days up 
to dose 2 


94 (92-95) 7+  ~8 weeks  


Hospitalization 40 (27-50) 89 (81-93) 


Death 55 (21- 74) 98.5 (86.6-99.8) 


Asymptomatic 
infection  


58.0 (41.7-69.7) 69.7 (47.7-82.5) 


Hospitalization  53.0 (25.7-70.3) 88.4 (74.9-94.7) 


Deaths  55.6 (26.6-73.2) 97.0 (91.7-98.9) 


46 Azamgarhi et al 
(June 17, 
2021)*  
[Update to 
Azamgarhi et al 
below] 


UK-London  Retrospective 
cohort  


2235 HCWs 
working at one 
hospital  


Original and 
Alpha£ 


Excluded  BNT162b2 Documented 
infection  


70.0 (6.0-91.0) >14  —     



https://doi.org/10.1101/2021.06.21.21258686

https://doi.org/10.1101/2021.06.21.21258686

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3868853

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x
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45 Gupta et al 
(June 16, 
2021)* 


USA Retrospective 
cohort  


4028 HCWs in 
Boston, 
Massachusetts 


Original and 
Alpha  


Unknown  mRNA-
1273 


Documented 
infection  


95.0 (86-98.2) >14 days 
post dose 1 
to 13 days 
post dose 2 


—     


44# Stowe et al 
(June 14, 2021) 


UK TND Case-
control 


Patients 
seeking 
emergency care 
services with 
subsequent 
hospitalization 


Alpha included BNT162b2 Hospitalization 83 (62-93) 21+ to <13 
days post 
dose 2 


95 (78-99) 14+ ~20 weeks 
(but most 
much less) 


AZD1222 76 (61-85) 86 (53-96) 


Delta BNT162b2 94 (46-99) 96 (86-99) 


AZD1222 71 (51-83) 92 (75-97) 


43# Sheik et al 
(June 14, 2021) 
 


Scotland TND Scottish 
population 


Alpha  Unknown BNT162b2 Documented 
infection 


38 (29-45) 28+ 92 (90–93)  14+ ~20 weeks 
(but most 
much less) Unknown AZD1222 Documented 


infection 
37 (32-42) 28+ 73 (66–78) 14+ 


Delta Unknown BNT162b2 Documented 
infection 


30 (17-41) 28+ 79 (75–82) 14+ 


Unknown  AZD1222 Documented 
infection 


18 (9-25) 28+ 60 (53–66) 14+ 


42 Flacco, Maria 
et al*  
(June 10, 2021) 


Italy  Retrospective 
cohort  


245,226 
individuals  


Original and 


Alphaⴕⴕ 


Unknown  BNT162b2 Documented 
infection  


55 (40-66) 14+  98 (97-99) 14+ ~14 weeks 


Hospitalization  —   99 (96-100) 14+ 


Death  —   98 (87-100) 14+ 


mRNA-
1273 


Documented 
infection  


93 (74-98) 14+  —    


AZD1222 Documented 
infection  


95 (92-97) 21+  —    


41 Skowronski et 
al* (July 9, 
2021) 
[Update to 
June 9 
preprint] 


Canada TND ≥70 year olds 
living in 
community 


Alpha Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


67 (95% CI 57-
75) 


21+ —    ~6 weeks 


Gamma 61 (95% CI 45- 
72) 


21+ 


Non-VOC 72 (95% CI 58-
81) 


21+ 


40 Emborg et al. 
(June 2, 2021) 
[Update of 
Houston-
Melms below] 


Denmark Cohort 46,101 long-
term care 
facility (LTCF) 
residents, 
61,805 
individuals 65 
years and older 
living at home 
but requiring 
practical help 
and personal 
care (65PHC), 
98,533 
individuals ≥85 
years of age 
(+85), 425,799 


original & 
Alpha¶¶ 


excluded BNT162b2 Documented 
infection 


7 (-1-15) 
 


>14 82 (79-84) >7 10 weeks 


COVID-
Hospitalization 


35 (18-49) >14 93 (89-96) >7 


COVID-Mortality 7 (-15-25) >14 94 (90-96) >7 



https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://khub.net/web/phe-national/public-library/-/document_library/v2WsRK3ZlEig/view_file/479607329?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_v2WsRK3ZlEig_redirect=https%253A%252F%252Fkhub.net%253A443%252Fweb%252Fphe-national%252Fpublic-library%252F-%25

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01358-1/fulltext

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab616/6318435

https://www.medrxiv.org/content/10.1101/2021.05.27.21257583v1
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health-care 
workers 
(HCWs), and 
231,858 
individuals with 
comorbidities 
that predispose 
for severe 
COVID-19 
disease (SCD) 


39 Thompson et 
al* 
[updated on 
June 30,2021] 
 


USA Cohort 3975 health 
care personnel, 
first 
responders, 
and other 
essential and 
frontline 
workers in 8 
locations in US 


Original Excluded BNT162b2 Documented 
infection 


80 (60-90) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


93 (78-98) 
 


≥14 13 weeks 


mRNA-
1273 


Documented 
infection 


83 (40-95) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


82 (20-96) 
 


≥14  


38 Salo et al 
(July 10, 2021) 
[Update to May 
30 preprint] 


Finland Retrospective 
cohort 


HCW and their 
unvaccinated 
spouses 


Alphaⴕⴕ Excluded BNT162b2 
& mRNA-
1273 


Documented 
infection in HCW 


26.8 (7.5-42.1) 
 


2 weeks —    *10 weeks 
since dose 1 


Documented 
infection in HCW 


69 (59.2-76.3) 
 


10 weeks 
(includes 2 
dose 
recipients) 


—   
  


 


37 Khan et al (May 
31, 2021) 


USA Retrospective 
cohort 


14,697 IBD 
patients in VA 
hospitals 


Unknown Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


-1 (-50-32) 14+ up to 7 
days post 
dose 2 


69 (44-83) 
 


7+ 14 weeks  


Hospitalization/de
ath 


9 (-114-61) 49 (-36-81) 7+ 


36 Martinez-Bas 
et al* 
(May 27, 2021) 


Spain Prospective 
Cohort 


20,961 close 
contacts of 
confirmed 
cases 


Alpha Excluded BNT162b2 Documented 
infection 


21 (3-36%) 14+ 65 (56-73) 14+ 12 weeks 


Symptomatic 
infection 


30 (10-45) 14+ 82 (73-88) 14+ 


Hospitalization 65 (25-83) 14+ 94 (60-99) 14+ 


AZD1222 Documented 
infection 


44 (31-54) 14+ —    n/a 


Symptomatic 
infection 


50 (37-61) 14+ —    


Hospitalization 92 (46-99) 14+ —    


35# Chung et al 
(Updated July 
26, 2021) 


Canada Test negative 
design case 
control 


Adults in 
Ontario 
53,270 cases 
270,763 
controls 


Non-VOC^ Excluded BNT162b2 Symptomatic 
infection 


59 (55-62) 
 


14+ 
 


91 (88-93) 
 


7+ 15 weeks 


Hospitalization 
and Death 


69 (59-77) 
 


96 (82-99) 
 


0+ 


mRNA-
1273 


Symptomatic 
infection 


72 (63-80) 
 


94 (86-97) 
 


7+ 


Hospitalization 
and Death 


73 (42-87) 96 (74-100) 0+ 



https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full

https://linkinghub.elsevier.com/retrieve/pii/S0016-5085(21)03066-3

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.medrxiv.org/content/10.1101/2021.05.24.21257744v2
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Alpha 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


61 (56-66) 90 (85-94) 7+ 


Hospitalizationand 
Death 


59 (39-73) 94 (59-99) 0+ 


Beta or 
Gamma 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


43 (22-59) 88 (61-96) 
 


7+ 


BNT162b2 
& mRNA-
1273 


Hospitalizationand 
Death 


56(-9-82) 100 0+  


34 PHE  
(May 20, 2021) 


UK Test-negative 
case control 


≥65 years Alpha excluded BNT162b2 Symptomatic 
infection 


54 (50-58) 
 


28+ 90 (82-95) 
 


≥14  


AZD1222 Symptomatic 
infection 


53 (49-57) 28+ 89 (78-94) ≥14  


33# Ranzani et al. 
(updated Jul 
21, 2021) 


Brazil Test-negative 
case control 


7950 matched 
pairs among 
70+ year olds in 
Sao Paulo 


Gamma Included Coronavac Symptomatic 
infection 


10.5 (-4.4-23.3) ≥14 
 


41.6 (26.9 -
53.3) 


≥14 
 


~10.5 weeks 


Hospitalization 
 


18.5 (-1.0-34.2) 59.0 (44.2-69.8) 


Death 31.6 (7.1-49.7) 71.4 (53.7-82.3) 


32 Ismail et al. 
(May 12, 2021) 


UK Screening 
method 


13,907 ≥70  Alpha included AZD1222 Hospitalization in 
70-79 


84 (74-89) 
 


28+ —     


Hospitalization I n 
80+ 


73 (60-81) 
 


28+ —     


BNT162b2 Hospitalization in 
70-79 


81 (73-87) 
 


28+ —     


Hospitalization I n 
80+ 


81 (76-85) 
 


28+ 93 (89-95) 
 


≥14  


31 Pilishvili et al.* 
(May 14, 2021) 


US Test-negative 
case control  


HCP at 33 U.S. 
sites across 25 
U.S. states 


Unknown Excluded BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


82 (74-87) ≥14 days 
post dose 1 
to 6 days 
post dose 2 


94 (87-97) ≥7  


30 Lopez-Bernal et 
al.*  
(May 13, 2021) 
[Update to Mar 
1 preprint] 


UK Test-negative 
case control 


156,930 UK 
population over 
age 70 


Alpha^ Included BNT162b2 Over 80 years: 
Symptomatic 
infection 


—    79 (68-86) ≥7  


Over 70 years: 
Symptomatic 
infection 


61 (51-69) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


AZD1222 Over 70 years:  
Symptomatic 
infection 


60 (41-73) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


29 Angel et al.* 
(May 6, 2021) 


Israel Retrospective 
cohort  


6710 HCWs at a 
single tertiary 
care center in  


Alpha¶ Excluded BNT162b2 Symptomatic 89 (83-94) >7 days 
post dose 1 
to 7 days 
post dose 2 


97 (94-99) >7 days  


Asymptomatic 36 (-51-69) 86 (69-97)  



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/988193/Vaccine_surveillance_report_-_week_20.pdf

https://www.medrxiv.org/content/10.1101/2021.05.19.21257472v3

https://www.epicentro.iss.it/vaccini/pdf/report-valutazione-impatto-vaccinazione-covid-19-15-mag-2021.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7020e2.htm?s_cid=mm7020e2_e&ACSTrackingID=USCDC_921-DM57416&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20May%2014%2C%202021&deliveryName=USCDC_921-DM57416

https://www.bmj.com/content/373/bmj.n1088

https://www.bmj.com/content/373/bmj.n1088

https://jamanetwork.com/journals/jama/fullarticle/2779853
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28# Abu-Raddad et 
al.* (July 8, 
2021) 


Qatar Test-negative 
case-control  


Qatari adults  Alpha & 
Beta^ 


Unknown BNT162b2 CC Alpha 
documented 
infection 


65.5 (58.2-71.5) 15-21 days 90 (86-92) ≥14  


CC Alpha 
severe/fatal 
infection 


72 (32-90) 
 


100 (82-100)  


CC Beta 
documented 
infection 


46.5 (38.7-53.3) 
 


75 (71-79)  


CC Beta 
severe/fatal 
infection 


56.5 (0-82.8) 
 


100 (74-100)  


Retrospective 
cohort 


 Qatari adults Alpha & 
Beta^ 


Unknown BNT162b2 Cohort 
documented 
infection Alpha 


—    87 (82-91)  


Cohort 
documented 
infection Beta 


—    72 (66-77)  


27 Haas et al. * 
(May 5, 2021) 
[Update to Mar 
24 preprint] 


Israel  Retrospective 
cohort 


Israeli 
population ≥16 
years  


Alpha^ Excluded BNT162b2 Documented 
infection 


—    95.3  (94.9-
95.7) 


≥7 days  


Asymptomatic 
infection 


91.5 (90.7-92.2)  


Symptomatic 
infection 


97.0 (96.7-97.2)  


Hospitalization 97.2 (96.8-97.5)  
Severe/ critical 
hospitalization 


97.5 (97.1-97.8)  


Death 96.7 (96.0-97.3)  
26 Corchado-


Garcia et al.  
(April 30, 2021) 


USA Retrospective 
cohort 


24,145 adults in 
the Mayo Clinic 
Network 


Original  & 


Alpha¥ 


Excluded Ad26.COV2
.S 


Documented 
infection 


77 (30-95) ≥15  —     


25 Fabiani et al.* 
(Apr 29, 2021) 


Italy Retrospective 
cohort 


9,878 HCWs  Unknown Excluded BNT162b2 Documented 
infection 


84 (40-96) 14-21  95 (62-99) ≥7 days  


Symptomatic 
infection 


83 (15-97) 94 (51-99)  


24 Gras-Valenti et 
al.*(Apr 29, 
2021) 


Spain Case-control 268 HCWs Original & 
Alpha¥¥ 


Included BNT162b2 Documented 
infection 


53 (1-77) >12  —     


23 Tenforde et 


al.* 
(Apr 28, 2021) 


 


 


 


 


USA Test-negative 


case-control 


Hospitalized 
adults ≥65 
years  


Original and 
Alpha¥ 


Unknown BNT162b2 
& mRNA-
1273 
 


Hospitalization  64 (28-82)  
 


≥14 days 
post dose 1 
to 14 days 
post dose 2 


94 (49-99) ≥14 days   


22 Goldberg et al. 
(Apr 24, 2021) 


Israel Prospective 
cohort 


Original and 
Alpha^ 


Included BNT162b2 Documented 
infection 


58 (57-59) >14 days 
post dose 1 


93 (93-93)   



https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00947-8/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.17.2100420

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.medrxiv.org/content/10.1101/2021.04.20.21255670v1
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5,600,000+  
individuals ≥16 
years 


Hospitalization 69 (68-71) to <7 days 
post dose 2 


94 (94-95) ≥7 days  
Severe disease 66 (63-69) 94 (94-95)  
Death 63 (58-67) 94 (93-95)  


21 Pritchard et 
al.*  
(Jun 9, 2021) 
[Update to Apr 
23 preprint] 


UK Prospective 
cohort 


373,402 
individuals ≥16 
years 


Alpha & 
Original^ 


Excluded BNT162b2 Documented 
infection 


66 (60-71) ≥21  80 (74-85) ≥0 days  


Symptomatic 
disease 


78 (72-83) 95 (91-98)  


AZD1222 Documented 
infection 


61 (54-68) 79 (65-88) 
 


 


Symptomatic 
disease 


71 (62-78) 92 (78-97)  


20 Vasileiou et al.* 
(Apr 23, 2021)  
[Update to Feb 
21 preprint] 


UK – 
Scotland   


Prospective 
Cohort  
(Person-time) 


Scotland 
population: 5.4 
million 


Original & 
Alpha£   


 
Excluded 


 
BNT162b2 
 
 


Hospitalization 91 (85-94) 28-34  —     


AZD1222 Hospitalization 88 (75-94) 28-34   


19 Hall et al.* 
(Apr 23, 2021) 
[Update to Feb 
21 preprint] 


UK – SIREN 
study 


Prospective 
Cohort  
(Person-time) 


23,324 
healthcare 
workers 


Alpha^  Excluded BNT162b2   Documented 
infection 


72 (58-86) ≥21  86 (76-97) ≥7  


18 Mason et al.  
(Apr 22, 2021) 


UK - England Case-control 170,226 80-83 
year-olds  
 


Alpha^ Excluded BNT162b2 
 


Documented 
infection4 


55 (40-66) 21-27 70 (55- 80) 35-41  


Hospitalization4 50 (19-69) 21-27 75 (52-87) 35-41  


17 Bjork et al.  
(Apr 21, 2021) 


Sweden  Retrospective 
cohort  


805,741 
Swedish adults 
aged 18-64 
years 


Original & 
Alpha^ 


Unknown BNT162b2 Documented 
infection  


42 (14-63) ≥14 86 (72-94) ≥7  


16 Araos, Rafaele 
(Apr 16, 2021) 
 


Chile  Retrospective 
cohort 


10,500,000 
individuals >16 
years under the 
national health 
fund 
 


Original, 
Gamma, and 
Alpha££ 


Unknown CoronaVac Symptomatic 
infection  


16 (14-18) ≥14 67 (65-69) ≥14  


Hospitalization 37 (32-39) ≥14 85 (83-87) ≥14  


ICU admission 43 (37-43) ≥14 89 (85-92) ≥14  


Death 40 (33-47) ≥14 80 (73-86) ≥14  


15 Glampson et 
al.*  
(Jul 15, 2021) 
[Update to Apr 
10 preprint] 


UK Retrospective 
cohort 


2 million adults 
>16 in  
Northwest 
London 


Alpha^ 
 


Included BNT162b2 Documented 
infection 


78 (73-82) 22-28 —     


AZD1222 Documented 
infection 


74 (65-81) 22-28 


14 Andrejko et 
al.*  
(Jul 20, 2021) 


USA Test-negative 
case control  


1023 California 
adults ≥18 
years 


B.1.427/ 
B.1.429 & 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection 


66.9 (28.7--
84.6) 
 


≥15 87.4 (77.2-93.1) 
 


≥15 ~14 weeks 


Asymptomatic 
infection 


—    68.3 (27.9-85.7) ≥15 



https://www.nature.com/articles/s41591-021-01410-w

https://www.nature.com/articles/s41591-021-01410-w

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00677-2/fulltext

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00790-X/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.19.21255461v1

https://www.medrxiv.org/content/10.1101/2021.04.20.21254636v1

https://www.minsal.cl/wp-content/uploads/2021/04/Effectiveness-of-the-inactivated-CoronaVac-vaccine-against-SARS-CoV-2-in-Chile.pdf

https://preprints.jmir.org/preprint/30010/accepted

https://preprints.jmir.org/preprint/30010/accepted

https://doi.org/10.1093/cid/ciab640

https://doi.org/10.1093/cid/ciab640
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[update to  
May 25 
preprint] 


Symptomatic 
infection 


—    91.3 (79.3-96.3) ≥15 


Hospitalization  —    100 ≥15 


BNT162b2 Documented 
infection 


—    87.0 (68.6-94.6) ≥15 


mRNA-
1273 


Documented 
infection 


—    86.2 (68.4-93.9) ≥15 


13 Regev-Yochay 
et al.* 
( July 7,2021) 
[Update to 
April 9 preprint] 


Israel  Prospective 
cohort 


3578 HCWs in 
one Israeli 
health system  


Alpha¶ Included BNT162b2 Asymptomatic 
infection  


—    65 (45-79) ≥11  


Asymptomatic 
infection 
presumed 
infectious (Ct< 30) 


70 (43-84) ≥11  


Symptomatic 
infection 


90 (84-94) ≥11  


Symptomatic 
infection 
presumed 
infectious (CT<30)  


88 (80-94) ≥11  


12 Bouton et al.  
(Mar 30, 2021) 


USA – MA Prospective 
Cohort 


10,950 
healthcare 
workers in 
Boston 


Original^ included BNT162b2 
& mRNA-
1273 


Documented 
infection 


82 (68-90) >14 days post dose 1 including some with dose 2 starting 
day 0 


 


11 Thompson et 
al.* 
(Mar 29, 2021) 


USA Prospective 
cohort 


3,950 
healthcare 
workers in 
eight US sites 


Original¥ excluded BNT162b2 
&  
mRNA1273 


Documented 
infection 


80 (59-90) ≥14 90 (68-97) ≥14  


10 Shrotri et al.* 
(Jun 23, 2021) 
[Update to Mar 
26 preprint] 


UK Prospective 
cohort 


10,412 care 
home residents 
aged ≥65 years 
from 310 LTCFs 
in England 


Original and 
Alpha^ 


Stratified BNT162b2 Documented 
infection  


65 (29-83) 35-48 —     


AZD1222 Documented 
infection  


68 (34-85) 35-48  


9 Public Health 
England – 
March  
(Mar 17, 2021) 


UK - England Test Negative 
Case-Control 


Adults in 
England over 
70 years 


Alpha^ 
 


? BNT162b2 Symptomatic 
infection  


58 (49-65) ≥28 —     


AZD1222 Symptomatic 
infection  


58 (38-72) ≥35  


Retrospective 
Cohort 


Adults in 
England over 
80 years  


Included BNT162b2 Hospitalization1 42 (32-51) ≥14 —     


 


Death1 54 (41-64) ≥14  


AZD1222 Hospitalization1 35 (4-56) 14-21  


8 Yelin et al. 
(Mar 17, 2021)  


Israel – 
Maccabi 
System 


Retrospective 
Cohort  


1.79 million 
enrollees, 
adults <90 
years 


Alpha^ excluded  BNT162b2 Documented 
infection 


91 (89-93) ≥35 days post dose 1 most with dose 2   


Symptomatic 
infection 


99 (95-99) ≥35 days post dose 1 most with dose 2  


7 Britton et al.* 
(Mar 15, 2021) 


USA – CT Retrospective 
Cohort  


463 residents 
of two skilled 


Original¥ stratified BNT162b2 Include Hx of 
COVID: 


63 (33-79) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 



https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.medrxiv.org/content/10.1101/2021.03.30.21254655v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00289-9/fulltext

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://www.medrxiv.org/content/10.1101/2021.03.16.21253686v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w





     


17 | P a g e  
 


Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
¶¶Denmark logs more contagious COVID variant in 45% of positive tests | Reuters 


nursing 
facilities 
experiencing 
outbreaks 


Documented 
infection 


Exclude Hx of 
COVID:  
Documented 
infection 


60 (30-77) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 


6 Tande et al.* 
(Mar 11, 2021) 


USA – Mayo 
Clinic 


Retrospective 
Cohort 


Asymptomatic 
screening of 
39,156 
patients: pre-
surgical, pre-op 
PCR tests 


original¥ included BNT162b2 
& mRNA-
1273 


Asymptomatic 
infection 


79 (63-88) 
>10 days post dose 1, including 
some with dose 2  


80 (56-91) >0  


BNT162b2 Asymptomatic 
infection 


79 (62-89) >10  80 (56-91) >0  


5 Mousten-
Helms et al.  
(Mar 9, 2021) 


Denmark Retrospective 
Cohort 


Long term care 
facilities in 
Denmark - 
39,040 
residents, 
331,039 staff 


original & 
Alpha¶¶ 


excluded BNT162b2 LTCF Resident: 
Documented 
Infection 


21 (-11-44) >14 64 (14-84) >7  


LTCF Staff: 
Documented 
Infection 


17 (4-28) >14 90 (82-95) >7  


4 Hyams et al.* 
(Jun 23, 2021) 
[Update to Mar 
3 preprint] 


UK – 
University of 
Bristol  


Test Negative 
Case-Control 


466 tests:  >80 
years 
hospitalized 
with respiratory 
symptoms  


Alpha£ included BNT162b2 Hospitalization 79 (47-93) >14 —     


AZD1222 Hospitalization 80 (36-95) >14  


3 Dagan et al.* 
(Feb. 24, 2021) 


Israel – Clalit 
Health 
System 


Retrospective 
Cohort 


596,618 – 
matched on 
demographics, 
residence, 
clinical 
characteristics 


original & 
Alpha^  


excluded BNT162b2 Documented 
infection 


46 (40-51) 14-21  92 (88-95) >7   


Symptomatic 
infection 


57 (50-63) 14-21  94 (87-98) >7   


Hospitalization 74 (56-86) 14-21 87 (55-100) >7   


Severe disease 62 (39-80) 14-21 92 (75-100) >7   


2 Public Health 
England – Feb. 
(Feb. 22, 2021) 


UK - England Screening 
Method 


43,294 cases, 
with England as 
source 
population 


Alpha^ included BNT162b2 Over 80 years: 
Symptomatic 
infection 


57 (48-63) >28  88 (84-90) 7   


1 Amit et al.* 
(Feb 18, 2021) 


Israel Prospective 
Cohort 


9,109 
healthcare 
workers 


original & 
Alpha¶ 


excluded BNT162b2 Documented 
infection 


75 (72-84) ≥15 days  post dose 1 including some with dose 2 through 
day 7 


 


Symptomatic 
infection 


85 (71-92) ≥15 days  post dose 1 including some with dose 2 through 
day 7 
 


 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://www.reuters.com/article/us-health-coronavirus-denmark/denmark-logs-more-contagious-covid-variant-in-45-of-positive-tests-idUSKBN2AG1H0

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab229/6167855

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00330-3/fulltext

https://www.nejm.org/doi/10.1056/NEJMoa2101765

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2900448-7
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¥¥COVID variant first detected in UK now dominant strain in Spain 
££Reporte-circulacion-variantes-al-9.04.21-PUBLICADO-FINAL.pdf (minsal.cl) 
ⴕⴕBased on https://outbreak.info/location-reports  
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data 
# Manuscripts that are cited in the WHO COVID-19 Weekly Epidemiological Updates (see Special Focus Update on SARS-CoV-2 Variants of Interest and Variants of Concern, Table 3, included in every 
other Weekly Epidemiological Update): https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports.  


1.1  Inclusion criteria for VE studies 
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• Must have confidence intervals around VE, except in instances where it is not possible to calculate 
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excludes case only studies (e.g., impact studies, risk of progression to severe disease (i.e. PHE)).   


• No modeled comparison group nor comparison to historical cohort 
 • The study design should account for confounding and/or VE estimate should be adjusted or state adjustment made no difference 
• Outcomes must be lab confirmed, not syndromic 
• At least 90% of participants must have documented vaccination status rather than relying on recall 


 • VE must be for one vaccine, not for >1 vaccine combined (with exception for studies accessing Pfizer + Moderna vaccines and studies 
of heterologous schedules, but all participants included in a VE estimate should receive same brands of vaccines in the same order 


• No significant bias that likely affects results  
• Cannot include day 0-12 in unvaccinated definition 
• Cannot compare to early post vaccination to calculate VE (e.g. day 0-12 vs day 12-21) 
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2. Duration of Protection Studies 


 
These are studies that assess duration of protection criteria as outlined above along with those studies that do not meet aforementioned criteria 


that are relevant to evaluating duration of protection. Some of these studies are also in the above table but duplicated here for ease.  


We would like to highlight 


• It is currently challenging to disentangle any apparent reduction in VE over time due to waning immunity from reduction due to immune 


escape by the Delta variant.   


• Countries have implemented different dose intervals and vaccination strategies that can make comparisons across studies challenging.  


• Persons who are vaccinated early in a program are different than those who are vaccinated later.  For example, many who were 


vaccinated early were those at highest risk, and this could confound the results.  Some of the older individuals also might have some 


degree of immunosenescence.  


 
# Reference (date) Country Population Dominant 


Variants 
Vaccine product Study Period Descriptive Findings 


10 Pouwels et al 
(August 19, 2021) 


UK General adult 
population 


Alpha, Delta BNT162b2 
mRNA-1273 
 


December 1, 2020-
August 1, 2020 


COVID-19 infection survey is a household longitudinal survey with testing.  During the delta 
dominant period, in those 18 to 64 years, VE of BNT162b2 against new PCR-positives reduced by 
22% (95% CI 6% to 41%) for every 30 days from second vaccination. Reductions were numerically 
smaller for ChAdOx1 (change -7% per 30 days, 95% CI -18% to +2%) but there was no formal 
evidence of heterogeneity (p=0.14). 


 
 


9 Tendorde et al  
(August 18, 2021) 


USA Hospitalized patients Alpha > Delta BNT162b2 
mRNA-1273 


March 11-July 14, 
2021 


Test-negative design case control study of hospitalized patients. VE against COVID-19– associated 
hospitalization was 86% (95% CI = 82%–90%) 2–12 weeks and 84% (95% CI = 77%–90%) 13–24 
weeks from receipt of the 2nd dose, with no significant change between these periods (p = 0.854).  
There was no difference in VE by timing since vaccine among those ≥/< 65 years, 
immunocompromised versus not and among those with ≥/< 3 chronic conditions.  
 



https://www.ndm.ox.ac.uk/files/coronavirus/covid-19-infection-survey/finalfinalcombinedve20210816.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w
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8 Yassi et al 


(July 16, 2021) 
Canada HCWs in Vancouver Alpha/Gamma BNT162b2 


mRNA-1273  
December 15-May 
13, 2021 


Retrospective cohort study of HCWs linking administrative databases.  At 16 weeks (day 112) post 
dose 1 and 2 they don’t see a decline in VE. Note that day 0-13 post dose 1 is included in the 
unvaccinated comparison group.  


 
7 Chemaitelly et al  


(August 9, 2021) 
Qatar Immunosuppressed 


kidney transplant 
patients 


Alpha/Beta BNT162b2 
mRNA-1273  
 


February 1-July 21, 
2021 


Retrospective cohort study finding VE against infection was 73.9% (95% CI: 33.0-89.9%) at day 56+ 
post dose 2; VE against severe/critical/fatal disease was 83.8% (95% CI: 31.3-96.2) at day 56+ post 
dose 2. 


6 Carazo et al 
(July 22, 2021) 


Canada HCWs in Quebec Alpha BNT162b2 
mRNA-1273  
 


January 17-June 5, 
2021 


This is a test-negative case control linking surveillance and vaccination data from administrative 
databases for HCWs.  Across 16 weeks, no decline in single-dose VE against infection was observed 
with appropriate stratification based upon prioritized vaccination determined by higher versus 
lower likelihood of direct patient contact. 



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254920

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1

https://doi.org/10.1101/2021.07.19.21260445
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5 Amirthalingam et 
al (July 28, 2021) 


UK 50+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222 


January 4-June 18, 
2021 


This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  In summary, VE against disease potentially declines post dose 1 at day 
70+ for AZD1222 and at day 56+ for BNT162b2 but there are wide/overlapping confidence 
intervals making conclusions challenging.  Higher two-dose VE was observed with > 6-week 
intervals between BNT162b2 doses compared to the authorized 3-week schedule, including ≥ 80-
year-olds. (This paper also includes information on GMTs at different time points post vaccination.)  


 


 



https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1
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4 Public Health 
England Week 20 
(May 20, 2021) 


UK 65+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222  


December-May 2021 This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  Comparisons for the first dose are made to unvaccinated, while 
comparisons for the second dose are made to 4-13 days post dose 2 to account for underlying 
differential risk between unvaccinated and vaccinated groups. AZD1222 post dose 1 not have any 
evidence of waning, while for BNT162b2 there is a slight increase in the odds of symptomatic 
disease at day 70+. 
 


  
 



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf
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3 Italian Instituo 
Superiore di 
Sanita 
(July 30, 2021) 


Italy Italian general adult 
population with at 
least 1 dose of vaccine 


Alpha BNT162b2 
AZD1222  
mRNA-1273  
Ad26.COV2.S 


December 27, 2020-
July 14, 2021 


This study linked Italy’s national vaccination registry with their surveillance data.  For each of the 
outcomes evaluated, a multivariable negative binomial model was used to estimate the incidence 
rate ratio at different time intervals post dose 1 and 2, compared to the time period of 0-14 days 
after the first dose.  VE is preserved against infection post complete vaccination for BNT162b2 at 
day 147-154, for mRNA-1273 at day 126-133, for AZD1222 at day 49-56, and for Ad26.COV2.S at 
day 49-56.  VE against hospitalization, ICU admission, and mortality also do not change significantly 
over time.   
 


 
 


2 Israel et al 
(August 5, 2021) 


Israel All fully vaccinated 
persons enrolled in 
Leumit Health Services  


Delta BNT162b2  May 15-July 26, 2021 There was a significantly higher rate of positive results among patients who received their second 
vaccine dose at least 146 days before the RT-PCR test compared to patients who have received 
their vaccine less than 146 days before: adjusted odds ratio for infection was 2.76 (95% CI 1.62-
3.08) for ≥ 60-year-old patients; 2.22 (95% CI 1.62-3.08) for patients 40-59-years; and 1.67 (95% CI 
1.21-2.29) for 18-39 year old patients. 



https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

http://medrxiv.org/content/early/2021/08/05/2021.08.03.21261496.abstract
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1 Lotan et al  
(July 31, 2021) 


Israel 16+ year olds enrolled 
at Maccabi Health 
Services 


Delta BNT162b2  June 1-July 27, 2021 The study compared the rate of breakthrough infection during June and July, when Delta was the 
dominant strain, between individuals who received 2 doses of the vaccine earlier this year to 
individuals who received two doses of the vaccine more recently, while adjusting for confounders. 
The authors report that persons vaccinated between January and February 2021 had a 53% (95% 
CI: 40-68%) increased risk of breakthrough infection in June and July compared to individuals 
vaccinated between March and April 2021.  There was no difference by age groups 16-39, 40-59, 
≥60 years. No unvaccinated persons were included in the study; thus, vaccine effectiveness was 
not evaluated 


 


  



https://www.medrxiv.org/content/10.1101/2021.07.29.21261317v1
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3. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness Against Transmission§ 
# Reference 


(date) 
Country Design Population Dominant 


Variants 
(Alpha=B.1.1.7 
Beta=B.1351 
Gamma=P.1 
Delta=B.1617.2 


History 
of COVID 


Vaccine Product Outcome 
Measure 


1st Dose VE % 
(95%CI) 


Days post 1st 
dose 


2nd Dose VE % 
(95% CI) 


Days post 2nd 
dose 


Max 
Duration 
of follow 
up after 
fully 
vaccinated  


6 de Gier et 
al* (August 
5, 2021) 


Netherlands Retrospective 
cohort 


113,582 index 
cases (aged 
18+) and 
253,168 
household 
and other 
close contacts 
(all ages) 


Alpha^ Unknown AZD1222 Transmission to 
any  household 
contacts 
(adjusted for 
contact 
vaccination 
status)  


15 (4-26) 14+‡ 58 (−12-84) 7+ ~15 weeks 


BNT162b2 26 (12-37) 70 (61-77) 


mRNA-1273 51 (8-74) 88 (50-97) 


Ad26.COV2.S 77 (6-94) —   


5 Layan, 
Gilboa et al 
(July 
16,2021) 


Israel  Prospective 
cohort  


215 index 
cases and 687 
household 
contacts from 
210 Israeli 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Transmission to 
HHC by 
vaccinated vs. 
unvaccinated 
cases 


—    78(30-94) 7+ ~12 weeks 


4 Prunas et al 
(July 16, 
2021) 


Israel Retrospective 
cohort 


253,564 Israeli 


individuals 


from 65,264 


households 


with at least 1 


infected 


individual and 


at least 2 


members 


Original and 
Alpha¶  


Unknown  BNT162b2 Infectiousness 
given Infection  


—   —   41.3(9.5-73.0) 10+  


Transmission  88.5(82.3-94.8) 


3 Harris et 
al* 
(June 23, 
2021) 
[Update to 
Apr 28 
preprint] 


UK Retrospective 
cohort, case-
control 


970,128 


household 


contacts of 


index case 


(unvaccinated, 


vaccinated 


with AZD1222 


or BNT162b) 


Alpha£ Unknown  AZD1222 Documented 
infection 


48(38-57) >21 days after 
dose 1, including 
some with dose 2 


—     


BNT162b2 46(38-53 


2 Salo et al 
(July 10, 
2021) 


Finland Retrospective 
cohort 


Alphaⴕⴕ Excluded BNT162b2 & 
mRNA-1273 


Documented 
infection in 
HCW’s 


8.7 (-28.9-
35.4) 
 


2 weeks —    *10 weeks 
since dose 
1 



https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full
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[Update to 
May 30 
preprint] 


HCW and their 


unvaccinated 


spouses 


unvaccinated 
spouses  


Documented 
infection in 
HCW’s 
unvaccinated 
spouses 


42.9 (22.3-
58.1) 
 


10 weeks (combo 
of 1+2 dose 
recipients) 


—    


1 Shah et al.  
(Mar 11, 
2021) 


UK - 
Scotland  


Retrospective 
Cohort 


144,525 


healthcare 


workers 


(HCWs) and 


194,362 


household 


members 


original & 


Alpha£ 


excluded  BNT162b2 & 
AZD1222 


Household 
members of 
HCWs: 
Documented 
infection2  


30 (22-37) ≥14 54 (30-70) ≥14  


§Study results captured during literature search of vaccine effectiveness studies. Note this is not an exhaustive list of transmission studies. 
Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports



https://www.medrxiv.org/content/10.1101/2021.03.11.21253275v1

https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports
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 4. Vaccine Impact: Summary of Ecologic Study Results for Post-Authorization COVID-19 Vaccine Products# 


# Reference (date) Country Design Population 
Dominant 
Variants Vaccine Product Descriptive Findings 


48 Escobar-Agreda et 
al (August 5, 2021) 


Peru Survival analysis 998,295 adults aged 
18-59 with SARS-CoV-2 
infection in Peru 


Non-VOCⴕⴕ Sinopharm This study assessed the survival of healthcare workers 
(HCWs) infected with SARS-CoV-2 in periods before 
and after vaccination by comparing the hazard of 
death in the second wave of SARS-CoV-2 transmission 
(2021, just before and during vaccination) to the first 
wave (2020, pre-vaccination). At the start of the 
second wave (before vaccination), the hazard of death 
among infected HCW was twice the hazard of death in 
the first wave (HR=2). After vaccination began in 
February, the hazard ratio decreased over time, 
reaching 0.125 as of 3.5 months after the start of 
vaccination among HCW. The authors also compared 
survival among infected HCW to survival of infected 
members of the general population (who were 
unvaccinated at the time) during the second wave.  
Survival was greater among infected HCW than those 
infected in the general population, particularly starting 
14 days after the administration of dose 2 among HCW 
began (March 15 onward).   


47 Banho et al 
(July 31,2021) 


Brazil  Retrospective cohort 
 


Residents of São José 
do Rio Preto, northeast 
region of the state of 
São Paulo  


 
 


Gamma AZD1222 and 
CoronaVac 


This retrospective study was conducted between 
October 2020 to June 2021 to report the spread of the 
P.1(Gamma) variant in São José do Rio Preto, Brazil, 
and study the association of the Gamma variant with a 
change in the epidemiological profile, with increased 
numbers of severe COVID-19 cases and deaths, 
especially in the unvaccinated population. Following 
P.1 introduction, a rapid increase in prevalence was 
observed, reaching more than 96% of the sequenced 
genomes from March to June. There was a marked 
increase in mortality as variant P.1 became dominant 
increasing by 162% (95% CI: 127, 214) when comparing 
July-September 2020 to March-April 2021. Vaccination 
with CoronaVac vaccine and AstraZeneca was 
associated with a moderate reduction in the number 
of cases (best-fit slope – 0.21, 95% CI: –0.03, –0.39). 
However, it was associated with a pronounced 
reduction in severe cases (–0.55, 95% CI: –0.34, –0.76) 
and deaths (–0.58, 95% CI: –0.39, –0.77) 



https://www.medrxiv.org/content/10.1101/2021.08.03.21260614v1

https://www.medrxiv.org/content/10.1101/2021.08.03.21260614v1

https://www.medrxiv.org/content/10.1101/2021.07.28.21261228v1.full.pdf
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46 Feder et al (August 
1, 2021) 


USA Retrospective cohort 
 


9,048 specimens 
representing 89% of 
Maryland residents 


E484K and 
L452R 
mutations 
 


BNT162b2, mRNA-
1273, and 
Ad26.COV2.S 
 


This study estimated the prevalence of infections in 
fully vaccinated individuals (14+ days after final 
scheduled dose of COVID-19 vaccine) and association 
with infections caused by E484K mutations to those 
not carrying E484K, between infections caused by 
viruses carrying L452R to those not carrying L452R. In 
adjusted analysis, the E484K substitution was 
associated with an increase in the odds of the 
sequenced specimen being collected from a fully 
vaccinated person (OR 1.96, 95% CI, 1.36 to 2.83). The 
L452R mutation was not significantly associated with 
infections in vaccinated persons (OR 1.07, 95% CI, 0.69 
to 1.68). 


45 Pezzotti et al  
(July 27, 2021) 


Italy Retrospective cohort 
 


General population  Unknown  BNT162b2, mRNA-
1273, AZD1222, 
Ad26.COV2.S 
 


This study was undertaken by obtaining data from the 
National Vaccination Registry of the Ministry of Health 
for Italy, and included all Italian persons receiving one 
dose of any authorized COVID-19 vaccine from 27the 
December, 2020. The study estimated the incidence 
rate of SARS-CoV-2 infection and subsequent 
hospitalizations, admission to an ICU, and death. It is 
observed that the the incidence of COVID-19 
diagnoses declined from 1.19 per 10,000 person-days 
in the first 14 days after the first dose to 0.28 in 
completely vaccinated persons. The hospitalization 
rate in vaccinated persons before 16 May 2021 
decreased from 0.27 per 10,000 person-days in the 
first 14 days after the first dose to 0.03 in those 
completely vaccinated. The mortality rate in 
vaccinated persons before 16 May 2021 varied from 
0.08 per 10,000 person-days in the first 14 days after 
the first dose to 0.01 in completely vaccinated 
persons. 


44 Núñez López et al 
(July 27, 2021) 


 


Spain Prospective cohort 8329 HCW from La Paz 
University Hospital in 
Madrid 


Non-VOC, 


Alphaⴕⴕ 


BNT162b2 This prospective observational study was conducted 
between January 12, 2020 and July 3, 2021, comparing 
the incidence and prevalence of COVID-19 infections 
among HCW from the hospital before and after 
vaccination of the cohort. Vaccination occurred 
between January 10-19, 2021 (dose 1) and February 1-
9 (dose 2) for about 90% of the HCW. Starting about 2 
weeks after the first round of vaccinations, daily 
incidence of COVID-19 among HCW dropped 
substantially and reached 0 as of 8 days after the 
administration period of the second dose. Further 
positive cases among HCW during the study period 
occurred only among partially vaccinated or 
unvaccinated HCWs, and were minimal. Additionally, 



https://www.medrxiv.org/content/10.1101/2021.07.29.21261006v2.full

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.sciencedirect.com/science/article/pii/S0213005X21002238?via%3Dihub
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prior to vaccination of HCWs, the trend in the 
prevalence of COVID-19 infection among HCWs was 
approximately parallel to the trend in the prevalence 
of COVID-19 patients hospitalized in the same hospital. 
As of two weeks after the first round of vaccination, 
the curves began to diverge.  


43 Bobdey et al (July 
26, 2021) 


India Retrospective cohort 3196 employees and 
students of a tertiary 
care institute in 
Maharashtra 


Non-VOC, 


Deltaⴕⴕ 


AZD1222 (SII) One analysis in this study compared the secondary 
attack rates of COVID-19 among High Risk Contacts of 
cases during the pre-vaccination period (Jun-Oct 2020) 
versus during the post-vaccination study period (1 Feb-
25 April, 2021). High Risk Contacts included people 
from the institute who live in the same dormitory and 
use the same bathrooms as confirmed cases. There 
were three cases from three different dormitories 
during the study period considered for the analysis. 
Two secondary cases occurred, resulting in a 
Secondary Attack Rate (SAR) of 4.25% during the post-
vaccination period, significantly lower than the SAR of 
21.42% in the pre-vaccination period (p<0.05).  


42 Rubin et al (July 23, 
2021) 
 


USA Prospective cohort 10,700 district 
employees in 
Philadelphia 


Alpha BNT162b2 
 


This study was conducted in the School District of 
Philadelphia to assess the percentage of positive Rapid 
Antigen test reports in staff members following 


vaccination with BNT162b2. Weekly SARS-CoV-2 


antigen screening tests required of all employees 
returning for in-school instruction in the School District 
of Philadelphia found a 95% lower percentage of 
positive test results among persons who reported 
receipt of 2 doses of COVID-19 mRNA vaccine (0.09%) 
than among those who were unvaccinated (1.77%). 


41 Pastorino et al (July 
23, 2021) 


Multiple Ecologic  General population 
from 40 countries  


Unknown  Not specified  This study collected data on COVID-19 deaths reported 
from countries that had publicly available age-
stratified data till end of May,2021 to estimate the 
proportion of COVID-19 deaths in the age group 0-69 
compared to two pre-vaccination control periods. In 
total, 40 countries were included for the analysis. The 
proportions of COVID-19 deaths that occurred in 
people 0-69 years old were relatively lower in high-
income countries. The data showed that the use of 
COVID-19 vaccines was associated with a marked 
change in the age distribution of COVID-19 deaths in 
the first 5 months of 2021 


40 Mor et al (July 
23,2021) 


Israel  Retrospective cohort 596 cases and 2515 
controls  


Beta  BNT162b2 This study was undertaken from information retrieved 
from the Israeli Ministry of Health database, and 
included vaccinated and unvaccinated cases that were 
positive for either the B.1.1.7 variant or B.1.351 
variant.  The matching was done with one single 



https://www.sciencedirect.com/science/article/pii/S0377123721001520?via%3Dihub

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cdc.gov%2Fmmwr%2Fvolumes%2F70%2Fwr%2Fmm7030e1.htm&data=04%7C01%7Ckwalte21%40jhmi.edu%7C28c350fd7e24450bcadf08d95873ec3a%7C9fa4f438b1e6473b803f86f8aedf0dec%7C0%7C0%7C637638077184248557%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=%2BX0m5b0gFK3rw78fCN0ijWQbxblfzQikoWoWoqil8nc%3D&reserved=0

https://www.medrxiv.org/content/10.1101/2021.07.20.21260842v1

https://www.medrxiv.org/content/10.1101/2021.07.20.21260833v1.full.pdf
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vaccinated case matched to one or up to 10 
unvaccinated cases on a number of key variables. The 
study calculated the VE against Beta variant, assuming 
that the vaccine efficacy against the Alpha variant is 
95%. The VE against the beta variant was estimated to 
be 93%(CI: 87%-97%).  


39 Alencar et al (July 
13,2021) 


Brazil  Retrospective cohort 313,328 elderly 
people(75+) from 
Ceara, north-east Brazil 


Unknown AZD1222 and 
CoronaVac 


This study used data from National Mortality System 
(SIM) and from the Immunization Program (SIPNI) 
between 17 January and 11 May 2021, for people aged 
75 years and above to evaluate the impact of COVID-
19 vaccinations on reducing the total number of 
deaths. The mortality rate among the unvaccinated 
elderly was more than 132 times higher, as compared 
to those who had received two doses of a vaccine, 
with a protection ratio for deaths of 99.2%. 


38 Visci et al 
(July 20,2021) 


Italy Retrospective cohort 20,109 HCWs and 
4,474,292 residents  


Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study included HCWs in Italy 
from March 9, 2020 to April 4, 2021. The study aimed 
to assess the patterns of SARS-CoV-2 infections in 
HCWs compared to the general population and to 
evaluate the impact of vaccination. In order to 
calculate the change in test positivity ratios amongst 
the general population and HCWs for each week, the 
authors conducted Joinpoint analyses. The results 
show a significant decrease in the ratio of positive 
tests in the general population from the end of 
January and amongst HCWs from the end of December 
2020, indicating the impact of vaccination. 


37 Mateo-Urdiales et 
al  
(July 7,2021) 


Italy  Retrospective cohort Healthcare workers Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study was undertaken to 
describe the impact of vaccination on SARS-CoV-2 
infections among HCWs aged 20-65 years. From 21st of 
December to 28th March, 2,977,506 doses of vaccines 
were administered in the study population. The total 
proportion of cases and symptomatic cases reported 
amongst HCWs, after adjusting, showed a sustained 
decrease beginning approximately one month after 
vaccination started. By the end of March 2021, there 
was a 74% reduction in the proportion of all cases 
amongst HCWs and an 81% reduction in the 
proportion of symptomatic cases amongst HCWs 
compared to September 2020. 


36 Waldman et al* 
(July 21, 2021) 


USA Retrospective cohort 16,156 faculty, 
students, and staff at 
an academic medical 
center 


Original and 


Alpha ⴕⴕ 


BNT162b2 and 
mRNA-1273 


This retrospective cohort study assessed the impact of 
vaccination on the incidence of SARS-CoV-2 infection, 
hospitalization, and mortality among faculty, students, 
and staff at the University of California Davis medical 
center. COVID-19 incidence decreased from 3.2% 
during the 8 weeks before vaccination began to 0.38% 



https://www.mdpi.com/2414-6366/6/3/129
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https://www.sciencedirect.com/science/article/pii/S0264410X21008628?via%3Dihub#s0055
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4 weeks after the start of vaccination. A single dose of 
either vaccine reduced the hazard of testing positive 
by 48% (HR=0.52, CI 0.40-0.68) and the positivity rate 
for SARS-CoV-2 14+ days after the second dose was 
0.04%. There were no hospitalizations or deaths 
among fully vaccinated (14+ days after dose 2) HCWs 
who tested positive.  


35 Toniassoa et al  
(July 13,2021) 


Brazil  Cross-sectional  7523 HCWs in a 
hospital in Southern 
Brazil 


Unknown  CoronaVac,  
AZD1222 
 


This is a cross-sectional study conducted on 7523 
vaccinated (both partial and full vaccination) Brazilian 
healthcare workers to detect the prevalence of COVID-
19 diagnosis. The diagnosis of COVID-19 in the past 
reduced the prevalence of new infections by 68% (PR: 
0.32 95% CI: 0.19 – 0.56). After the first dose, infection 
prevalence decreased by 7% every week (PR: 0.93 95% 
CI: 0.89 – 0.97) regardless of the type of vaccine. An 
important finding was that a previous diagnosis of 
COVID-19 over 45 days ago reduced prevalence by 
71% (PR: 0.29 95% CI: 0.11 – 0.75) among those 
professionals. 


34 Wiliams et al  
(July 8,2021) 


USA Outbreak study  31 residents and 22 
staff members working 
in a LTCF in the US 


Gamma  BNT162b2 and  
mRNA-1273 


This study was conducted in an outbreak setting in a 
long-term care facility where the predominant SARS-
CoV-2 variant was determined as the P.1(Gamma 
variant).Vaccine effectiveness against SARS-CoV-2 
infection was 52.5% (95%CI 26.9-69.1%) in residents 
and 66.2% (95%CI, 2.3-88.3%) in staff. VE against 
severe illness was 78.6% (95%CI 47.9-91.2) in 
residents. Assuming that all residents and staff of the 
home were exposed, the estimated VE against SARS-
CoV-2 infection was 66.0% (95%CI 40.6-80.5%) in 
residents and 63.5% (95%CI 11.5-85.0%) in staff 


33 Shacham et al 
(July 5, 2021)  


USA Ecologic  Residents of 115 
counties and 2 cities in 
Missouri 


Unknown Unspecified 
(BNT162b2, 
mRNA-1273, 
Ad26.COV2.S 
available) 


Ecologic study evaluating the relationship between the 
cumulative proportion of residents vaccinated and 
weekly incidence of COVID-19 by location in 115 
counties and 2 cities in Missouri (total n=117 locations) 
from January 4 to June 26, 2021 (25 weeks). The 
relationship was found to likely be linear during the 
study period and was adjusted for other variables 
related to COVID-19 (population, proportion of 
nonwhite residents, median household income, 
proportion of residents in public-facing occupations). 
The final adjusted linear model showed the 
relationship was significant, with every percent 
increase in population vaccinated resulting in 3 fewer 
weekly COVID-19 cases (β -3.74, p<0.001). Locations 
with higher proportions of nonwhite residents were 
also likely to experience lower weekly incidence of 



https://www.ijidonline.com/article/S1201-9712(21)00582-8/fulltext
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COVID-19 after adjusted for other variables (β -1.48, 
p=0.037).  


32 Greene, Sharon et 
al  
(July 5,2021) 


USA  Regression 
discontinuity  


1,101,467 65-84-year-
old NYC residents  


 


Unknown  BNT162b2 and  
mRNA-1273 


A regression discontinuity study comparing the rate of 
hospitalization and deaths among 65-84 year-olds 
during an 8-week post-implementation phase of SARS-
CoV-2 vaccines in New York City with the pre-
implementation period, controlling for the epidemic 
trend among 45-64-year-olds, a group without 
concurrent age-based vaccine eligibility. It is observed 
that hospitalization rates among 65-84 year-olds 
during the post-implementation period had a 
statistically significant decrease as compared to the 
pre-implementation period with a RR of 0.85(95% CI 
0.74-0.97). Similar decrease in death rates was 
observed during the post-implementation period but 
this finding was not statistically significant (RR 0.85, 
95% CI: 0.66–1.10, P = 0.22). 


31 Victora et al  
(July 15,2021) 
[Update to June 19 
preprint] 


Brazil  Ecologic  Brazilian population  Gamma AZD1222 and 
CoronaVac  


Calculated proportionate mortality of COVID-19 deaths 
at ages 70-79 and 80+ and COVID-19 age-specific 
mortality rates using Brazilian Ministry of Health data 
from January 3- May 15, 2021 in a setting of 
predominant Gamma variant transmission. The 
proportion of all COVID-19 deaths for ages 80+ years in 
weeks 1-6 was 25% which subsequently reduced to 
12.4% in week 19 following the vaccination program. 
For individuals aged 70-79 years, the proportionate 
mortality showed a substantial decline in April-May.  
The mortality rate ratio for persons aged 80+ relative 
to those aged 0-69 reduced from 13.3 in January to 8.0 
in week 19, and a gradual decline in the rate ratios was 
observed for ages 70-79 from 13.8 in week 1 to 5.0 in 
week 19.  


30 Jacobson et al (June 
17,2021) 


USA  Retrospective cohort  Healthcare workers  Alpha, 
Epsilon 


BNT162b2 and  
mRNA-1273 


A retrospective report of 660 SARS-Cov-2 cases 
detected by PCR test among HCW at a single-site 
medical center. Described proportions of cases and 
compared mutation prevalence among unvaccinated, 
early post-vaccinated (≤14 days after dose 1), partially 
vaccinated (>14 days after dose 1 and ≤14 days after 
dose 2), and fully vaccinated (>14 days after dose 2). 
189 of 660 cases detected were post-vaccine SARS-
CoV-2 cases (PVSC, defined as occurring in those who 
had received at least one dose of vaccine). 60.3% of 
the 189 PVSCs occurred early post-vaccination, 25.9% 
were among partially vaccinated individuals, and 
13.8% were among those fully vaccinated.  Incidence 
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of the L452R mutation (presumed to indicate the 
Epsilon variant) did not vary by vaccination status. 


29 Christie et al (June 
7, 2021) 


USA Impact US population  Unknown Unspecified ( 
BNT162b2, mRNA-
1273 


Calculated rates of COVID-19 cases, emergency 
department (ED) visits, hospital admissions, and 
deaths by age group during November 29–December 
12, 2020 (pre-vaccine) and April 18–May 1, 2021. The 
rate ratios comparing the oldest age groups (≥70 years 
for hospital admissions; ≥65 years for other measures) 
with adults aged 18–49 years were 40%, 59%, 65%, 
and 66% lower, respectively, in the latter period 


28 Guijarro et al (June 
28, 2021) 
[Update to Jun  3  
preprint] 


Spain Impact HCW compared to 
community 


Unknown BNT162b2 Incidence rates of SARS-CoV-2 infection after the first 
dose of mRNA SARS-CoV-2 vaccine declined by 71% 
(Incidence Rate Ratio (IRR) 0.286 , 95% confidence 
interval (CI) 0.174-0.468) and by 97% (IRR 0.03 95% CI 
0.013-0.068,) after the second dose as compared to 
the perivaccine time. SARS-CoV-2 incidence rates in 
the community (with a negligible vaccination rate) had 
a much lower decline: 2% (IRR 0.984; 95% CI 0.943-
1.028) and 61% (IRR 0.390, 95% CI 0.375-0.406) for 
equivalent periods. Adjusting for the decline in the 
community, the reduction in the incident rates among 
HCW were 73% (IRR 0.272; 95% CI 0.164-0.451) after 
the first dose of the vaccine and 92 % (IRR 0.176, 95% 
CI 0.033-0.174;) after the second dose.  


27 Sansone et al (May 
13, 2021) 


Italy Impact HCW Alpha BNT162b2 Community cases increased during the study period 
while cases in vaccinated HCWs only minimally 
increased and then stabilized. 


26 White et al. 
(May 19, 2021) 


USA Impact LTCF Unknown BNT162b2 and  
mRNA-1273 


Evaluated an administrative database of a large LTCF 
company across USA. Evaluated 21,815 persons, .  80% 
Pfizer+20% Moderna; 60% 2 dose +24% 1 dose.  
Disease incidence goes down in 
vaccinated/unvaccinated.  


25 Munitz et al  
(May 18, 2021)  


Israel  Ecologic  Israeli Population  Alpha  BNT162b2 Evaluated the transmission dynamics of B.1.1.7(Alpha) 
variant and to study the impact of the national 
vaccination program on the general population and 
the elderly. The study analysed 292,268 RT-PCR 
samples collected from December 6,2020 to February 
10,2021.  In the first week of February, B.1.1.7 variant 
was the predominant variant identified in more than 
90% of the positive tests. The B.1.1.7 variant was 1.45 
more transmissible than the wild-type strain (95% 
confidence interval [CI]: 1.20–1.60). The effective 
reproduction number for B.1.1.7 was estimated to be 
1.71 (95% CI: 1.59– 1.85) compared with 1.12 (95% CI: 
1.10–1.15) observed for the wild-type. To evaluate the 
impact of preventive policies against the B.1.1.7 



https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7023e2-H.pdf
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variant, the authors stratified the distribution of new 
COVID-19 cases in different age groups. It was 
observed that an increase in the incidence of the 
variant was noted in the 60+ years aged group through 
January 13,2021, following which the incidence 
plateaued and subsequently declined, which coincided 
with the rapid uptake of vaccine in this age group. 


24 Domi et al  
(May 6,2021) 


USA Impact LTCF unknown BNT162b2 Evaluated data from 2501 nursing homes in the US in 
17 states.  Used zero-inflated negative binomial mixed 
effects regressions to model the associations of time 
since the vaccine clinic ending the week of December 
27, 2020 (cohort 1), January 3, 2021 (cohort 2) or 
January 10, 2021 (cohort 3) controlling for county rate 
of COVID-19, bed size, urban location, racial and ethnic 
census, and level of registered nurses with resident 
cases and deaths of COVID-19 and staff cases of 
COVID-19. Resident and staff cases trended downward 
in all three cohorts following the vaccine clinics. Time 
following the first clinic at five and six weeks was 
consistently associated with fewer resident cases (IRR: 
0.68 [95% CI: 0.54-0.84], IRR: 0.64 [95% CI: 0.48-0.86], 
respectively); resident deaths (IRR: 0.59 [95% CI: 0.45-
0.77], IRR: 0.45 [95% CI: 0.31-0.65], respectively); and 
staff cases (IRR: 0.64 [95% CI: 0.56-0.73], IRR: 0.51 
[95% CI: 0.42-0.62], respectively). Other factors 
associated with fewer resident and staff cases included 
facilities with less than 50 certified beds and high 
nurse staffing per resident day (>0.987). Contrary to 
prior research, higher Hispanic non-white resident 
census was associated with fewer resident cases (IRR: 
0.42, 95% CI: 0.31-0.56) and deaths (IRR: 0.18, 95% CI: 
0.12-0.27). 


23 Haas et al.  
(May 13, 2021) 


Israel Impact Israeli population Alpha¶ BNT162b2 Used national surveillance data from the first 112 days 
(Dec 20, 2020 ‒ Apr 10, 2021) of Israel’s vaccination 
campaign to estimate averted burden of four 
outcomes: SARS-CoV-2 infections and COVID-19-
related hospitalizations, severe or critical 
hospitalizations, and deaths. Estimated that Israel’s 
vaccination campaign averted 158,665 (95% CI: 
115,899‒201,431) SARS-CoV-2 infections, 24,597 
(6,622‒42,571) hospitalizations, 17,432 (3,065‒
31,799) severe and critical hospitalizations, and 5,533 
(-1,146‒12,213) deaths. Of these, 66% of 
hospitalizations and 91% of deaths averted were 
among those ≥65 years of age. 73% of SARS-CoV-2 
infections and 79% of COVID-19-related 
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hospitalizations and deaths averted stemmed from the 
protective effects in fully vaccinated persons.  


22 Rana et al. 
(May 11, 2021) 


Bangladesh Cross-sectional 11 districts in 
Bangladesh 


Unknown AZD1222 Cross-sectional study in 11 districts in Bangladesh. 
Offered voluntary testing. A total of 6146 suspected 
samples were tested and 1752 were found positive for 
SARS-CoV-2. Of the positives, 200 individuals had 
received a first dose of AZ. Among the vaccinated 
cases, 165 (82.5%) did not require hospitalization and 
177 (88.5%) did not have respiratory difficulties.  


21 Garvey et al.* 
(Apr 28, 2021)  


UK ecologic University Hospitals 
Birmingham (UHB) 
HCWs  


Alpha£ BNT162b2 An occupational health database of all COVID-19 
positive HCWs was interrogated against an informatics 
search of all vaccinated HCWs.   A multivariate logistic 
regression model found that being vaccinated was 
associated with a decreased probability of testing 
positive (p = 1.40 × 10−10, odds ratio 2.35, 95% CI: 1.81-
3.05). The model also found that the probability of 
testing positive decreases as the gap between 
vaccination and testing increases (p = 0.00607). A 
weighted cox regression demonstrated that 
vaccination was associated with a significantly lower 
hazard of testing positive during the time period in 
question (p < 0.0001). This model gave a generalized 
concordance probability of 0.24 (95% CI: 0.20, 0.28), 
meaning that a HCW who had been vaccinated had 
only a 24% probability of testing positive before an 
equivalent unvaccinated HCW. 


20 Ackland et al. 


(Apr 22, 2021) 


UK ecologic UK adults  Alpha^ BNT162b2, mRNA-


1273, AZD1222 


Used national data on cases and deaths to estimate 


CFR. Found that from the second half of January, the 


CFRs for older age groups show a marked decline. 


Since the fraction of the VOC has not decreased, this 


decline is likely to be the result of the rollout of 


vaccination. 


19 Lillie et al.* 
(Apr 24, 2021) 


UK ecologic Healthcare workers Alpha^ BNT162b2 Symptomatic staff underwent routine testing together 
with routine (asymptomatic) Lateral Flow Device (LFD) 
testing of all clinical staff.  Starting Jan 2021 827 (8.3%) 
of staff had received their first dose of vaccine, 
increasing to 8243 (82.5%) by the end of February. 
Cases of SARS-CoV-2 amongst staff reduced from 120 
cases to 10 cases over the same period.  


18 Rossman et al.* 


(Apr 19, 2021) 


Update to Feb 9 


preprint) 


Israel Impact Israeli population Alpha^ BNT162b2 Analysis of data from the Israeli Ministry of Health 


collected between 28 August 2020 and 24 February 


2021. Compared: (1) individuals aged 60 years and 


older prioritized to receive the vaccine first versus 


younger age groups; (2) the January lockdown versus 


the September lockdown; and (3) early-vaccinated 
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versus late-vaccinated cities. A larger and earlier 


decrease in COVID-19 cases and hospitalization was 


observed in individuals older than 60 years, followed 


by younger age groups, by the order of vaccination 


prioritization. This pattern was not observed in the 


previous lockdown and was more pronounced in early-


vaccinated cities. 


17 Mor et al.  
(Apr 16, 2021) 


USA Impact  80 nursing homes 
located across 21 
states. 


unknown BNT162b2 & 
mRNA-1273 


Matched pairs analysis of 280 nursing homes in 21 
states owned and operated by the largest long‐term 
care provider in the United States. Compared data 
from nursing homes that had their initial vaccine 
clinics between December 18, 2020 and January 2, 
2021, versus between January 3, 2021 and January 18, 
2021.  Outcomes were incident SARS‐CoV‐2 infections 
per 100 at‐risk residents per week and hospital 
transfers and/or deaths per 100 residents with 
confirmed SARS‐CoV‐2 infection per day, averaged 
over a week. Adjusted for facility infection rates in the 
fall. After 1 week, early vaccinated facilities had a 
predicted 2.5 fewer incident SARS‐CoV‐2 infections per 
100 at‐risk residents per week (95% CI: 1.2–4.0). 


16 Faria et al. 
(Apr 15, 2021)  


Brazil  Impact (model) HCWs in Sao Paulo Gamma^ CoronaVac HCWs in Hospital das Clinicas received vaccine before 
the general population of Sao Paulo. Using a period 
before vaccination, a Poisson regression was fit to 
model expected COVID-19 cases among HCWs based 
on the number of cases in Sao Paulo. Study then 
compared the expected number of cases among HCWs 
after vaccination (based on the model) to the observed 
numbers of cases in HCWs. The estimated 
effectiveness 2 and 3 weeks after the 2nd dose was 
50.7% and 51.8%, respectively, and increased over the 
next 2 weeks.  


15 PHE 
(Apr 8, 2021) 


UK Impact UK adults  Alpha^ BNT162b2 & 
mRNA-1273 


Daily impact of vaccination on deaths was estimated 
based on vaccine effectiveness against mortality 
multiplied by vaccine coverage. Observed deaths were 
then divided by the impact to estimate the expected 
deaths in the absence of vaccination. By the end of 
March 2021, they estimated that 9,100 deaths were 
averted in individuals aged 80 years and older, 1,200 in 
individuals aged 70 to 79, and 100 in individuals aged 
60 to 69 years giving a total of 10,400 deaths averted 
in individuals aged 60 years or older. 


14 Jones et al.  
(Apr 8, 2021) 


UK Ecologic Cambridge University 
healthcare workers 


Alpha^ BNT162b2 Screened vaccinated and unvaccinated HCWs for two 
weeks then compared proportion of positive tests in 
unvaccinated vs. vaccinated groups. Found four-fold 
decrease in risk of asymptomatic SARS-Cov-2 infection 
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among HCWs ≥12 days post-vaccination compared to 
unvaccinated HCWs.  


13 Rivkees et al. 
(Apr 7, 2021) 


US - FL Ecologic Florida population original and 


Alpha¥ 


BNT162b2 & 
mRNA-1273 


Ecologic analysis of vaccinations in Florida. Through 
March 15, 2021, 4,338,099 individuals received COVID-
19 vaccine, including 2,431,540 individuals who 
completed their vaccination series. Of all those 
vaccinated, 70% were 65 years of age and older, and 
63% of those 65 years of age and older. Beginning 
February 1, 2021, the decline in the number of new 
cases per week became greater in those 65 years of 
age and older than those younger. By March 15, 2021, 
the number of new cases, hospitalizations, and deaths 
per day for those 65 years of age and older relative to 
mid-January, were 82%, 80%, and 92% lower 
respectively. In comparison, the number of new cases, 
hospitalizations, and deaths per day for those younger 
than 65 years of age were 70%, 60%, and 87% lower 
respectively. Reductions in rates in those 65 year of 
age and older, were thus greater than in those who 
were younger (p-value <0.01, Wilcoxon test).  


12 Hollinghurst et al.  
(Mar 24, 2021) 


UK—Wales  Cohort (but no 
control) 


14,501 vaccinated 
older adult residents in 
a Wales care home 


original and 


Alpha£ 


BNT162b2 & 
AZD1222 


Observational data-linkage using electronic health 
records and administrative data. Developed a Cox 
proportional hazards models to estimate hazard ratios 
for the risk of testing positive for SARS-CoV-2 infection 
following vaccination. Outcome of interest was the 
time to a positive SARS-CoV-2 PCR test following 
vaccination. Kaplan-Meier curve and empirical 
cumulative distribution function suggest a susceptible 
period of vaccinated individuals up to 42 days, with 
approximately 40% of individuals having a positive PCR 
test within 7 days, 60% within 14-days, 85% within 21-
days, 90% within 28-days, and over 95% within 35-
days. 


11 Milman et al. 
(Jun 11, 2021) 
[Update to Mar 23 
preprint] 


Israel Ecologic  Maccabi Healthcare 
Services, 644,609 
individuals in 177 
communities 


original & 
Alpha¶ 


BNT162b2  Rates of vaccination in each community are highly 
correlated with a later decline in infections among a 
cohort of under 16 years old which are unvaccinated. 
These results provide observational evidence that 
vaccination not only protects individual vaccinees but 
also provides cross-protection to unvaccinated 
individuals in 
the community. 


10 Keehner et al. 
(Mar 23, 2021) 


US - CA Ecologic  Healthcare workers in 
the UCLA and UCSD 
systems 


original¥  BNT162b2 &  
mRNA-1273 


Among the vaccinated health care workers, 379 people 
tested positive for SARS-CoV-2 at least 1 day after 
vaccination, and the majority (71%) of these persons 
tested positive within the first 2 weeks after the first 
dose.  
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9 Daniel et al. (Mar 
23, 2021) 


US - TX Ecologic Healthcare workers 
from the UTSW 


original¥ BNT162b2 &  
mRNA-1273 


After vaccination, they observed a greater than 90% 
decrease in the number of employees who are either 
in isolation or quarantine. 


8 Benenson et al. 
(Mar 23, 2021) 


Israel Ecologic Healthcare workers at 
Hadassah Hebrew 
University Medical 
Center 


Alpha^ BNT162b2 Among vaccinated workers, the weekly incidence of 
COVID-19 since the first dose declined notably after 
the second week; the incidence of infection continued 
to decrease dramatically and then remained low after 
the fourth week. 


7 Roghani 
(Mar 17, 2021) 


US – TN Ecologic Residents of Tennessee original¥ BNT162b2 &  
mRNA-1273 


Between 12/17/20 and 3/3/21 found that the daily 
incidence among the entire population over 71 
dropped from 0.1% to 0.01% of the age group (90% 
reduction) while for younger ages incidence dropped 
from 0.2% to 0.05% (75% reduction). 


6 Puranik et al.  
(March 8, 2021) 


US Ecologic 87 million individuals 
from 580 counties in 
the United States 


original¥ BNT162b2 & 
mRNA-1273  


Compares the cumulative county-level vaccination 
rates with the corresponding COVID-19 incidence rates 
among 87 million individuals from 580 counties in the 
United States, including 12 million individuals who 
have received at least one vaccine dose. Found that 
cumulative county-level vaccination rate through 
March 1, 2021 is significantly associated with a 
concomitant decline in COVID-19, with stronger 
negative correlations in the Midwestern counties and 
Southern counties. 


5 Rinott et al (March 
8, 2021) 


Israel Ecologic Persons needing 
ventilation 


Orginal & 
alpha 


BNT162b2 The number of COVID-19 patients aged ≥70 years (who 
had the highest 2-dose vaccination coverage, 84.3%) 
requiring mechanical ventilation was compared with 
that of patients aged <50 years, who had the lowest 2-
dose vaccination coverage (9.9%). Since 
implementation of the second dose of the vaccination 
campaign, the ratio of COVID-19 patients requiring 
mechanical ventilation aged ≥70 years to those aged 
<50 years has declined 67%, from 5.8:1 during 
October–December 2020 to 1.9:1 in February 2021. 


4 De-Leon et al. 
(Feb 8, 2021) 


Israel Ecologic Modeling Israel population over 
60 years old 


original & 


Alpha¶ 


BNT162b2 Looked at whether the high vaccine coverage among 
individuals aged over 60 years old creates an 
observable change in disease dynamics using real and 
simulated data.  Based on model, vaccine is at least 
50% effective. 


3 CHPE-LTC 
(Feb 10, 2021) 


US - 
national 


Ecologic Residents of long term 
care facilities that 
received vaccine 
through the federal 
pharmacy partnership. 


original¥ BNT162b2 &  
mRNA-1273 


Three weeks after the first vaccine clinic the rates of 
new COVID-19 infection dropped more in the 797 SNFs 
that held vaccine clinic compared to those that did not 
in the same county (48% vs 21%, respectively). 


2 Dunbar et al. 
(Feb 10, 2021) 


US - VA Ecologic Healthcare workers in 
an academic hospital 


original¥ BNT162b2 &  
mRNA-1273 


After 60% of employees received the 1st vaccine dose, 
the HCW COVID-19 infection rate decreased by 50%. 
HCWs who were 14-28 days and > 28 days post-first 



https://www.nejm.org/doi/full/10.1056/NEJMc2102153

https://www.nejm.org/doi/full/10.1056/NEJMc2101951

https://www.medrxiv.org/content/10.1101/2021.03.16.21253767v1

https://www.medrxiv.org/content/10.1101/2021.03.05.21252946v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.02.02.21250630v1.full.pdf

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf

https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/impact-of-covid19-vaccination-program-on-healthcare-worker-infections-in-an-academic-hospital/ED4354C098E9DC1EF538E80F9C2510F7#authors-details
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#Includes studies published/posted up through Wednesday of current week.   
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 


¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports  


 
  


vaccine dose were less likely COVID-19 infected than 
non-vaccine recipients. 


1 Domi et al. 
(Feb 4, 2021)  


US Ecologic  LTCF residents and 
staff 


original¥ BNT162b2 & 
mRNA-1273 


Used CMS NHSN Public File data and Tiberius data and 
created an analytic cohort based on the schedule of 
the vaccination clinics taking place during the first 
week of the program (12/18/20 to 12/27/20). Created 
a comparison group, composed of facilities located in 
the same county that did not have a first vaccination 
clinic during that period. Found that COVID-19 cases 
decreased at a faster rate among both residents and 
staff associated with nursing homes that had 
completed their first clinic. Vaccinated nursing homes 
experienced a 48% decline in new resident cases three 
weeks after the first clinic, compared to a 21% decline 
among non-vaccinated nursing homes located in the 
same county. Similarly, new staff cases declined by 
33% in vaccinated nursing homes compared to 18% in 
non-vaccinated facilities. 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf
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5. Review Papers and Meta-analyses 


 
1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf 


2. https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2 


3. https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563 


4. https://www.nature.com/articles/s41577-021-00592-1 


5. https://www.cell.com/immunity/fulltext/S1074-7613(21)00303-4 


 
 
 


Please direct any questions about content to:  


• Anurima Baidya (abaidya1@jh.edu)  


• Karoline Walter (kwalte21@jhmi.edu) 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf

https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563

https://www.nature.com/articles/s41577-021-00592-1

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fimmunity%2Ffulltext%2FS1074-7613(21)00303-4&data=04%7C01%7Cmhigdon%40jhu.edu%7Ce7998abf90d045f64aa908d9614e997b%7C9fa4f438b1e6473b803f86f8aedf0dec%7C0%7C0%7C637647812486585148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=kFAdw6io3V3k8mHd%2F6VgQl2W5uJmUplaaJTq%2BuxHejI%3D&reserved=0

mailto:abaidya1@jh.edu

mailto:kwalte21@jhmi.edu
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Shyonna Johnson
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MMWRs 





*	Effectiveness of COVID-19 Vaccines in Preventing SARS-CoV-2 Infection Among Frontline Workers Before and During B.1.617.2 (Delta) Variant Predominance — Eight U.S. Locations, December 2020–August 2021. Link here. 


*	SARS-CoV-2 Infections and Hospitalizations Among Persons Aged ≥16 Years, by Vaccination Status — Los Angeles County, California, May 1–July 25, 2021. Link here.





CDC Resources   





Community





*	Contact Tracing Resources for Health Departments: CDC provides resources for conducting contact tracing to stop the spread of COVID-19.


*	How to Talk with Patients Who are Immunocompromised: CDC provides information for providers on discussing an additional dose of an mRNA COVID-19 vaccine with patients that are immunocompromised.


*	COVID-19 in Newly Resettled Refugee Populations: CDC offers guidance for refugees upon arrival in the US as well as information on how communities and providers can support resettled refugee populations during the COVID-19 pandemic.


*	Resources for Refugee Resettlement Service Providers: CDC provides guidance and other resources that may be useful when resettlement service providers interact with refugee clients in a variety of group settings. 





 





Science and Data





*	The Possibility of COVID-19 after Vaccination: Breakthrough Infections: CDC provides information on what is currently known about COVID-19 vaccine breakthrough infections. 


*	COVID-19 Delta Variant Resource Guide (attached): This resource package includes facts of what we know about the Delta variant, FAQs, visuals supporting the updated guidance, and a reference list of studies corroborating Delta infectiousness and disease severity for unvaccinated and vaccinated individuals.


*	COVID-19 Vaccine Booster Shot: CDC answers common questions about COVID-19 vaccine booster shots.


*	Investigation of Long-Term Effects of Myocarditis after mRNA COVID-19 Vaccination: Information on CDC’s investigation into reports of individuals developing myocarditis after receiving an mRNA COVID-19 vaccine. 


*	COVID-19 Science Update Edition 103: The latest science update includes information pertaining to detection, burden, impact, prevention, mitigation, and intervention strategies, and the social, behavioral, and communication science related to COVID-19.  


*	COVID-19 Vaccine Information for Specific Groups: Learn more about getting a vaccine for different groups including families and children, workers, and other groups such as older adults and people with underlying medical conditions.





Work and School





*	CDC Offers Health Tips for Back to School During COVID-19: CDC offers health tips that will make for a successful school year for students, teachers, school staff and their families.


*	CDC has developed a set of guidance documents to help families plan and prepare a safe return to school and work:





*	Community, Work, and School


*	Schools and Childcare Programs


*	Retirement & Shared Housing


*	Workplaces and Businesses





Upcoming Meetings





*	Helping Patients Access Pfizer Medicines During COVID-19 and Beyond: Thursday, August 26th, 2:00-3:00 PM ET, NACCHO will host a webinar with Pfizer RxPathways, about the disparities in the rates of uninsured and underinsured populations across diverse communities, as well as how eligible patients can enroll for assistance through the new online platform, PAP Connect. To register for this event, please click here. 


*	Advisory Committee on Immunization Practices (ACIP): Monday, August 30th, 10:00 AM – 4:30 PM EST, ACIP is hosting a virtual meeting on COVID-19 vaccines. The agenda for the meeting can be found here. To watch the live meeting webcast, please click here.  


*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 30th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. To register for this event, please click here. 





Additional Resources





*	National Adult and Influenza Immunization Summit (NAIIS) issued a call to action to increase vaccination coverage among U.S. adults.  


*	The Delta Variant: 5 Ways Communities can Protect People Experiencing Homelessness | U.S. Interagency Council on Homelessness


*	Communication Toolkit for Migrants, Refugees, and Other Limited-English-Proficient Populations


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -  Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   





 





References to non-CDC sites are provided as a service and do not constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL addresses listed were current as of the date of publication.
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What we know about the changing science of the Delta variant*



* This resource guide is current as of August 20, 2021



On July 27, 2021, CDC released updated guidance on the need for urgently increasing COVID-19 vaccination 
coverage and a recommendation for everyone in areas of substantial or high transmission to wear a mask in 
public indoor places, even if they are fully vaccinated. CDC issued this new guidance due to several concerning 
developments and newly emerging data signals.  First is a reversal in the downward trajectory of cases. 
In the days leading up to our guidance update, CDC saw a rapid and alarming rise in the COVID case and 
hospitalization rates around the country. 



 • In late June, our 7-day moving average of reported cases was around 12,000. On July 27, the 7-day 
moving average of cases reached over 60,000. This case rate looked more like the rate of cases we had seen 
before the vaccine was widely available.   



Second, new data began to emerge that the Delta variant was more infectious and was leading to increased 
transmissibility when compared to other variants, even in vaccinated individuals. This includes recently 
published data from CDC and our public health partners,  unpublished surveillance data that will be publicly 
available in the coming weeks, information included in CDC’s updated Science Brief on COVID-19 Vaccines 
and Vaccination, and ongoing outbreak investigations linked to the Delta variant. 



Delta is currently the predominant strain of the virus in the United States. Below is a high-level summary of 
what CDC scientists have recently learned about the Delta variant. More information will be made available 
when more data are published or released in other formats.   



The Delta variant causes more infections and spreads faster than early forms SARS-CoV-2



 • The Delta variant is more contagious: The Delta variant is highly contagious, nearly twice as 
contagious as previous variants. 



 • Some data suggest the Delta variant might cause more severe illness than previous strains  
in unvaccinated persons. In two different studies from Canada and Scotland, patients infected with  
the Delta variant were more likely to be hospitalized than patients infected with Alpha or the original 
virus strains.



 • Unvaccinated people remain the greatest concern: Although breakthrough infections happen much 
less often than infections in unvaccinated people, individuals infected with the Delta variant, including 
fully vaccinated people with symptomatic breakthrough infections, can transmit it to others. CDC is also 
continuing to assess data on whether fully vaccinated people with asymptomatic breakthrough infections 
can transmit. However, the greatest risk of transmission is among unvaccinated people who are much 
more likely to contract, and therefore transmit the virus. 



 • Fully vaccinated people with Delta variant breakthrough infections can spread the virus to 
others. However, vaccinated people appear to be infectious for a shorter period: Previous 
variants typically produced less virus in the body of infected fully vaccinated people (breakthrough 
infections) than in unvaccinated people. In contrast, the Delta variant seems to produce the same high 
amount of virus in both unvaccinated and fully vaccinated people. However, like other variants, the 
amount of virus produced by Delta breakthrough infections in fully vaccinated people also goes down 
faster than infections in unvaccinated people. This means fully vaccinated people are likely infectious for 
less time than unvaccinated people.



Vaccines in the US are highly effective, including against the Delta variant



 • The COVID-19 vaccines authorized in the United States are highly effective at preventing severe disease 
and death, including against the Delta variant. But they are not 100% effective and some fully vaccinated 
people will become infected (called a breakthrough infection) and experience illness. For such people, the 
vaccine still provides them strong protection against serious illness and death.





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
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* This resource guide is current as of August 20, 2021



Given what we know about the Delta variant, vaccine effectiveness, and current vaccine coverage, 
layered prevention strategies, such as wearing masks, are needed to reduce the transmission of 
this variant



 • At this time, as we build the level of vaccination nationwide, we must also use all the prevention 
strategies available, including masking indoors in public places, to stop transmission and stop  
the epidemic.



 • Vaccines are playing a crucial role in limiting spread of the virus and minimizing severe disease. Although 
vaccines are highly effective, they are not perfect and there will be vaccine breakthrough infections. 
Millions of Americans are vaccinated, and that number is growing. This means that even though the 
risk of breakthrough infections is low, there will be thousands of fully vaccinated people who become 
infected and able to infect others, especially with the surging spread of the Delta variant. Low vaccination 
coverage in many communities is driving the current rapid and large surge in cases associated with the 
Delta variant, which also increases the chances that even more concerning variants could emerge.
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Level of Community Transmission by County – June 2, 2021



Community Transmission Level (n=3,219)
High (315)
Substantial (553)
Moderate (1,735)
Low (616)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



Level of Community Transmission by County – July 6, 2021



Community Transmission Level (n=3,219)
High (435)
Substantial (344)
Moderate (1,376)
Low (1,064)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



* This resource guide is current as of August 20, 2021
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* This resource guide is current as of August 20, 2021



County Overall Level of Community Transmission– August 18, 2021



Total to Date Most Recent Day 7-Day Daily Average Week-On-Week Change



Cases 37,259,886 157,694 133,056 +14 .0%



Confirmed COVID 
Hospital Admissions



2,587,871 12,530 11,521 +14 .2%



Deaths 623,244 1,054 641 +10 .8%



Test Positivity 7.7% N/A 9.7% -1 .4 pct pts



 Note: Case and death are as of August 18, 2021; hospital data are as of August 17, 2021;  
and test positivity data are as of August 16, 2021. 



Level of Risk Low Moderate Substantial High



% of Countries
(7/27–8/2/2021)



3 .2%
0.9%



2 .0%
3.0%



8 .0%
5.9%



86 .8%
8.8%



Based on new cases per 100,000 persons and % positive tests during the last 7 days
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To stop Delta: CDC Recommends
 • Get vaccinated
 • Wear masks in public indoor settings in areas of substantial or high transmission
 • Wear masks in all K-12 schools



August 18, 2021
95% of counties in the U.S. have substantial or high transmission



* This resource guide is current as of August 20, 2021
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* This resource guide is current as of August 20, 2021



COVID-19 Case Rate (7-day rate per 100,000) versus  
Percent of State Population Fully Vaccinated, August 18, 2021
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Confirmed COVID-19 Hospital Admissions (as of August 18, 2021)
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Note: some case rates may be underestimated because of lags in reporting.  



Community Transmission Level (n=52)



      High (50)



      Substantial (2)



      Moderate (0)



      Low (0)





https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track


https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track
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Confirmed COVID-19 Hospital Admissions (rate per 100,000)



 • 52 jurisdictions report an increase in new hospital admissions with confirmed COVID-19, since June 25, 
2021.



 • Admission counts are currently highest in older age groups. However, since June 25, 2021, persons  
aged 40–49 years have had the largest increase in new admissions (+835%), followed by persons aged 
50–59 years (+703%).



US Estimated Proportions of Alpha and Delta Variants
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Frequently Asked Questions*



* This resource guide is current as of August 20, 2021



What changed from May 2021 when CDC said vaccinated people did not need 
to mask?



 • CDC issued updated guidance for fully vaccinated people on July 27, 2021 recommending that people 
who are vaccinated or unvaccinated and live in an area with substantial or high transmission of 
COVID-19, ,as well as their family and community, will be better protected by wearing a mask when in 
indoor public places. 



 • This change was due to several concerning developments and newly emerging patterns.  
 » New domestic data began to emerge that the Delta variant was more infectious and was leading 



to increased transmissibility, including transmissibility in some fully vaccinated people who 
experienced breakthrough infections.  In addition, through CDC’s long-standing partnerships with 
public health agencies in other countries, CDC was made aware of additional patterns of increased 
transmissibility with the Delta variant, and of laboratory markers of increased viral load in those 
infected. Some of these data have recently published and can be found in the reference page of this 
document. CDC will release additional data as it becomes available. 



 » CDC saw a rapid and alarming rise in the COVID case rate around the country.
• In late June 2021, our 7-day moving average of daily reported cases was below 12,000. On 



July 27, 2021, the 7-day moving average of daily reported cases surpassed 60,000 and was 
trending upward. This case rate looked more like the rate of cases we had seen before the 
vaccine was widely available, with cases primarily surging in areas with low vaccination 
coverage. It was also much higher than the daily case count average of about 37,000 that was 
reported in May 2021 when CDC revised the guidance for fully vaccinated individuals. 



 » New hospital admissions were steadily increasing nationally, with evidence of healthcare system 
strain in several states.



• Nationally, new hospital admissions reached a 7-day daily average of 5,505 on July 27, 2021 
exceeding the summer 2020 peak of 5,126. 



 • Even with the new information of increased transmissibility in those who are vaccinated, the majority of 
transmission, hospitalizations, and deaths related to COVID-19 are among the unvaccinated.



How is spread different with the Delta variant? 
 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 



outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • People infected with Delta are about two times more infectious to others than people infected with  
prior strains. 



 » These data come from several sources, some of which are published and some which are 
forthcoming:



• Information publicly posted by the U.K. (Investigation of SARS-CoV-2 variants of concern: 
technical briefings - GOV.UK (www.gov.uk)



• Papers that are currently undergoing peer-review and are posted on pre-print servers
• Data shared by partner countries that CDC expects to be published shortly. 
• Outbreak investigations, like the one in Barnstable County, Massachusetts
• Additional information can be found in the reference page of this document



 • Early data suggest that vaccinated people are infectious for a shorter period of time.



 What are the data supporting the updated guidance for fully vaccinated people?  
 • When CDC updated the guidance for fully vaccinated people, there was a mix of publicly available and not 



yet published data. Public health agencies are often tasked with making important and critical decisions 
for quick action, even when data are not fully published or finalized for release.  





https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
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* This resource guide is current as of August 20, 2021



 • The reference document in this resource provides a compilation of studies available to date. 
 • A science brief on the new guidance can be found here Science Brief: COVID-19 Vaccines and Vaccination 



(cdc.gov)
 • Transmission data found in the COVID Data Tracker: https://covid.cdc.gov/covid-data-



tracker/#datatracker-home. 



What is the possibility of breakthrough infection after vaccination with the 
Delta variant?



 • Breakthrough infections are expected. COVID-19 vaccines are effective at preventing most infections. 
But, like most vaccines, they are not 100% effective.



 • Fully vaccinated people with a breakthrough infection are less likely to develop serious illness than those 
who are unvaccinated and get COVID-19. 



 • Even when fully vaccinated people develop symptoms, they tend to be less severe symptoms. This means 
they are much less likely to be hospitalized or die than people who are not vaccinated.



 • People who get vaccine breakthrough infections can be contagious.
 • CDC is collecting data on vaccine breakthrough infections and closely monitors the safety and 



effectiveness of all Food and Drug Administration (FDA)-authorized COVID-19 vaccines. As the number 
of people who are fully vaccinated goes up, the number of breakthrough infections will also increase.  



 • New CDC data from multiple studies, all with data in the context of the Delta variant, make very clear 
that vaccine-induced protection against SARS-CoV-2 infection does begin to decrease over time, and in 
association with the dominance of the Delta variant, we are starting to see evidence of reduced protection 
against mild and moderate disease in certain populations. 



 • While we are seeing evidence of reduced protection against mild and moderate disease, protection against 
hospitalization and severe outcomes seems to be holding well.



 • Looking at all the data available, we are concerned that this protection against severe disease, 
hospitalization, and death could diminish in the months ahead, especially among those who were 
vaccinated during the earlier phases of the vaccination rollout. 



How is CDC ensuring that we know the prevalence and severity of  
breakthrough infections?   



 • CDC has multiple surveillance systems and on-going research studies to monitor the performance 
of vaccines in preventing infection, disease, hospitalization, and death.  CDC also collects data on 
breakthrough infections through outbreak investigations. Examples of CDC’s systems for monitoring 
performance of vaccines are listed in the table below. 



Outcome monitored Population monitored Monitoring system



Infection Long-term care facility residents NHSN



Symptomatic illness Healthcare providers and frontline workers HEROES



Hospitalization and deaths Hospitalized adults IVY



Hospitalization and deaths Hospitalized people (all ages) COVID-NET



Hospitalization and deaths Hospitalized people (all ages) VISION





https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/nhsn/ltc/covid19/index.html


https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm


https://www.cdc.gov/flu/vaccines-work/ivy.htm?web=1&wdLOR=c00736BBD-62E3-4C3E-9B35-67919E86936E


https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html


https://www.cdc.gov/vaccines/covid-19/downloads/vision-cohort-protocol-508.pdf
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 • One important system that CDC uses to track breakthrough infections is called COVID-NET (the 
Coronavirus Disease 2019 [COVID-19]-Associated Hospitalization Surveillance Network). This 
population-based surveillance system collects reports of lab-confirmed COVID-19-related hospitalizations 
in 99 counties in 14 states. COVID-NET covers approximately 10% of the U.S. population. Information on 
COVID-NET vaccine breakthrough data will be published as it becomes available.



 • When the United States began widespread COVID-19 vaccination, CDC put in place a system where state 
health departments could report COVID-19 breakthrough infections to CDC. After collecting data on 
thousands of infections, CDC changed the reporting system (on May 1, 2021) to improve data quality on 
breakthrough infections. CDC transitioned from monitoring all reported vaccine breakthrough infections 
to focus on those among people who are hospitalized or die. This shift helped maximize the quality of  
the data collected on infections of greatest clinical and public health importance. Currently, 49 states  
are reporting data, which helps provide a picture of the data from around the country. 



 • By monitoring breakthrough infections that result in hospitalization or death, CDC can focus  
on identifying:



 » Unusual patterns, such as trends in age or sex
 » The specific types or brands of vaccine involved
 » Underlying health conditions in these persons
 » Which SARS-CoV-2 variants are observed in persons who are hospitalized or who die 
 » Demographic cohorts (e.g., essential workers, health care workers, elderly)



 • Additional information on breakthrough infections will be updated and can be found at the following 
link https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/
breakthrough-cases.html 



What is the likelihood that the Delta variant could be transmitted by 
vaccinated individuals? 



 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 
outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • Previous variants typically produced less virus in the body of infected fully vaccinated people 
(breakthrough infections) than in unvaccinated people. 



 • In contrast, the Delta variant seems to produce the same high amount of virus in both unvaccinated and 
fully vaccinated people. 



 • However, like other variants, the amount of virus produced by Delta breakthrough infections in fully 
vaccinated people also goes down faster than infections in unvaccinated people. This means fully 
vaccinated people are likely infectious for less time than unvaccinated people. 



Do we need boosters?
 • On August 18, 2021, The Administration announced the development of a  plan to begin administering 



booster shots in the fall of 2021 subject to FDA conducting an independent evaluation and determination 
of the safety and effectiveness of a third dose of the Pfizer and Moderna mRNA vaccines and CDC’s 
Advisory Committee on Immunization Practices (ACIP) issuing booster dose recommendations based on 
a thorough review of the evidence.



 • As of August 13, 2021, an additional of COVID-19 vaccine is recommended for people with moderately to 
severely compromised immune systems after an initial two-dose vaccine series.



 » Emerging data suggest some people with moderately to severely compromised immune 
systems do not always build the same level of immunity compared to people who are not 
immunocompromised. In addition, in small studies, fully vaccinated immunocompromised 





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf
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people have accounted for a large proportion of hospitalized breakthrough cases (40-44%). 
Immunocompromised people who are infected with SARS CoV-2 are also more likely to transmit 
the virus to household contacts.



 » While people who are immunocompromised make up about 3% of the U.S. adult population, they 
are especially vulnerable to COVID-19 because they are more at risk of serious, prolonged illness. 
Included in CDC’s recommendation are people with a range of conditions, such as recipients of 
organ or stem cell transplants, people with advance or untreated HIV infection, active recipients 
of treatment for cancer, people who are taking some medications that weaken the immune system, 
and others. A full list of conditions can be found on CDC’s website. 



 • While vaccination is likely to increase protection in this population, even after vaccination, people who 
are immunocompromised should continue to follow current prevention measures (including wearing a 
mask, staying 6 feet apart from others they do not live with, and avoiding crowds and poorly ventilated 
indoor spaces) to protect themselves and those around them against COVID-19 until advised otherwise 
by their healthcare provider. 



What is the difference between “viral load” and infectiousness? 
 • For COVID-19, the viral load is the amount of virus detected in a nasal swab. When infection is 



diagnosed, this information can be used to make informed predictions about how infectious someone 
is, that is, how likely they are to transmit to others.  Higher viral loads generally correlate with higher 
degrees of infectiousness. 



With the Delta variant, are asymptomatic vaccinated cases just as infectious as 
unvaccinated cases, or is it only symptomatic vaccinated cases who have similar 
viral loads to unvaccinated cases?



 • Among unvaccinated people who get infected, current data suggests that those who remain  
asymptomatic make up about 30-40% of all infections. They tend to have lower viral burden but are  
still infectious to others.  



 • At this time, we do not yet know what fraction of Delta variant infections in unvaccinated and in 
vaccinated people occur and never cause symptoms.  



 • CDC is investigating that question with cluster investigations and special studies. Regardless, all people 
need to be aware that infection with SARS-CoV-2, the virus that causes COVID-19, can cause you to be 
infectious to others when you feel otherwise well and don’t have symptoms. 



What can Members of Congress do to help protect their constituents? 
 • With the Delta variant, getting vaccinated is more urgent than ever. 
 • As trusted voices in their communities, Members of Congress can reinforce:



 » The importance of all people who are eligible getting vaccinated as soon as possible to protect 
themselves and their loved ones from higher risk for hospitalization or death.  



 » In areas with substantial and high transmission, everyone (including fully vaccinated people) 
should wear a mask in public indoor settings to help prevent spread of Delta and protect others.



 • Vaccinations and adherence to infection control measures can stop the spread of this virus.
 • As Members consider future legislation, long-term sustainable funding for public infrastructure helps 



CDC, as well as our state and local partners, be more prepared for future pandemics. Click here to see how 
COVID supplemental funding has been provided to states and jurisdictions. 





https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/budget/fact-sheets/covid-19/funding/index.html
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Rapid Increase in Ivermectin Prescriptions and Reports of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat COVID-19





Summary
Ivermectin is a U.S. Food and Drug Administration (FDA)-approved prescription medication used to treat certain infections caused by internal and external parasites. When used as prescribed for approved indications, it is generally safe and well tolerated.





During the COVID-19 pandemic, ivermectin dispensing by retail pharmacies has increased, as has use of veterinary formulations available over the counter but not intended for human use. FDA has cautioned about the potential risks of use for prevention or treatment of COVID-19.





Ivermectin is not authorized or approved by FDA for prevention or treatment of COVID-19. The National Institutes of Health’s (NIH) COVID-19 Treatment Guidelines Panel has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19. ClinicalTrials.gov has listings of ongoing clinical trials that might provide more information about these hypothesized uses in the future.





Adverse effects associated with ivermectin misuse and overdose are increasing, as shown by a rise in calls to poison control centers reporting overdoses and more people experiencing adverse effects.





Background
The Centers for Disease Control and Prevention (CDC) confirmed with the American Association of Poison Control Centers (AAPCC) that human exposures and adverse effects associated with ivermectin reported to poison control centers have increased in 2021 compared to the pre-pandemic baseline. These reports include increased use of veterinary products not meant for human consumption. 





Ivermectin is a medication that is approved by FDA in oral formulations to treat onchocerciasis (river blindness) and intestinal strongyloidiasis. Topical formulations are used to treat head lice and rosacea. Ivermectin is also used in veterinary applications to prevent or treat internal and external parasitic infections in animals. When used in appropriate doses for approved indications, ivermectin is generally well tolerated. 





Clinical trials and observational studies to evaluate the use of ivermectin to prevent and treat COVID-19 in humans have yielded insufficient evidence for the NIH COVID-19 Treatment Guidelines Panel to recommend its use. Data from adequately sized, well-designed, and well-conducted clinical trials are needed to provide more specific, evidence-based guidance on the role of ivermectin in the treatment of COVID-19. 





A recent study examining trends in ivermectin dispensing from outpatient retail pharmacies in the United States during the COVID-19 pandemic showed an increase from an average of 3,600 prescriptions per week at the pre-pandemic baseline (March 16, 2019–March 13, 2020) to a peak of 39,000 prescriptions in the week ending on January 8, 2021.1 Since early July 2021, outpatient ivermectin dispensing has again begun to rapidly increase, reaching more than 88,000 prescriptions in the week ending August 13, 2021. This represents a 24-fold increase from the pre-pandemic baseline. (Figure)





Figure: Estimated number of outpatient ivermectin prescriptions dispensed from retail pharmacies — United States, March 16, 2019–August 13, 2021*





*Data are from the IQVIA National Prescription Audit Weekly (NPA Weekly) database. NPA Weekly collects data from a sample of approximately 48,900 U.S. retail pharmacies, representing 92% of all retail prescription activity. Ivermectin dispensed by mail order and long-term care pharmacies, prescriptions by veterinarians, and non-oral formulations were not included.
 





In 2021, poison control centers across the U.S. received a three-fold increase in the number of calls for human exposures to ivermectin in January 2021 compared to the pre-pandemic baseline. 
In July 2021, ivermectin calls have continued to sharply increase, to a five-fold increase from baseline. These reports are also associated with increased frequency of adverse effects and emergency department/hospital visits. 





In some cases, people have ingested ivermectin-containing products purchased without a prescription, including topical formulations and veterinary products. Veterinary formulations intended for use in large animals such as horses, sheep, and cattle (e.g., “sheep drench,” injection formulations, and “pour-on” products for cattle) can be highly concentrated and result in overdoses when used by humans. Animal products may also contain inactive ingredients that have not been evaluated for use in humans. People who take inappropriately high doses of ivermectin above FDA-recommended dosing may experience toxic effects. 





Clinical effects of ivermectin overdose include gastrointestinal symptoms such as nausea, vomiting, and diarrhea. Overdoses are associated with hypotension and neurologic effects such as decreased consciousness, confusion, hallucinations, seizures, coma, and death. Ivermectin may potentiate the effects of other drugs that cause central nervous system depression such as benzodiazepines and barbiturates.





Examples of recent significant adverse effects reported to U.S. poison control centers include the following:





*	An adult drank an injectable ivermectin formulation intended for use in cattle in an attempt to prevent COVID-19 infection. This patient presented to a hospital with confusion, drowsiness,  visual hallucinations, tachypnea, and tremors. The patient recovered after being hospitalized for nine days. 


*	An adult patient presented with altered mental status after taking ivermectin tablets of unknown strength purchased on the internet. The patient reportedly took five tablets a day for five days to treat COVID-19. The patient was disoriented and had difficulty answering questions and following commands. Symptoms improved with discontinuation of ivermectin after hospital admission.





Recommendations for Clinicians and Public Health Practitioners 





*	Be aware that ivermectin is not currently authorized or approved by FDA for treatment of COVID-19. NIH has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19.


*	Educate patients about the risks of using ivermectin without a prescription, or ingesting ivermectin formulations that are meant for external use or ivermectin-containing products formulated for veterinary use. 


*	Advise patients to immediately seek medical treatment if they have taken any ivermectin or ivermectin-containing products and are experiencing symptoms. Signs and symptoms of ivermectin toxicity include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, tachycardia, hypotension, visual hallucinations, altered mental status, confusion, loss of coordination and balance, central nervous system depression, and seizures. Ivermectin may increase sedative effects of other medications such as benzodiazepines and barbiturates. Call the poison control center hotline (1-800-222-1222) for medical management advice. 


*	Educate patients and the public to get vaccinated against COVID-19. COVID-19 vaccination is safe and the most effective means to prevent infection and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant.


*	Educate patients and the public to use COVID-19 prevention measures including wearing masks in indoor public places, physical distancing by staying at least six feet from other people who don’t live in the same household, avoiding crowds and poorly ventilated spaces, and frequent handwashing and use of hand sanitizer that contains at least 60 percent alcohol.





Recommendations for the Public





*	Be aware that currently, ivermectin has not been proven as a way to prevent or treat COVID-19.


*	Do not swallow ivermectin products that should be used on skin (e.g., lotions and creams) or are not meant for human use, such as veterinary ivermectin products.


*	Seek immediate medical attention or call the poison control center hotline (1-800-222-1222) for advice if you have taken ivermectin or a product that contains ivermectin and are having symptoms. Signs and symptoms include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, fast heart rate, and low blood pressure. Other severe nervous system effects have been reported, including tremors, seizures, hallucinations, confusion, loss of coordination and balance, decreased alertness, and coma.


*	Get vaccinated against COVID-19. COVID-19 vaccination is approved by FDA and is the safest and most effective way to prevent getting sick and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant. 


*	Protect yourself and others from getting sick with COVID-19. In addition to vaccination, wear masks in indoor public places, practice staying at least six feet from other people who don’t live in your household, avoid crowds and poorly ventilated spaces, and wash your hands often or use hand sanitizer that has at least 60 percent alcohol. 





 





For More Information 
NIH COVID-19 Treatment Ivermectin Guidelines





FDA Consumer Alert on Use of Ivermectin to Treat or Prevent COVID-19





FDA MedWatch Adverse Event Reporting program





CDC Coronavirus (COVID-19) website





U.S. Government Coronavirus (COVID-19) website 





American Association of Poison Control Centers





Press Release: American College of Medical Toxicology Reports Data on Adverse Effects and Toxicity from Unapproved Use of Ivermectin for the Prevention or Treatment of COVID-19





Treatments Your Healthcare Provider Might Recommend if You Are Sick
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide better neu-
tralization of some circulating variants than does natural infec-
tion (1,2), few real-world epidemiologic studies exist to support 
the benefit of vaccination for previously infected persons. This 
report details the findings of a case-control evaluation of the 
association between vaccination and SARS-CoV-2 reinfection 
in Kentucky during May–June 2021 among persons previously 
infected with SARS-CoV-2 in 2020. Kentucky residents who 
were not vaccinated had 2.34 times the odds of reinfection 
than those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 
with laboratory-confirmed SARS-CoV-2 infection in 2020 


and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 
vaccination series was not completed or the final dose was 


Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.



https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination
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https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf





PROOF P R O O F P R O O F P R O O F
Early Release


2 MMWR / August 6, 2021 / Vol. 70


received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
before reinfection, compared with 34.3% of controls (Table 2). 
Kentucky residents with previous infections who were unvac-
cinated had 2.34 times the odds of reinfection (OR = 2.34; 
95% CI = 1.58–3.47) compared with those who were fully 
vaccinated; partial vaccination was not significantly associated 
with reinfection (OR = 1.56; 95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


Reinfection with SARS-CoV-2 has been documented, 
but the scientific understanding of natural infection-derived 
immunity is still emerging (5). The duration of immunity 
resulting from natural infection, although not well under-
stood, is suspected to persist for ≥90 days in most persons.** 
The emergence of new variants might affect the duration of 
infection-acquired immunity, and laboratory studies have 
shown that sera from previously infected persons might offer 
weak or inconsistent responses against several variants of con-
cern (2,6). For example, a recent laboratory study found that 
sera collected from previously infected persons before they 
were vaccinated provided a relatively weaker, and in some cases 
absent, neutralization response to the B.1.351 (Beta) variant 
when compared with the original Wuhan-Hu-1 strain (1). Sera 
from the same persons after vaccination showed a heightened 
neutralization response to the Beta variant, suggesting that 
vaccination enhances the immune response even to a variant 
to which the infected person had not been previously exposed. 
Although such laboratory evidence continues to suggest that 
vaccination provides improved neutralization of SARS-CoV-2 
variants, limited evidence in real-world settings to date cor-
roborates the findings that vaccination can provide improved 
protection for previously infected persons. The findings from 
this study suggest that among previously infected persons, full 
vaccination was associated with reduced likelihood of reinfec-
tion, and, conversely, being unvaccinated is associated with 
higher likelihood of being reinfected.


The lack of a significant association with partial versus 
full vaccination should be interpreted with caution given the 
small numbers of partially vaccinated persons included in the 
analysis (6.9% of case-patients and 7.9% of controls), which 
limited statistical power. Although not statistically significant, 
the finding is suggestive of a decreased risk when compared to 
no vaccine and consistent with findings from previous studies 
indicating higher titers after the first mRNA vaccine dose in 
persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus from 
the first infection. Although in some cases the repeat positive 
test could be indicative of prolonged viral shedding or failure 
to clear the initial viral infection (9), given the time between 
initial and subsequent positive molecular tests (≥5 months), 
reinfection is the most likely explanation. Second, persons 
who have been vaccinated are possibly less likely to get tested. 
Therefore, the association of reinfection and lack of vaccination 
might be overestimated. Third, vaccine doses administered at 
federal or out-of-state sites are not typically entered in KYIR, 
so vaccination data are possibly missing for some persons in 


 ¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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these analyses. In addition, inconsistencies in name and date 
of birth between KYIR and NEDSS might limit ability to 
match the two databases. Because case investigations include 
questions regarding vaccination, and KYIR might be updated 
during the case investigation process, vaccination data might 
be more likely to be missing for controls. Thus, the OR might 
be even more favorable for vaccination. Fourth, although case-
patients and controls were matched based on age, sex, and 
date of initial infection, other unknown confounders might 
be present. Finally, this is a retrospective study design using 
data from a single state during a 2-month period; therefore, 
these findings cannot be used to infer causation. Additional 
prospective studies with larger populations are warranted to 
support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.
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Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
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May 2 (0.8) 2 (0.4)
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August 8 (3.3) 13 (2.6)
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October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.



https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html

https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html

https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-information.html

https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-information.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-vaccine-data.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-vaccine-data.html

https://www.cdc.gov/nchs/nvss/bridged_race.htm





Early Release


MMWR / August 6, 2021 / Vol. 70 3


of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network.
* COVID-NET data included in this analysis were from the following states: California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, New Mexico, 


New York, Ohio, Oregon, Tennessee, and Utah.







Early Release


MMWR / August 6, 2021 / Vol. 70 5


occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.


All authors have completed and submitted the International 
Committee of Medical Journal Editors form for disclosure of 
potential conflicts of interest. Wendy Bamberg reports receipt of 



mailto:rachel.herlihy@state.co.us





Early Release


4 MMWR / August 6, 2021 / Vol. 70


FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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Here are the track changes of manuscript.  I sent revised table 3 earlier.  I am not going to submit
Supplementary Figure.  Instead, I will submit manuscript and 3 tables unless anyone opposes that
plan. 
 
I am working to revise the tables and will send them off to OS review.
 
Thanks!
Alyson
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): OK

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): ok

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)*† reported in to the Kentucky’s National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020  and who rwho were not reinfected,emained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: Re-ordered

Vaccination status was determined using data from the Kentucky Immunization Rregistry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series not complete at least ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Capitalized	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I believe the edit clarifies that if one dose was received (regardless of vaccine brand) but it wasn't complete 14 days it would fall into partial vaccination

An oodds ratios and confidence intervals were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; significance was defined at a threshold of =0.05.. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.34% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free fromwere not reinfectedion hadwere 2.23 times the oddsas likely (95% CI = 1.51–3.28) toof being be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. and unvaccinated, those not reinfected had odds of being fully vaccinated were 2.34 times the odds as high (95% CI = 1.586 –3.47)  of having been fully vaccinated compared with the reinfection cases. among those who remained free of reinfection compared with those reinfected. Partial versus no vaccination was not significantly associated with remaining free of reinfectionion compared with  no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: First infection date was used.  Those reinfected prior to May were excluded. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 3.28 is correct.  Table was corrected	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 1.58 is correct.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for DiseaseA Control and Prevention (CDC) dvisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Thank you for this suggestion

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (79). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,96,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection  relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least fiveour limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between of vfull vaccination with reduced likelihood of reinfection and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Added this at the end - combining with limitations that this is retrospective study design.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. PPersons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 




Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.

1Epidemic Intelligence Service, CDC; 2Kentucky Department for Public Health; 3Division of Healthcare Quality Promotion, National Center for Emerging and Zoonotic Infectious Diseases, CDC. 4CEFO Program, Division of State and Local Readiness, Center for Preparedness and Response, CDC 
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* https://covid.cdc.gov/covid-data-tracker/#vaccinationshttps://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

†  HYPERLINK "https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html" https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† HYPERLINK "https://covid.cdc.gov/covid-data-tracker/#variant-proportions" https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ HYPERLINK "https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/" https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected.vaccination status of those reinfected in May through June 2021 were compared to those not reinfected.  OOdds of being fully vaccinated (versus being unvaccinated) wereas 2.34 times as highhigher in the group of previously infected persons who were notremained free from reinfectedion in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: COI_disclosure forms - due COB Monday
Date: Saturday, July 31, 2021 8:30:17 AM
Attachments: coi_disclosure.docx

Good morning all,
 
Each author will need to complete a conflict of interest form for the upcoming MMWR. I am
attaching the ICMJE conflict of interest form.  If you have no conflicts of interest, please make sure
that every box is marked none.  There is also a question at the end that would need to be marked.
 
I added the manuscript title.  There is no number assigned yet so please leave it blank.
 
Please complete this and return it to me by Monday 8/2 at the latest.

Thank you all !
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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original message.
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Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information
Early MMWRs - Vol. 70, No. 31 [Attachments, Links]

The August 6 edition of CDC’s Morbidity and Mortality Weekly Report (MMWR)
includes the following COVID-related articles:

Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant —
Mesa County, Colorado, April–June 2021COVID-19 Vaccine Administration, by
Race and Ethnicity — North Carolina, December 14, 2020–April 6, 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination —
Kentucky, May–June 2021
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults
Aged ≥65 Years — 13 states, COVID-NET, February–April 2021

New CDC Study: Vaccination Offers Higher Protection than Previous COVID-19 Infection [Link] 
In response to today’s MMWR on post-vaccination COVID-19 infection rates (linked
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Centers for Disease Control and Prevention


Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
Descents. No other potential conflicts of interest were disclosed.
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Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network.
* COVID-NET data included in this analysis were from the following states: California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, New Mexico, 


New York, Ohio, Oregon, Tennessee, and Utah.
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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Background


• $700M made available through American Rescue Plan Act of 2021


• Project period: August 1, 2021 – July 31, 2024 (36 months)


• All 64 ELC recipients to respond to COVID-19 in confinement facilities*


• *Defined as adult prisons and jails; juvenile confinement facilities; police lock-ups; and 
community confinement facilities


• Award formula = recipient’s incarcerated population 


total national incarcerated population



https://ecfr.io/Title-28/Section-115.5





Purpose


• From March to June 2020, 11% of COVID tests in jails were positive


• By December 2020, state & federal prisoners’ COVID positivity rate was four 
times higher than the general population


• As facilities now open for visitors and service/care providers, mitigation of 
new transmission of COVID must be addressed



http://go.usa.gov/xFgcj

https://tinyurl.com/bb4shct5





Required Activity


1. Assist confinement facilities in establishing and 
implementing COVID diagnostic and screening testing 
programs for residents / detainees / inmates, staff, and 
visitors







Optional Activities


• Conduct COVID-19 testing and contact tracing within 
confinement facilities.


• Support facilities in planning and implementing 
recommended isolation and quarantine strategies including 
for confirmed and suspected cases and close contacts.


• Implement distancing policies and support staff training to 
maintain distancing practices.


• Support staffing strategies that reduce the risk of virus 
transmission (e.g., organize staff assignments so that the 
same staff are assigned to the same areas of the facility over 
time).


• Support transportation policies and practices consistent with 
recommendations to reduce transmission.


• Implement visitor policies consistent with recommendations to 
reduce virus risk.


• Implementation of infection control practices inside facilities.


• Develop and implement procedures and systems to improve 
confinement facility preparedness and response efforts.


• Coordinate preparedness and response efforts with state, 
local, tribal, and territorial public health departments 
to prevent, prepare for, and respond to COVID-19 within 
confinement facilities.


• Enhance/improve the practices of confinement facilities to 
mitigate the spread of COVID-19, and to reduce the risk of 
virus transmission and exposure to environmental health 
hazards.







Optional Activities (continued)


• Purchase of additional supplies to sanitize and clean the confinement facilities. Funding must not supplant 
existing expenditures on such supplies and can only be used to support enhanced cleaning efforts.


• Educate and train confinement facility staff and residents/detainees/inmates on sanitation and minimizing the 
spread of infectious diseases.


• Implement COVID-19 mitigation practices to minimize potential opportunities for exposure including video 
conferencing technology and other measures for attorney/client purposes, court appearances, family visiting, 
and programming.


• Based on state and local laws and regulations, and training and technical assistance provided by the DOJ, review 
and analyze policies and practices and implement policy and practice changes to safely reduce populations in 
confinement facilities to mitigate the spread of COVID-19. This could include creating policies and practices that 
may divert individuals from confinement, determine the optimal population for the facility given physical 
plant/structure and public health guidelines, and the revision of appropriate release practices. The DOJ will 
make training and technical assistance available to grantees to help ensure these activities comport with state 
and local laws and evidence-based practices and are administered solely by state and local correctional agencies.







Technical Assistance


• CDC guidance on the Management of COVID-19 in Correctional and Detention Facilities


• ELC as a source of regular program management and oversight support


• Bureau of Justice Assistance as a source of support with:


• Technical assistance during workplan development, upon request


• Workplans and budgets review alongside ELC team


• Technical assistance during implementation, upon request


• BJA hiring designated term position to assist recipients and their health departments



http://go.usa.gov/xFgcK
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Allowable Costs (See guidance for full listing)


• Personnel (term, temporary, students, overtime, 
consultant and/or contract staff, etc.) related to testing 
and mitigation efforts.


• Laboratory equipment used for COVID-19 testing and 
necessary maintenance contracts.


• Collection supplies, test kits, reagents, consumables, 
and other necessary supplies for existing or new 
screening testing or onboarding new platforms to 
support testing.


• Personal Protective Equipment (PPE) (e.g., masks, 
gloves, gowns) for those collecting samples and/or 
conducting testing.


• Hardware and software necessary for reporting to public 
health and communication and coordination of follow 
up on any positive cases detected.


• Testing & mitigation effort outreach expenses


• Resident, inmate, or detainee needs resulting from 
COVID-19-related restricted access to and/or limited 
mobility within the facility


• Includes communication access to/by family, legal 
representation, & service providers







Grants Management - Budget


• Funds will be awarded


• In the Project E: Emerging Issues tab of the ELC budget workbook


• On line 'E.1_O1' in the ‘Other’ cost category section


• At time of NOA issuance, funds will be accessible in the Payment Management System 
(PMS) and can be used, in accordance with guidance, during the 90-day period for 
preparing the workplan & budget.







Grants Management – Budget (continued)
• Within 90 days of receiving the NOA, submit your 'Budget Revision Amendment' in GrantSolutions. Your 


Amendment must include:


• Revised budget using the ELC budget workbook that was provided in GrantSolutions as a Grant Note


• Budget Information SF-424A using the form generated by ELC budget workbook or a PDF – not the e-
form in GrantSolutions


• Cover letter signed by the Authorized Official of record


• If a recipient does not have written approval for an extension from CDC and misses the 90-day deadline for 
workplan and revised budget submission, their PMS account may be restricted.







Reminder - SF-424A
• Do not use the hyperlink for the SF-424A in GrantSolutions as it 


creates issues for award processing.


• ELC budget workbook
1. Use the ‘SF-424A’ button on the ‘Menu’ page to generate.
2. Go to the ‘SF-424A’ tab.
3. Print the tab as a PDF.
4. Upload in GrantSolutions under the


‘SF-424A’ in the amendment submission section.


Note: clicking the ‘refresh and generate reports’ button in Excel will 
create reports of all worksheets. Follow steps 1-4 here to generate a 
report for only this budget worksheet. 







Grants Management - Workplan


• Within 90 days of receiving the NOA, submit your workplan into REDCap’s 
‘Detection & Mitigation of COVID-19 in Confinement Facilities’ portal.


• A letter signed by all ELC Governance Team members indicating that they 
have each contributed to and agreed upon the workplan and revised budget 
must be submitted in REDCap.


• Reminder: 1 required activity and up to 14 optional activities







Reporting Requirements


Authorized Official’s signed Acknowledgement of Guidance 
letter through a GrantSolutions Grant Note 


Due 5 days after NOA is received


Financial reporting Due the 5th of each month, starting October 5th


Any applicable performance measures TBD


Workplan, revised budget, & agreement letter signed by all 
ELC Governance Team members


Due 90 days after NOA is received, likely mid-
November


Quarterly workplan/milestone progress reporting Due quarterly, starting January 31st







Questions & Answers
Webinar recording and slides will be sent tomorrow, August 6th







Weekly Office Hours


To address recipients’ questions and provide regular technical assistance, the DOJ and ELC 
will cohost weekly Office Hours. 


Office hours will be held each Thursday, 4:00-5:00pm ET, August 26 through Thursday, 
September 23.


A recurring calendar invitation to these optional Office Hours will be sent from the ELC 
mailbox. Please not these Office Hours are intended for ELC recipients only. 
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Detection & Mitigation of COVID-19 in Confinement Facilities 


Webinar Q&A Summary 
 


If you’d like to listen to our full Q&A session, it begins at the 23-minute mark of the webinar recording.  
 
The ELC will be providing funding directly to its 64 recipients. These recipients (i.e., state, large local, and territorial and 
freely associated state health departments) will then develop workplans and budgets that address the needs of their 
own jurisdictions’ state, tribal, or locality’s correctional and confinement facility’s needs. Federal confinement facilities 
are not eligible to receive financial or programmatic support under this supplement. 


The project period is August 1, 2021 – July 31, 2024. 85% of the total funding a recipient receives must go towards direct 
financial support for COVID-19 detection & mitigation efforts in confinement facilities (defined as any of these facilities), 
which also includes staffing to support supplement activities whether in the health department or confinement facility. 
15% of the total funding a recipient receives must go towards expenses associated with reporting, managing, and other 
associated costs in launching and maintaining efforts under this supplement.  


It is each ELC recipient’s discretion how they prioritize selecting, distributing funding, and engaging with specific 
stakeholders (including state associations of counties, departments of corrections, state sheriff’s associations, etc.); 
confinement facilities (defined as any of these facilities), and populations; the guidance does require, however, that 
recipients strive to support the largest extent of eligible confinement facilities as possible in their jurisdiction. The 
Department of Justice is available to provide technical assistance and support as recipients make these decisions.  


 
Examples of costs that would be in scope for this 


award,  
as asked about during the webinar: 


• Hiring of infection prevention coordinators 
within confinement facilities 


• Gloves, masks, gowns, and other PPE for those 
collecting samples/conducting testing 


• Financial support to organizations that provide 
guidance and oversight to county detention 
facilities, 


• Personnel to conduct testing or collect samples 
• Ventilation upgrades that support the 


mitigation and prevention of COVID in 
confinement facilities 


• Interoperable data systems for surveillance of 
testing efforts 


• Telehealth systems to mitigate restricted access 
to and/or limited mobility within facilities, 
including communication access to/by family, 
legal representation, & service providers 


Examples of costs that would be out of scope for 
this award,  


as asked about during the webinar: 
• Sick leave and/or personal time off required of 


confinement facility staff after exposure to a 
suspected or confirmed COVID case 


• Direct incentives (e.g., monetary gift) to 
increase testing in confinement facilities 


• Any costs to support isolation and/or 
quarantine of staff and/or residents of 
confinement facilities (including but not limited 
to food, paid leave, bill payment, medical 
supplies, etc.) 


• Anti-human trafficking efforts, including but not 
limited to safe houses 


• Clinical services of any kind, including 
administering vaccines and providing medical 
care 


 
Additional examples of allowable costs can be found in the supplement’s guidance. Where activities or costs overlap 
with other existing ELC supplements, workplans and budgets must clearly state how they are not duplicative (e.g., if 
including whole genome sequencing under this supplement, the recipient must provide evidence of how this does not 
duplicate ELC AMD Sequencing and Analytics activities). Spending can begin as soon as NOAs are granted.  
 
Please contact your ELC Project Officer, the ELC mailbox (elc@cdc.gov) with any questions, concerns, or requests for 
technical assistance from the Department of Justice.  



https://ecfr.io/Title-28/Section-115.5

https://ecfr.io/Title-28/Section-115.5
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DETECTION AND MITIGATION OF COVID-19 IN CONFINEMENT FACILITIES 
WEBINAR TRANSCRIPT  
 
 
Cameron Warner: Today, we will be discussing the newest supplemental award administered through the ELC, 
Detection and Mitigation of COVID-19 in Confinement Facilities. This effort really represents a partnership 
between HHS and the Department of Justice that we hope will provide much needed support to confinement 
facilities. I want to thank our colleague and SMEs from the Department of Justice that are on the line for joining 
in particular Ruby Qazilbash. She's been a great partner to work with already. 
 
Cameron Warner: I'll turn things over to her to cover the background and purpose of the funding and the 
activities and technical assistance. Then she'll turn it over to Jason for reporting requirements and grants 
management. Of course, we will also have time at the end for questions. Without further ado, here's Ruby. 
 
 
Ruby Qazilbash: Thanks so much Cameron and Angelica. Good afternoon everyone Thank you so much for 
joining us. Today, perhaps you're joining today, or perhaps you're listening or watching a recording afterwards 
day today, which is Thursday August 5. 
 
 
Ruby Qazilbash: It was recently announced, and why you're tuning in, by the White House that CDC is making 
$700 million available through the American Rescue Plan Act. And this is to respond specifically to the 
disproportionate impact of on the nation's confinement facilities. These funds are awarded, as you know, to the 
64 current ELC cooperative agreement recipients. For those on today's webinar - or listening after the fact, 
who are not current recipients - ELC is the Epidemiology and Laboratory Capacity for Prevention and Control 
of Emerging Infectious Diseases Program. At the CDC the 64 current ELC cooperative agreement recipients 
are the public health authorities in the states, the territories, District of Columbia, and the eight most populous 
U.S. local jurisdictions. And important to note that the formula for determining the allocation for these funds per 
recipient was determined by the recipient share of the total national custodial or incarcerated population. 
 
 
Ruby Qazilbash: And then, with regard to confinement facilities, how are we defining them or what do we rely 
on? The guidance sites title 28 section 115.5 for the definition of confinement facilities and it includes adult 
prisons and jails, juvenile confinement facilities, police lockups, and community confinement facilities. But the 
guidance also really importantly outlines that state recipients must support units of local government within 
their jurisdiction to reach the fullest complement of confinement facilities within the state. In order to do that, 
cooperative agreement recipients of these funds will need to determine the best strategy. We hope to provide 
support for that. As we see it, this could include the recipient partnering with their public safety authority or 
state administering agencies - those are designated by the nation's governors and the states and territories; a 
component of the governor's or the mayor's office; a freestanding criminal justice planning entity; or a division 
of the state’s department of public safety. At the local level, criminal justice coordinating Councils might be the 
appropriate or an appropriate partnering authority. 
 
 
Ruby Qazilbash: We really want to get up the purpose, and I'd like to say, on behalf of the Department of 
Justice, and specifically the Bureau of justice assistance, that we're really honored to be a partner of the ELC 
program at the CDC on this effort. We have seen the disproportionate impact of COVID on the nation's 
confinement facilities. From March to June of 2020, 11% of covert tests in jails were positive. By December of 
2020, state and federal prisoners’ COVID positivity rate was four times higher than that of the general US 
population. Detainees -- residences of confinement facilities have been heavily impacted, our public safety staff 
who work in confinement facilities have been heavily impacted. These are congregate settings that we're 
talking about. Most of them, jails, prisons, community confinement facilities, juvenile detention facilities, these 
are 24-hour environments, with people living in them and people working all three shifts to staff them. As 
COVID entered and moved through facilities, leadership and staff implemented protocols, including testing 
upon booking, quarantining prior to entry into the general facility population, separating individuals that tested 
positive. 







 
Ruby Qazilbash: Many facilities that didn't already have strong partnerships with public health authorities 
learned to work together pretty quickly to test, to track, to report, to coordinate vaccine distribution when 
vaccines became available… All working to keep people safe. There was immense impact on the daily 
operations of these facilities, both for people living in them, and certainly for people working in them. For many, 
there was a stop to a lot of things - to visitors, in-person programming, in-person court appearances. For many, 
there was extreme limitation on movement within facilities to keep people safe. So as facilities are now 
beginning to open back up again to visitors, to service and care providers, mitigation of new transmission of 
COVID has really got to be addressed and that is what the intention is of this funding. 
 
 
Ruby Qazilbash: It's really important to note that, under this guidance, there is one required activity and 14 
optional activities that are outlined within the guidance. All activities pertain to COVID-19 detection and 
mitigation. The funds do not support vaccinations or clinical care. The, as listed here, the required activity is to 
assist confinement facilities in establishing and implementing COVID diagnostic and screening testing 
programs for the people who live, work, and visit these facilities. 
 
 
Ruby Qazilbash: The first set of optional activities include conducting COVID-19 testing and contact tracing, 
supporting facilities in planning and implementing recommended isolation and quarantine strategies, 
implementing distancing policies and training staff on them, supporting staffing transportation and visiting 
strategies that reduce the risk of virus transmission, implementation of infection control practices inside the 
facilities and coordinating those preparedness and response efforts with the relevant state, local, tribal, or 
territorial public health departments, and enhancing and improving the practices of confinement facilities to 
mitigate the spread of COVID. There are other optional activities that really have more to do with mitigation, I 
would say: purchase of additional supplies around sanitizing and cleaning, educating and training staff - as well 
as residents/detainees -on sanitation. We’re interested to see the plans that you all come up with, but some 
ideas that we've listed here are ways that you can implement mitigation practices to minimize potential 
opportunities for exposure. That could mean implementation of technology to make things that need to happen 
able to happen, such as measures for attorney client purposes for court appearances, to facilitate family and 
other visiting, as well as programming, that's really taken a hit during the lockdown and facilities. Lastly here, 
importantly, recommendations from the national academies of sciences special report: jurisdictions can 
implement mitigation strategies that reduce the size of the population in custody and part as a way to achieve 
greater physical distance between individuals within facilities. And this can include creating and implementing 
policies and practices that may divert people from confinement, to determine and take strategies to determine 
the optimal population for the facility given its particular physical plant or structure and the current public health 
guidelines locally, and then revising release practices to achieve a reduction in the number of people confined 
within those facilities. It's important to know that this last option will obviously need to take state and local laws 
and regulations into account. 
  
 
Ruby Qazilbash: With regard to technical assistance, we want to make a distinction of where and from whom 
recipients and sub recipients will and can receive it. So, as these are CDC awards, ELC will continue as the 
source or regular program management and oversight, so including compliance with terms and conditions, the 
award fiscal performance, and programmatic oversight. The Bureau of Justice Assistance is for the provision of 
technical assistance: to do things like help inform partnerships to ensure that the funds get to the confinement 
facilities that they're intended to reach as expeditiously as possible. We'll also review work plans and budgets, 
alongside the ELC team, and will provide ongoing technical assistance during implementation. I’m going to 
pass the baton to Dr. Jason Snow, who's going to review those allowable costs and then other aspects of 
grants management for these awards. 
 
 
Jason Snow: Thank you very much. Ruby. Good afternoon, this is Jason Snow. I’m the ELC Program 
Manager. The ELC, in coordination with our colleagues in the Office of Grants Services, are completing a 
process this week of finalizing our End of Year - also referred to EOY - notice of awards. Awards have already 
started going out today, and they will continue on a rolling basis through the first part of next week. As in prior 







years, our End of Year awards are made up using fallout funds from various programs and projects under the 
ELC, to augment funds that were previously provided in the last month in the budget period three funding. Part 
of the end of your awards this year consist of special COVID funds to support two different projects. The first 
project is this one, the Detection and Mitigation of COVID-19 in Confinement Facilities award. The second 
project that you will find in your budget is going to be the Accelerating Data Modernization in Jurisdictions 
award, which was issued under the project C2 Data Modernization tab of the ELC budget workbook. There's a 
separate webinar scheduled for next Wednesday August 11 at 3pm which will cover that particular award in 
more detail. 
 
 
Jason Snow: In the guidance document on pages two and three, you will find a listing of allowable costs. This 
slide contains some, but not all, the costs listed in the guidance. As you develop your work plan and budget, 
common allowable costs would likely include hiring staff or supporting the reallocation of existing staff to 
conduct testing and or overseeing mitigation efforts. For mitigation efforts, please ensure the details are 
included in the work plan and in the budget justification section. This is a broad category and not all possible 
mitigation strategies might be within scope for this particular award. Laboratory equipment is another likely cost 
to include in the budget. However, if a similar piece of equipment was included in a prior ELC budget, such as 
in enhancing detection and enhancing detection expansion, or the recently awarded reopening schools award, 
please indicate in the budget justification for this award how the lab equipment request differs and does not 
duplicate from prior requests. With the hardware and software necessary for reporting positive cases to public 
health and related follow up. Please keep in mind that a strong budget justification in this area would 
incorporate how these lab systems and health information system enhancements will assess, not only for the 
immediate COVID response, but for ongoing public health surveillance. Additionally, details around how these 
systems would ensure capture and transmission of key data elements such as race and ethnicity, are 
important to include. Similar to the comment made about staffing for costs around testing and mitigation 
outreach expenses, please specify the mitigation efforts that will be addressed when completing the budget 
justification for these associated costs. Included in the outreach category could be items such as health 
communications and educational efforts that are tailored for residence inmates, detainees, correctional officers, 
other facility staff, as well as family members and other visitors. The last item on this list pertains to residents 
and maintaining needs resulting from restricted access due to COVID-19. Should questions arise around 
possible associated costs, please feel free to reach out to your ELC project officer, who can connect you to the 
appropriate DOJ subject matter expert as well as for determination if the request would be in scope. 
 
 
Jason Snow: For the Detection and Mitigation of COVID-19 in Confinement Facilities award, you will find the 
awarded amount under your project the emerging issues tab in the ELC budget workbook. When the end of 
year notices of awards are issued and released, your ELC project officer will release the associated grant note 
in GrantSolutions. It will be in this grant note that you will find your budget workbook, which is an excel file, 
along with the ELC funding spreadsheet, which shows the various sources across categories that are pertinent 
to the end of year funding. Once the award is released and issued, the entirety of this award will be made 
available to the recipients in the payment management system for immediate use. As with prior ELC awards, 
please note that funds must be used in accordance with the guidance. Any questions about if a cost is within 
scope should be directed to your ELC project officer to ensure that funds are being used appropriately and will 
not end up having to be paid back from non-federal sources at a later date. 
 
 
Jason Snow: On July 27, CDC published the guidance for this award in GrantSolutions as a grant note. We 
also sent out an email the week prior on July 22 that provided recipients with advanced copy of this guidance. 
The guidance can also be found on our website under the resources section and then look under the ELC 
COVID-19 supplemental words guidance section. On both the cover page and page with the section header 
background and purpose, you will find a reminder that this award can be found under your project E emerging 
issues on the ELC budget workbook. It will be on the same tab that you will need to complete your budget for 
revision. Within 90 days from the time the recipient receives the notice of award, you work plan and budget 
must be completed and submitted to CDC. To submit budget revisions, you will do so through the budget 
revision amendment option in GrantSolutions. As part of the budget revision amendment, please include your 
ELC budget workbook in the original excel format. Please do not submit a word, PDF, or budget that does not 







utilize the ELC budget workbook that was provided in a grant note at time of award. Doing so will result in the 
action being returned. Also, when completing the budget revision, do not use the hyperlink in grant solutions to 
create a SF424-a online. Doing so creates issues on the CDC side when processing or revise notice of award. 
ELC budget workbooks will generate the SF424a PDF once the budget has been completed. 
 
 
Jason Snow: This is a screenshot of the menu tab on an ELC budget workbook. Once the budget has been 
completed and you've checked the summary table at the bottom to ensure that your requested total matches 
your approved total - which comes from the original award line of E 101, go to your menu. In the upper left you 
will find the SF424a button. Select this, and the budget workbook will take all the requested line items and 
generate the SF424a for you. Next, go to the SF424a tab which could be found at the bottom of the workbook, 
just left of the menu tab. On the SF424a tab, you can print a PDF to create the file that will be needed to 
upload into GrantSolutions as part of your budget revision amendment. 
 
 
Jason Snow: Within 90-days, recipients are going to need to go into REDCap and complete the workplan. As 
Ruby mentioned previously, there is one required activity, which is to assist facilities in establishing and 
implementing diagnostic and screening testing programs for residents, detainees, staff, and visitors. In cases 
where this activity has already been addressed, recipients would simply need to note in the workplan, using the 
implementation plan section, providing the details on how this has been addressed to date and the plans for 
continued support through the project period. The remaining 14 activities are optional and should be addressed 
as needed and appropriate to meet the needs within the recipient’s jurisdiction. By the 90-day response 
window, recipients will need to submit a budget revision into GrantSolutions that includes a completed ELC 
budget workbook in the original excel format, a PDF of the workplan - which could be printed off from REDCap 
once completed - and a letter of support that is signed by the ELC governance team members. And please 
remember this letter needs to be on agency letterhead. 
 
 
Jason Snow: This slide provides a summary of the various due dates for this award. The acknowledgement 
letter must be signed by the authorizing official on record in GrantSolutions. It must be submitted in 
GrantSolutions as a grant and within five days of the notice of award being issued. As of today, actually right 
before this webinar, I have already seen numerous grant notices come through that have either followed the 
early release of the guidance, by way of the ELC mailbox, or after OGS published the guidance in 
GrantSolutions on July 27. If you've already submitted the letter when the notice of award was officially issued 
and released to you, you do not need to resubmit. Those proactive early submissions will still meet the five-day 
requirement. Financial Reporting on this award will start October 5 and will continue monthly. As with prior ELC 
COVID awards monthly reporting is required until all funds are extended. Workplan completion in REDCap and 
budget completion in the ELC budget workbook - that will be available in GrantSolutions as a grant note after 
the award is issued – are both due within 90 days from the issuance of the award. Please remember to make 
your workplan, ELC governance team letter, and the completed ELC budget workbook in the original excel 
format, as a budget revision amendment in GrantSolutions. The performance measures for this award are still 
being discussed and developed. When we finalize this information, any reporting requirements will be shared 
with recipients. Quarterly workplan monitoring will begin and align with the ELC budget period three, quarterly 
reporting cycle, which is January 2022. And if I recall correctly, the next slide opens up our question-and-
answer portion. 
 
 
Cameron Warner: As Jason mentioned, if we're unable to answer your question today or questions arise as 
you complete your work plan and revised budget, the ELC and Department of Justice will be hosting weekly 
office hours beginning August 26 at 4pm. The office hours will be held every Thursday through September 23 
and are intended for direct recipients of ELC funds. With that being said, again, please feel free to use the chat 
or the Q&A boxes for questions. 
 
 
[Q&A Period] 
 







 
Jason Snow: I want to thank everyone for your attendance, for wonderful questions. I especially want to thank 
Ruby and her collaboration and partnership in both helping get this award made possible, and then also the 
ongoing continued support as we continue over the next three years, making sure these funds reach the 
intended population and serve our public health interest in the confinement facilities. Thank you very much, 
have a wonderful rest of the day and we'll be in touch soon. 
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Introduction and Purpose 
The goal of the Epidemiology and Laboratory Capacity for Prevention and Control of Emerging 


Infectious Diseases (ELC) is to support state, local, and territories’ public health efforts to 


reduce morbidity and associated deaths caused by a wide range of infectious disease threats. 


The ELC provides annual funding, strategic direction, and technical assistance to domestic 


jurisdictions for strengthening core capacities in epidemiology, laboratory, and health 


information systems activities. In addition to strengthening core infectious disease capacities 


nationwide, this cooperative agreement also supports a myriad of specific infectious disease 


programs and projects and provides special appropriations in response to infectious disease 


emergencies (e.g., H1N1, Ebola, and Zika). 


As part of the “Paycheck Protection Program and Health Care Enhancement Act of 2020 (P.L. 


116-139, Title I)”, the ELC awarded a total of $10.25 billion to recipient jurisdictions in a 


program-initiated component funding under the Emerging Issues (E) Project of CK19-1904, 


“ELC Enhancing Detection” supplement. In early 2021, an additional $19.11 billion from the 


“Coronavirus Response and Relief Supplemental Appropriations Act of 2021, H.R. 133”, was 


provided to ELC recipients to provide additional critical support to jurisdictions as they continue 


to address COVID-19 within their communities.  These funds are intended to provide critical 


resources to state, local, and territorial health departments in support of a broad range of 


COVID-19/SARS-CoV-2 testing and epidemiologic surveillance related activities, including the 


establishment of modernized public health surveillance systems. The work supported by ELC 


Enhancing Detection and the Enhancing Detection Expansion builds upon previous COVID-19 


awards (ELC CARES and ELC Community-based Surveillance). These funds support the public 


health response to COVID-19 and lay the foundation for the future of public health surveillance. 


This guidance provides information on performance measures for recipients of these 


supplemental funds. To reduce reporting burden on recipients, the performance measures for 


ELC Enhancing Detection and ELC Enhancing Detection Expansion encompass work being 


conducted for those receiving funds for ELC CARES and Community-based Surveillance.  


The performance measures are intended to be used by ELC and recipients to help: 


• Support continuous monitoring and examine opportunities to improve performance and 


implementation of activities 


• Demonstrate accountability to stakeholders (e.g., funders, public) by showing how ELC 


funds are being spent 


• Clarify ELC project expectations and priorities  


The ELC realizes that there are limitations to using performance measures to evaluate the 


scope of public health work being conducted by the jurisdictions. For example, without a 


consideration of contextual factors, measures do not always fully represent how strongly or 


poorly a recipient is doing. Thus, it is important to have other ways of collecting project 


information to demonstrate performance (i.e., workplan/milestone updates, progress calls, 


success stories). The ELC will rely on a combination of these sources of information to assess 


progress more comprehensively throughout the duration of the project.  
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Organization of Guidance 
For each measure, the following elements are described: 


• Measure: Name of measure  


• Applicable recipients: Recipients the measure applies to  


• Rationale: Provides the context and reasoning for monitoring this measure  


• Data elements: Specific variables that will be reported by recipient or monitored by ELC 


• Additional guidance: Additional information to help understand the measure such as 


definitions for specific terms, inclusion/exclusion criteria, limitations to the measure, and 


other applicable information 


• Target: Recommended recipient target for this measure, where applicable. Targets are 


used to provide guidance to recipients on the desired level of performance from ELC. 


They will also be used in discussions between ELC and recipients to identify gaps and 


opportunities to provide technical assistance.  


• Recommended data source: Source the recipient or ELC may use to retrieve data  


• Reporting frequency: Specifies how often the measure will be reported  


• Reporting mechanism: Describes how data will be reported 


Intended Use of Guidance 
Please take some time to review the guidance and share it with the appropriate staff members 


in your jurisdiction who are involved in the implementation of these activities. Ensure that you 


and your staff members understand each measure and how it applies to your jurisdiction. Some 


of these measures will be monitored through data reporting that recipients already submit to 


CDC. ELC recommends that you develop a plan for how you will collect, organize, and 


synthesize this information for reporting.  


While ELC has made every effort to consolidate data submission intervals, please note that 


some measures require more frequent reporting than others. Furthermore, due to the relatively 


long (30 month) project period, recipients should anticipate and work with ELC to re-evaluate 


and potentially modify some measures to accommodate shifts in priorities during the timeframe 


of this project and to improve the ability to monitor performance.  Some additional data 


collection for other measures may be required, and some measures may eventually become 


obsolete. ELC will make every effort to keep these changes minimal.  


If you have questions related to these performance measures, please contact 


elcevaluation@cdc.gov, or your ELC Project Officer.  


 



mailto:elcevaluation@cdc.gov
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Updates in Guidance 
The updated version of the guidance includes several updates and revisions that ELC 


recommends awardees pay particular attention to: 


• Measure E.10: Percent of regularly reporting ILINet providers and the number of patient visits 


captured in ILINet each week both within and outside the Core Based Statistical Areas (CBSAs). 


o Numerator has been updated to the number of CBSA’s with at least 200 patient visits 


each week from regularly reporting ILINet providers per 100,000 population  


o The target has been updated to at least 200 patient visits per 100,000 population within 


each CBSA, captured in ILINet each week after 12 months. 


• Measure E.12: Number of healthcare organizations engaged to implement electronic case 


reporting (eCR) 


o Question 1 has been modified to only include the types of recruitment for new in-


jurisdiction providers to onboard to eCR rather than the quantity. 


o Three new questions: 


▪ Did you confirm that your answer to question 1 is consistent with the monitoring 


question available on the Site Overview monitoring form? (Y/N) 


▪ Please share any successful recruitment strategies or any challenges to 


recruitment. 


▪ If you offered incentives to healthcare organizations for participating in eCR, what 


has been the impact of those incentives? 


o Former Question 3 (now Question 5): New categories added to the levels of engagement 


in eCR between public health and healthcare organizations  


▪ Testing for COVID-19 only 


▪ In production and parallel reporting for COVID-19 only 


▪ In production with no manual reporting for COVID-19 only 


▪ Testing for all conditions 


▪ In production and parallel reporting for all conditions 


▪ In production with no manual reporting for all conditions  


• NEW MEASURE - Measure E.12a: Number of conditions published to production in Reportable 


Conditions Knowledge Management System (RCKMS). 


• Measure E.14: Demonstration of automatic processing of electronic initial case reports (eICRs) in 


the jurisdiction integrated surveillance system(s) 


o Rather than providing a numerator and denominator, the recipient will indicate the 


percent of eICRs that are received by the jurisdiction and populated into the system 


without entering an error queue in the production environment for each surveillance 


system where applicable. 


o Two new questions: 


▪ Did you confirm that your answers for question 1 are consistent with the 


monitoring question available on the Site Overview monitoring form? (Y/N) 


▪ Please provide any qualitative information about your progress on processing 


eICRs into the surveillance system. Are there any successes, challenges, or 


status changes that you would like to share?  


• Measure E.15: Proportion of test orders and results processed through Electronic Test Orders 


and Results Reporting (ETOR) at the PHL (this measure only applies to tests conducted at the 


public health laboratory) 


o This measure has been broken out to examine test orders and results by web portal 


versus direct and indirect systems integration. 
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• Measure E.17: Caseload, number of cases per case investigator and number of contacts per 


contact tracer during the data collection period 


o “Number of cases sent to the case investigation team” has been removed 


• Measure E.19: Timeliness of contact tracing during the data collection period 


o “Number of contacts notified” has been added 


o “Number of contacts notified between 1 and 3 days of case interview” has been removed 


o “Number of contacts notified after 3 days of case interview” has been removed 


• Measure E.20: Effectiveness of contact tracing to interrupt the transmission of COVID-19 during 


the data collection period 


o “Number of contacts that agree to have their symptoms monitored” has been removed 


• Measure E.29:  Number of SARS-CoV-2 specimens sent to CDC for sequencing per month 


o These data will be collected from an existing source, and recipients will not be required to 


report. 


• Appendix C: PM reporting timeline for measures reported via REDCap for Year 2 


o All data collection and data submission dates have been updated. 
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Measure E.1: Median number of days from specimen collection date to date of report of final test 
result for COVID-19/SARS-CoV-2 molecular diagnostic tests 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands 


  


Rationale Laboratory turnaround time can impact public health’s ability to respond to events in a timely 


manner. Whether or not tests are being conducted in a timely manner may help identify 


areas for improvement or point to gaps in the process to help achieve more timely detection 


and reduce the spread of COVID-19. Public health may have limited control over tests 


conducted by non-PHL laboratories/community testing sites and the quality of specimens 


sent to public health. However, since the majority of COVID-19/SARS-CoV-2 testing is 


performed outside of the PHL, assessing all laboratories ability to perform timely testing and 


reporting is a critical component in the success of our public health response. These data 


will be used to guide discussions between ELC and the recipient on how to work together to 


improve testing timeliness, where needed.  


  


Data Elements For the PHL: 


1. Median number of days and range from specimen collection date to receipt of 


specimen at the laboratory for COVID-19/SARS-CoV-2 molecular tests conducted in 


the PHL 


a. Minimum 


b. Median 


c. Maximum 


d. Percent of specimens received at the PHL for COVID-19/SARS-CoV-2 molecular 


testing within 2 days of the specimen collection date 


i.  Numerator: The number of specimens that were received at the PHL for 


COVID-19/SARS-CoV-2 molecular testing within 2 days of the specimen 


collection date 


ii. Denominator: The total number of specimens that were received at the PHL 


for COVID-19/SARS-CoV-2 molecular testing 


2. Median number of days and range from receipt of specimen to date of report of final 


test result for COVID-19/SARS-CoV-2 molecular tests conducted in the PHL 


a. Minimum 


b. Median 


c. Maximum 


d. Percent of specimens for which final test results were reported for COVID-


19/SARS-CoV-2 molecular testing within 2 days of the date the specimen was 


received at the PHL 


i. Numerator: The number of specimens for which final test results were 


reported for COVID-19/SARS-CoV-2 molecular testing within 2 days of the 


date the specimen was received at the PHL 


ii. Denominator: The number of specimens for which final test results were 


reported for COVID-19/SARS-CoV-2 molecular testing at the PHL  


 


For non-PHL laboratories/community testing sites: 


3. Median number of days and range from specimen collection date to date of report of 


final test result for COVID-19/SARS-CoV-2 molecular tests conducted outside of the 


PHL 


a. Median 


b. Minimum  
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c. Maximum 


d. Proportion of specimens for which final test results were reported for COVID-


19/SARS-CoV-2 molecular testing within 4 days of the specimen collection date 


for tests conducted outside of the PHL 


i. Numerator: The number of specimens for which final test results were 


reported for COVID-19/SARS-CoV-2 molecular testing within 4 days of the 


specimen collection date for tests conducted outside of the PHL 


ii. Denominator: The number of specimens for which final test results were 


reported for COVID-19/SARS-CoV-2 molecular testing outside of the PHL 


  


Additional 


Guidance 


This measure applies to molecular tests conducted covering the entire jurisdiction.  


 


If the date of report of final test result is missing, please use the date the test result was 


determined. The median number of days and range should include weekend days. 


 


Specimen collection to receipt of specimen: This includes the time from collection of 


specimen to receipt of the specimen in the laboratory. 


 


Receipt of specimen to final test result: This includes the time from receipt of specimen, 


obtaining laboratory test results, and then reporting the result to public health. 


  


Target < 2-day from specimen collection to receipt of specimen. 
< 2-day from receipt of specimen to date of report of final test result. 


  


Recommended 


Data Source 


LIMS 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☒ REDCap for PHLs 


☒ CDC currently has this data for non-PHL laboratories/community testing sites and there is 


no need to report it at this time. 
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Measure E.2: Number of COVID-19/SARS-CoV-2 tests completed by test type, race/ethnicity, and 
result 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands 


  


Rationale A major purpose of this funding is to ensure a robust testing program for COVID-19/SARS-


CoV-2 is in place. Recipients are expected to expand testing capacity, including working 


with non-PHL laboratories/community testing sites, to enable the jurisdiction to test sufficient 


numbers of its population in accordance with CDC guidelines and in alignment with a 


jurisdiction’s testing plan. This measure looks at the volume of COVID-19/SARS-CoV-2 


testing conducted across a jurisdiction and may be used in conjunction with percent of 


positive molecular tests to indicate whether a jurisdiction is sufficiently testing its population. 


Volume will also be assessed by race/ethnicity to determine whether all racial/ethnic groups 


are being testing  


  


Data Elements 1. Number of COVID-19/SARS-CoV-2 molecular tests conducted, total and by 


race/ethnicity 


2. Number of COVID-19/SARS-CoV-2 serology tests conducted, total and by 


race/ethnicity  


3. Number of COVID-19/SARS-CoV-2 antigen tests conducted, total and by race/ethnicity 


4. Number of COVID-19/SARS-CoV-2 molecular tests conducted that were positive 


5. Number of COVID-19/SARS-CoV-2 serology tests conducted that were positive 


6. Number of COVID-19/SARS-CoV-2 antigen tests conducted that were positive 


7. Number of individuals planned to be tested (molecular) 


  


Additional 


Guidance 


This measure is about the total number of tests conducted. Numbers are inclusive of all 


tests conducted in your jurisdiction regardless of testing site. We understand there may or 


may not be a substantial discrepancy between the number of tests conducted and number 


of individuals tested; however, at this point in time, there is no way to differentiate between 


these two numbers through the CELR line-level data received by CDC.  We encourage 


jurisdictions to de-duplicate test results whenever possible in order to better understand the 


burden of COVID-19 within the population. 


 


There are limitations to using percent positivity as an indicator of adequate testing capacity, 


and results will be contextualized with other factors.  For example, a high percentage of 


positive test results may indicate that testing is occurring among a disproportionately high-


risk population, or there is a high prevalence of COVID-19/SARS-CoV-2 overall circulating 


within the population. The percent of positive test results among all molecular test results 


may also be used to help gauge whether a jurisdiction has sufficient testing capacity in 


place, especially when it is applied to specific populations (e.g. high-risk demographics) and 


geographical areas (e.g. densely populated urban areas) 


 


Number of tests conducted: These include all tests (molecular, antigen, serology) and all 


test results (positive, negative and indeterminant). 


 


Number of individuals planned to be tested: This information is collected via the 


Jurisdictional Testing Plans as mandated by legislative language. 
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Target ≥ 2% of population tested per month (diagnostic testing) for the first year of funding during 


the remainder of calendar year 2020.  While the target applies to diagnostic testing only, 


jurisdictions should evaluate and implement appropriate use of serology to better 


understand their population. 


 


This target may change over time. 


  


Recommended 


Data Source 


LIMS (#1-3) 


Jurisdictional Testing Plans (#4) 


  


Reporting 


Frequency 


Monthly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 
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Measure E.3: Proportion of COVID-19/SARS-CoV-2 laboratory test results submitted to CDC with 
complete information  
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands 


  


Rationale Assuring a rapid and thorough public health response to the COVID-19 pandemic 


necessitates comprehensive laboratory testing data. These data contribute to understanding 


disease incidence and trends, availability and use of testing resources, and identification of 


supply chain issues for reagents and other material. Particularly important for identifying and 


addressing health disparities, ascertaining race/ethnicity among cases is a high priority in 


the guidance and that efforts should focus on those variables. Laboratory testing data, in 


conjunction with case reports and other data, also provide vital guidance for mitigation and 


control activities. The intent of this measure is to look at the extent to which laboratory test 


result information being submitted to CDC through the CELR line-level data is complete, 


resulting in a more detailed and timelier national picture of testing surveillance. ELC 


understands that completeness of these data may be reliant on the ordering provider; these 


data will be used to guide discussions between ELC and the recipient on how to work with 


ordering providers and clinical labs to improve data completeness.  


  


Data Elements For tests conducted within the PHL: 


1. Proportion of COVID-19/SARS-CoV-2 laboratory test results submitted to CDC with 


complete information 


a. Numerator: Number of laboratory test results with complete information 


b. Denominator: Number of laboratory test results 


 


For tests conducted at non-PHL laboratories/community testing sites: 


2. Proportion of COVID-19/SARS-CoV-2 laboratory test results submitted to CDC with 


complete information 


a. Numerator: Number of laboratory test results with complete information 


b. Denominator: Number of laboratory test results 


  


Additional 


Guidance 


This includes tests for all results. 
 
Complete information: A COVID-19/SARS-CoV-2 laboratory report with these critical data 
elements (as defined here: https://www.hhs.gov/sites/default/files/covid-19-laboratory-data-
reporting-guidance.pdf) completed and sent to CDC will be considered “complete” for the 
following data elements:  
 


1. Test order identifier (universal service identifier/universal service description) 


2. Test result  


3. Test Result date 


4. Accession #/Specimen ID (filler order number namespace/filler order number OID) 


5. Age 


6. Patient race  


7. Patient ethnicity  


8. Patient gender 


9. Patient residence zip code 


10. Patient residence county 


11. Ordering provider name and NPI (as applicable)  


12. Ordering provider zip 



https://www.hhs.gov/sites/default/files/covid-19-laboratory-data-reporting-guidance.pdf

https://www.hhs.gov/sites/default/files/covid-19-laboratory-data-reporting-guidance.pdf
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13. Performing Laboratory name or CLIA number, if known 


14. Performing Laboratory zip code 


15. Specimen Source - use appropriate LOINC, SNOMED-CT, SPM4 codes, or equivalently 


detailed alternative codes 


16. Date specimen collected (date format) 


17. Test report date 


  


Target ELC plans to baseline completeness percentages for all data elements and use that 


information to develop strategies for improvement. The ELC acknowledges that current 


percentages for completeness may be low.   


  


Recommended 


Data Source 


LIMS 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 
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Measure E.4: Biosafety outreach and guidance provided by PHLs and/or the health department to 
COVID-19/SARS-CoV-2 testing sites  
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands 


  


Rationale Safety of testing for COVID-19/SARS-CoV-2, in both laboratory and non-laboratory testing 


sites (e.g., prisons, nursing homes, drive-through testing sites), is an important concern. 


Public health departments are expected to conduct outreach and engage with testing 


facilities to improve safety of testing. This measure looks at the extent and breadth of 


outreach and engagement efforts on improving safety in non-PHL laboratories/community 


testing sites to help ensure that testing is done safely to protect personnel involved in 


collecting and processing specimens. 


  


Data Elements 1. Please describe what external outreach steps are being taken to provide consultation 


and training on biosafety. 


2. Do you have a dedicated team in the PHL to address issues around laboratory safety, 


including inventory management of PPE, specimen management, diagnostic and 


surveillance testing, and reporting results? (Yes/No) 


a. If no, do you have plans to develop such a team? (Yes/No) 


3. Do you have a biosafety officer (BSO)? (Yes/No) 


a. If yes, is your BSO part-time or full-time? 


4. Do you have a biosafety outreach officer (BOO) to provide biosafety guidance to 


external institutions? (Yes/No) 
a. If no, do you have plans to hire one? (Yes/No) 


b. If yes, is your BOO part-time or full-time? 


5. Does your BSO/BOO/biosafety team engage non-PHL laboratories? (Yes/No) 


a. If yes, how does your BSO/BOO/biosafety team engage non-PHL laboratories* 


(select all that apply)?  


i. Provides in-person training 


• If yes, what kind of in-person training did you provide? 


(Open-ended) 


ii. Provides virtual training 


• If yes, what kind of virtual training did you provide? (Open- 


ended) 


iii. Facilitates access to training opportunities 


iv. Facilitates routine conference calls/discussions 


v. Conducts site visits 


vi. Supplies biosafety materials to laboratories for reading 


vii. Shares videos with biosafety guidance (YouTube) 


viii. Other (please specify) 


b. If your team does not engage non-PHL laboratories, why not? (open-ended) 


6. Percent of non-PHL laboratories performing testing for COVID-19/SARS-CoV-2 with 


which the PHL has engaged in any outreach 


a. Numerator: Number of non-PHL laboratories performing testing for COVID-


19/SARS-CoV-2 with which the PHL has engaged in any outreach  


b. Denominator: Number of non-PHL laboratories performing testing for COVID-


19/SARS-CoV-2 


7. Does your PHL/Health Department/Infection Prevention and Control team** engage 


non-traditional testing sites? (Yes/No)  
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a. If yes, how has your PHL/health department/Infection Prevention and Control 


team engaged non-traditional testing sites (select all that apply)? 


i. Provides in-person training 


• If yes, what kind of in-person training did you provide? 


(Open ended) 


ii. Provides virtual training 


• If yes, what kind of virtual training did you provide? (Open 


ended) 


iii. Facilitates access to training opportunities 


iv. Facilitates routine conference calls/discussions 


v. Conducts site visits 


vi. Supplies biosafety materials to laboratories for reading 


vii. Shares videos with biosafety guidance (YouTube) 


viii. Other (please specify) 


b. If your team does not engage non-traditional testing sites, why not? (open-


ended) 


  


Additional Guidance This measure should include only sites performing any COVID-19/SARS-CoV-2 testing, 


not collection sites. Sites performing POC testing are considered testing sites. 


 


*A clinical laboratory is defined by CLIA as any facility which performs laboratory testing 


on specimens obtained from humans for the purpose of providing information for health 


assessment and for the diagnosis, prevention, or treatment of disease. 


 


**Depending on the structure of public health within the jurisdiction, non-traditional testing 


sites may be monitored by the health department/infection prevention rather than the PHL. 


Please engage with the health department if the PHL in your jurisdiction does not 


communicate directly with non-traditional testing sites.  


 


Outreach: Outreach can include training (virtual and in-person), communications (e-mail, 


phone calls, newsletters, flyers, site visit, routine meetings. 


 


Additional guidance on biosafety practices around handling and processing COVID-


19/SARS-CoV-2 specimens is provided here: 


https://www.cdc.gov/coronavirus/2019-ncov/lab/lab-biosafety-guidelines.html  


 


APHL Biosafety and Biosecurity Resources:  


https://www.aphl.org/programs/preparedness/Pages/Biosafety-Biosecurity-Resources.aspx  


  


Target  


  


Recommended Data 


Source 


 


  


Reporting Frequency Twice per year 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 



https://www.cdc.gov/coronavirus/2019-ncov/lab/lab-biosafety-guidelines.html

https://www.aphl.org/programs/preparedness/Pages/Biosafety-Biosecurity-Resources.aspx
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Measure E.5:  Percent of COVID-19 cases submitted to CDC that include complete and 
meaningful responses for key data elements. 
 


Applicable 


Recipients 


All states, NYC, DC, American Samoa, Guam, Marshall Islands, Northern Mariana Islands, 


Federated States of Micronesia, Palau, Puerto Rico, and US Virgin Islands 


  


Rationale The intent of this measure is to monitor the completeness of case surveillance data that 


jurisdictions submit to CDC. The analysis will also include a review of data with a meaningful 


response, defined as responses other than ‘unknown’, in order to understand the challenges 


in reporting this data and identify potential areas for improvement. Over time, efficient 


detection and reporting strategies (e.g., eCR, ELR, NNDSS MMGs), and additional staffing 


for case investigation and disease control should improve this data. Jurisdictions should 


strive to ensure that maximum completeness and validity, as well as meaningful data are 


achieved for the key data elements listed below. 


  


Data Elements 1. Percent completeness* of priority 1 and priority 2 data elements. 


a. Numerator: Number of COVID cases with complete data  


b. Numerator: Number of COVID cases with missing data  


c. Denominator: Total number of COVID cases submitted to CDC 


 


2. Percent of data with a meaningful response for priority 1 and priority 2 data elements. 


a. Numerator: Number of COVID cases with responses other than ‘unknown’ for 


priority 1 and 2 data elements  


b. Denominator: Total number of COVID cases submitted to CDC 


 


Priority 1 Data Elements:  


a. Race 


b. Ethnicity 


c. Healthcare Occupation 


d. Hospitalization 


 


Priority 2 Data Elements: 


e. Onset date  


 


   


Additional 


Guidance 


Initial reports should strive to capture and send basic demographic data and case status 


without delay. It is understood that other data elements that require more case follow-up to 


occur (e.g. interview, access to med records, etc.) may be delayed. Priority 2 data elements 


will be evaluated for completeness after jurisdictions submit priority 1 data elements 


consistently for several submissions. 


 


*Completeness: It is important to note that in this context, completeness for Priority 1 Data 


elements is an analysis of data that has passed validation checks. Because of built-in 


validation checks, the data reported must be valid to be accepted. Any invalid data reported 


for Priority 1 Data elements will be coded as ‘missing’.  


 


Resources to support jurisdictional health departments submit COVID-19 case data to CDC: 
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Information for Health Departments on Reporting Cases of COVID-19 | CDC 


 


COVID PUI Form: 


May 2020: https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf  


Jan 2021: https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/COVID19-
Worksheet-CSV-annotated-20201Jan15.pdf 
 
COVID Message Mapping Guide: 


https://wwwn.cdc.gov/nndss/case-notification/message-mapping-guides.html 


  


Target > 90% for each data element 


 


Jurisdictions should strive for high levels of completeness, validity, and ‘meaningful’ 


responses for all data elements. 


  


Recommended 


Data Source 


Data quality reports produced from case surveillance data received at CDC 


  


Reporting 


Frequency 


Monthly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 


 


 


  



https://www.cdc.gov/coronavirus/2019-ncov/php/reporting-pui.html

https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf

https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/COVID19-Worksheet-CSV-annotated-20201Jan15.pdf

https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/COVID19-Worksheet-CSV-annotated-20201Jan15.pdf

https://wwwn.cdc.gov/nndss/case-notification/message-mapping-guides.html
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Measure E.6: Proportion of COVID-19 cases with individual-level data submitted to CDC 
 


Applicable 


Recipients 


All states, NYC, DC, American Samoa, Guam, Marshall Islands, Northern Mariana Islands, 


Federated States of Micronesia, Palau, Puerto Rico, and US Virgin Islands 


  


Rationale Aggregate counts submitted by jurisdictions to CDC limit CDC’s ability to understand 


disease trends and patterns. This measure captures improvement in data quality related to 


electronic data flows. The intent of this measure is to monitor the extent to which 


jurisdictions provide case-level data on COVID-19 cases to CDC by comparing to the 


aggregate case counts.  


  


Data Elements 1. Proportion of COVID-19 cases with individual-level data submitted to CDC  


a. Numerator: Cases with individual-level case information received at CDC 


b. Denominator:  Aggregate case counts 


  


Additional 


Guidance 


https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf 


 


A link to the COVID-19 MMG will be provided once available. 


  


Target > 98% 


  


Recommended 


Data Source 


1. Numerator:  NNDSS and DCIPHER 


2. Denominator:  Aggregate case counts 


  


Reporting 


Frequency 


Monthly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 


 


  



https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf
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Measure E.7: Median number of days from date of first positive specimen collection (or when not 
available, diagnosis date) to date COVID-19 case is reported to CDC 
 
 


Applicable 


Recipients 


All states, NYC, DC, American Samoa, Guam, Marshall Islands, Northern Mariana Islands, 


Federated States of Micronesia, Palau, Puerto Rico, and US Virgin Islands 


  


Rationale The intent of this measure is to monitor improvements in the timeliness of COVID-19 case 


reporting to CDC.  Recipients are expected to work with reporters to improve the speed with 


which COVID-19 cases are identified and reported to public health and the speed with which 


initial notification is provided to CDC. Timely data ensures that public health has up-to-date 


information on which to base decisions and actions.  


  


Data Elements 1. Median number of days from date of first positive specimen collection (or when not 
available, diagnosis date) to date COVID-19 case is reported to CDC 


  


Additional 


Guidance 


To the best of the jurisdiction’s ability, initial reports should strive to capture and send basic 


demographic data and case status without delay. It is understood that other data elements 


that require more case follow up to occur (e.g. interview, access to med records, etc.) may 


be delayed. 


 


If both date of diagnosis and specimen collection date are available, the earlier of the two 


dates will be used for the calculation. 


 
https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf  
 


https://wwwn.cdc.gov/nndss/case-notification/message-mapping-guides.html  


  


Target < 5 days 


  


Recommended 


Data Source 


Calculations based on COVID-19 case notifications to CDC through NNDSS and DCIPHER.  


  


Reporting 


Frequency 


Monthly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 


 


  



https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf

https://wwwn.cdc.gov/nndss/case-notification/message-mapping-guides.html
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Measure E.8:  Percent of facilities reporting emergency department (ED) visits to the National 
Syndromic Surveillance Program (NSSP). 


 


Applicable 


Recipients 


All states, DC 


  


Rationale Syndromic surveillance provides public health with a timely system for detecting, 


understanding, and monitoring health events, including COVID-19.  Recipients are expected 


to work with EDs in their jurisdiction to increase the number submitting syndromic 


surveillance data or increase the ED data transmitted to NSSP. The intent of this measure is 


to monitor the extent to which syndromic surveillance coverage of ED visits increases over 


time. From a jurisdiction and national perspective, full coverage of ED visits ensures that 


valid conclusions can be drawn for all geographic and population areas and that important 


findings are not missed due to coverage gaps. 


  


Data Elements 1.  Percent of facilities that are reporting emergency department (ED) visits to the National 
Syndromic Surveillance Program (NSSP). 
a. Numerator: The number of non-federal emergency departments that sent at least 


one valid message in production to NSSP in the last 12 months 


b. Denominator:  Total number of non-federal emergency departments 


  


Additional 


Guidance 


Source for total number of ED visits can be an estimation from American Hospital 


Association or a state-specific source. 


  


Target Recipients should aim to have > 90% of facilities reporting by the end of 2022 


  


  


Recommended 


Data Source 


NSSP calculations of ED visit coverage  


  


Reporting 


Frequency 


Quarterly  


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 
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Measure E.9: Completeness of priority data elements in ED visits reported to NSSP  
 


Applicable 


Recipients 


All states, DC, NYC and Los Angeles County 


  


Rationale Recipients are expected to work with facilities submitting ED data to improve data element 


completeness. The intent of this measure is to monitor the completeness of ED visit data, 


focusing on NSSP Priority 1 and 2 data elements. Increased completeness of information in 


the syndromic surveillance records improves public health’s ability to detect and describe 


health events and the affected population groups and geographic areas.   


  


Data Elements 1. Completeness of priority1 and 2 data elements in ED visits reported to NSSP  
a. Numerator: Number of ED visits with complete data  


b. Denominator: Total number of ED visits reported to NSSP 


 


Priority 1 Data Elements: 


• Admit_Reason_Code 


• Admit_Reason_Description 


• C_Chief_Complaint 


• Chief_Complaint_Text 


• Diagnosis_Code 


• Diagnosis_Description 


• C_Patient_Age 


• C_Patient_Age_Years 


• Patient_Zip 


• C_Biosense_Facility_ID 


• C_Facility_ID 


• Facility_Type_Code 


• Sending_Facility_ID 


• Treating_Facility_ID 


• C_Unique_Patient_ID 


• Visit_ID  


• Arrived_Date_Time 


• Admit_Date_Time 


• C_Visit_Date 


• C_Visit_Date_Time 


• C_Death  


• C_FacType_Patient_Class 


• C_Patient_Class  


• Patient_Class_Code 


 


Priority 2 Data Elements: 


• Chief_Complaint_Code 


• Diagnosis_Type 


• Administrative_Sex 


• Age_Reported 


• Age_Units_Reported 


• C_Patient_County 


• Ethnicity_Code 
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• Ethnicity_Description 


• Patient_City 


• Patient_Country 


• Medical_Record_Number 


• Patient_State 


• Race_Code 


• Sending_Facility_ID_Source 


• First_Patient_ID  


• Message_Profile_ID 


• Message_Structure 


• Message_Type 


• Processing_ID 


• Trigger_Event 


• Version_ID 


• Message_Date_Time 


• Recorded_Date_Time 


• Discharge_Date_Time 


• Discharge_Disposition 


   


Additional 


Guidance 


Please review pages 27-28 of the BioSense Platform User Manual for Data-Quality-on-


Demand-Programs (https://www.cdc.gov/nssp/biosense/docs/Data-Quality-On-


Demand_User_Manual.pdf) for a list of key data elements.  


  


Target > 90% completeness 


  


Recommended 


Data Source 


NSSP Data Quality Dashboard 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 


 


  



https://www.cdc.gov/nssp/biosense/docs/Data-Quality-On-Demand_User_Manual.pdf

https://www.cdc.gov/nssp/biosense/docs/Data-Quality-On-Demand_User_Manual.pdf
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Measure E.10: Percent of regularly reporting ILINet providers and the number of patient visits 
captured in ILINet each week both within and outside the Core Based Statistical Areas (CBSAs). 


Applicable 


Recipients 


All states, NYC, DC, Chicago, Puerto Rico, and US Virgin Islands. Other recipients may 
enroll providers if interested.  


  


Rationale The Outpatient Influenza-like Illness Surveillance Network, or ILINet, consists of volunteer 
sentinel outpatient providers, urgent care centers, and emergency departments.  Providers 
who participate in the ILINet program collect and report information about the number of 
influenza-like illness (ILI) visits to their practice/facility each week. Mild to moderate COVID-
19 illness presents with symptoms similar to ILI, so ILINet is now also being used to track 
trends of mild COVID-19 illness and allows for comparison with prior influenza seasons. 
There are currently more than 2,900 ILINet sentinel providers covering all 50 states, Puerto 
Rico, the District of Columbia, and the U.S. Virgin Islands. Data reported by ILINet providers 
provide a national picture of ILI activity in the U.S. Expanding the geographic distribution of 
ILINet providers and increasing their reporting frequency, as well as volume of patient visits, 
will improve our ability to detect and monitor community spread of SARS-CoV-2 and 
influenza.    
 
Establishing or maintaining one or more regularly reporting ILINet sites within each CBSA 
that, in aggregate, see at least 200 patients per 100,000 population each week, will help 
each jurisdiction obtain more complete geographic coverage for syndromic surveillance for 
respiratory illnesses. For non-CBSA areas within a state, ILINet sites and patient visits 
should be commensurate with population size. 


  


Data Elements 1. Percent of CBSA’s with at least 200 patient visits per 100,000 population captured in 


ILINet each week  


a. Numerator: Number of CBSA’s with at least 200 patient visits each week from 


regularly reporting ILINet providers per 100,000 population  


b. Denominator: Total number of CBSA’s 


 


2. Average number of patient visits reported each week by regularly reporting ILINet sites 


that are not within the CBSAs 


a. Non-CBSA area population estimate (state population- population of all 


CBSAs) 


b. Average number of patient visits per week from regularly reporting providers 


not in the CBSA 


 


3. Percent of enrolled ILINet providers that regularly report 


a.  Numerator: Number of regularly reporting ILINet providers  


b.  Denominator: Number of enrolled ILINet providers  


  


Additional 


Guidance 


Core-Based Statistical Area:  Metropolitan and Micropolitan Statistical Areas are collectively 


referred to as Core-Based Statistical Areas1. They are defined by the Office of Management 


and Budget (OMB) and consist of the county or counties or equivalent entities associated 


with at least one urban core (urbanized area or urban cluster) of at least 10,000 population, 


plus adjacent counties having a high degree of social and economic integration with the core 


as measured through commuting ties with the counties containing the core.  


 


ILINet provider types:  Providers in many types of practices may be ILINet providers, 


including: 


• Emergency medicine 


 
1 https://www.census.gov/topics/housing/housing-patterns/about/core-based-statistical-areas.html  



https://www.census.gov/topics/housing/housing-patterns/about/core-based-statistical-areas.html





Version Date: August 4, 2021 


pg. 24 
 


• Family practice 


• Infectious disease 


• Internal medicine 


• OB/GYN 


• Pediatrics 


• Student health 


• Urgent care 


  


Target • Within each CBSA, at least 200 patient visits per 100,000 population captured in ILINet 


each week after 12 months 


• For non-CBSA areas of a state, maintain the number of providers and patient visits 


commensurate with the population. 


• 80% of ILINet sites routinely report each quarter. “Routinely report” is defined as 


reporting at least 12 out of 13 weeks in the quarter.  


  


Recommended 


Data Source 


ILINet 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 
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Measure E.11: Percent of labs reporting influenza and COVID-19/ SARS-CoV-2 via PHLIP 2.5.1 to 
CDC and the percent completeness of key data elements for respiratory virus specimens tested 
at the public health laboratory (PHL). 
  


Applicable 


Recipients 


All states, NYC, DC, Guam, and Puerto Rico  


  


Rationale Improving the completeness and validity of laboratory reporting for respiratory viruses will 


help CDC gain a better understanding of the community and seasonal spread of COVID-


19/SARS-CoV-2 vis-à-vis other respiratory viruses. Laboratory reporting for respiratory 


viruses, including SARS-CoV-2/COVID-19, influenza, RSV and others, must have complete 


and valid data for all key data elements to inform epidemiologic case investigations and 


follow up and to monitor trends in virus circulation. Submitting all public health laboratory 


reports for respiratory virus testing to CDC will ensure that PHL data can be used most 


effectively. 


 


This measure focuses on laboratory reporting for all respiratory virus specimens tested at 


the public health laboratory. ELC will collect a complementary measure (E.3) that focuses on 


reporting for COVID-19/ SARS-CoV-2 specimens tested at all laboratories, including at the 


public health laboratory and clinical laboratories.   


  


Data Elements 1. Percent of labs reporting influenza and COVID-19/ SARS-CoV-2 via PHLIP 2.5.1 
a. Numerator: Number of labs reporting influenza and COVID-19 via PHLIP 2.5.1  
b. Denominator: Total number of PHLs 


 
2. Percent of labs reporting other respiratory viruses via PHLIP 2.5.1 


a. Numerator: Number of labs reporting other respiratory viruses via PHLIP 2.5.1 
b. Denominator: Total number of PHLs 
 


3. Percent completeness* of the following key data elements reported to CDC for 
Influenza and COVID-19/SARS-CoV2 specimens tested at the PHL: 


• Patient DOB (or age if DOB is not available) 


• Patient race/ethnicity 


• Patient zip code or county of residence (or zip code or county of 
submitting facility) 


• Specimen collection date  


• Virus test results  


• Level of care (inpatient/outpatient), when possible 


• Illness onset date, when possible 


• Specimen source, when possible 


• Gender, when possible 


Additional data element for respiratory specimens submitted by ILINet providers: 


• ILINet provider ID 
 


a. Numerator: Number of influenza specimens with complete* data for each key 
data element above. 


b. Denominator: Total number of influenza specimens reported 
 


c. Numerator: Number of COVID-19/ SARS-CoV-2 specimens with complete* 
data for each key data element above. 


d. Denominator: Total number of COVID-19/ SARS-CoV-2 specimens reported 


  


Additional 


Guidance 


PHLIP:  The Public Health Laboratory Interoperability Project (PHLIP) is a collaborative 


effort between the Association of Public Health Laboratories, CDC, and state public health 
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laboratories (PHLs) to advance automated electronic data flows from PHLs to CDC.2  


 


*Completeness: It is important to note that in this context, completeness is an analysis of 


data that has passed validation checks. Because of built-in validation checks, the data 


reported must be valid to be accepted. However, blank (missing) data is also accepted.   


  


Target • 100% of labs reporting influenza and COVID-19 to CDC are using PHLIP 2.5.1. 


• 100% of labs reporting other respiratory viruses to CDC are using PHLIP 2.5.1 


• Reports for all respiratory virus testing at the public health laboratory include data 


that are at least 80% complete* for each key data element.   


  


Recommended 


Data Source 


PHLIP 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☐ REDCap 


☒ CDC currently has this data and there is no need to report it at this time. 


 


 


  


 
2 https://www.aphl.org/programs/informatics/Documents/INF_2013May15_ELSM-Overview.pdf 



https://www.aphl.org/programs/informatics/Documents/INF_2013May15_ELSM-Overview.pdf
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Measure E.12: Number of healthcare organizations engaged to implement electronic case 
reporting (eCR) 
 


Applicable 


Recipients 


All recipients 


  


Rationale Jurisdictions must demonstrate that they are making electronic case reporting 


implementation with healthcare organizations a priority focus area through this funding. 


Recipients are expected to recruit and work with healthcare organizations in their 


jurisdictions that submit reportable condition reports to implement electronic case reporting. 


The intent of this measure is to monitor the extent to which the number of healthcare 


organizations submitting electronic case reports to the jurisdiction increases over time. From 


a jurisdiction and national perspective, full coverage of healthcare organizations ensures 


that all cases of reportable conditions are identified for public health action.  


  


Data Elements 1. How are you recruiting new in-jurisdiction providers to onboard to eCR? (Select 


all that apply.) 


☐ Sending recruitment letters or e-mails 


☐ Hosting or participating in recruitment group calls or eCR webinars to in-


jurisdiction providers 


☐ Targeted discussions (calls with one or more healthcare organizations, 


HIE, or HIN for recruitment) 


☐ Passive recruitment – accepting providers who reach out to the eCR team 


☐ Not recruiting (if this is checked, must provide a date for when recruitment 


will begin in question 1a) 
1a. If not currently recruiting, what date will you start recruiting? (D-M-Y) 


2. Did you confirm that your answer to question 1 is consistent with the monitoring 


question available on the Site Overview monitoring form? (Y/N) 


3. Please share any successful recruitment strategies or any challenges to 


recruitment. 


4. List priority healthcare organizations for recruitment who have not yet 


implemented eCR at this time. Ideally, include at least 15 organizations and 


accompanying information listed below. List organizations you have prioritized 


for eCR recruitment and implementation. Indicate whether you have reached 


out to recruit this organization. Do not include any organizations already in 


testing or live with eCR. (Please enter the information in the spreadsheet 


template provided in REDCap.) 


• Organization name 


• Name of EHR vendor (if known) 


• Date last contacted  


5. For healthcare organizations actively engaged in eCR with the public health 


agency, please indicate the following for level of engagement. (Please enter the 


information in the spreadsheet template provided in REDCap.) 


• Testing for COVID-19 only 


• In production and parallel reporting for COVID-19 only 


• In production with no manual reporting for COVID-19 only 


• Testing for all conditions 


• In production and parallel reporting for all conditions 


• In production with no manual reporting for all conditions  


6. If you offered incentives to healthcare organizations for participating in eCR, 


what has been the impact of those incentives? 
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Additional 


Guidance 


The agreed upon priority list of healthcare organizations in the jurisdiction will be used at 


quarterly calls between jurisdiction and the ELC HIS Implementation and Monitoring Team 


to track status of organization’s implementation progress. 


 


Questions 4 and 5 will be reported using the spreadsheet template available for download in 


REDCap. 


 


Question 5 is cumulative. Recipients may update the engagement list (in Excel) and status 


each quarter of reporting. Healthcare organizations may change status over time. 


  


Target Quarterly reporting on engagement status  


  


Recommended 


Data Source 


CDC will assist with providing an initial list of healthcare organizations in the jurisdiction if 


desired.   


  


Reporting 


Frequency 


Quarterly  


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.12a: Number of conditions published to production in Reportable Conditions 
Knowledge Management System (RCKMS). 
 


Applicable 


Recipients 


All recipients 


  


Rationale  Using this RCKMS allows public health jurisdictions to define reporting criteria, and helps 


healthcare organizations using electronic case reporting send the appropriate initial case 


reports to respective public health agencies. Increasing the number of reportable conditions 


published to production in RCKMS ensures efficient and timely disease surveillance, 


ultimately leading to more timely identification of clusters or outbreaks of disease and 


resulting in more rapid public health response. 


  


Data Elements 1. Per the guidance, each jurisdiction should have at least 36 conditions authored each 
quarter, for a total of 144 conditions authored to production by the end of the year. How 
many conditions has your jurisdiction currently published to production in RCKMS? 


   


Additional 


Guidance 


  


  


Target 36 conditions authored each quarter, for a total of 144 conditions authored to production by 


the end of the year 


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.13: Proportion of state reportable cases with an electronic initial case report (eICR) 
submitted   
 


Applicable 


Recipients 


All recipients 


  


Rationale Recipients are expected to work with healthcare organizations in their jurisdictions that 


submit reportable condition reports to increase the number submitting reports electronically. 


The intent of this measure is to monitor the extent to which cases in the jurisdiction have 


associated electronic case reports – either case was started by an eICR, an eICR was 


received and helped define the case status, or eICR received provided additional data to 


support the case.  From a jurisdiction and national perspective, submission of electronic 


reports that are timely and complete will allow for more efficient and speedy public health 


action.   


  


Data Elements 1. Percent of state reportable cases with an electronic initial case report (eICR) 


submitted during the last 6 months 


a. Numerator: Number of reportable cases with at least one associated electronic 


initial case report (see additional guidance below) 


b. Denominator: Total number of reportable cases known by the jurisdiction from 


all reporting mechanisms for all state reportable conditions 


  


Additional 


Guidance 


For 1a: This is not the number of electronic initial case reports (eICRs) received, but the 
unique number of case reports that have one or more eICR associated with them (e.g 
deduplicated eICRs) 
 


Jurisdiction must maintain production connection with AIMS to receive eICRs 


  


Target 50% by August 2021; overall target > 90%  


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Twice per year 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.14: Demonstration of automatic processing of electronic initial case reports (eICRs) in 
the jurisdiction integrated surveillance system(s)  
 


Applicable 


Recipients 


All recipients 


  


Rationale Recipients are expected to ensure that their surveillance systems have capability to accept, 


process and present the data in electronic initial case reports (eICRs) and reportability 


responses (RRs) for use by users of the surveillance system.  The intent of this measure is 


to monitor the surveillance system(s) ability to fully process the electronic case report data. 


Increased capacity to process electronic data improves public health’s ability to identify and 


response to health events and the affected population groups and geographic areas.   


  


Data Elements 1. List each surveillance system that is used to manage cases of reportable conditions 
a. For each surveillance system, indicate the percent of eICRs that are received by 


the jurisdiction and populated into the system without entering an error queue in 
the production environment. 


b. What are the start and end dates for this metric? 


i. What is the start date for this metric? (Month, day, year) 


ii. What is the end date for this metric? (Month, day, year) 


2. Did you confirm that your answers for question 1 are consistent with the monitoring 
questions available on the Site Overview monitoring form? (Y/N) 


3. Please provide any qualitative information about your progress on processing eICRs 
into the surveillance system. Are there any successes, challenges, or status changes 
that you would like to share?  


 


   


Additional 


Guidance 


Data from RR are needed to process eICR. Report measure for each surveillance system 


being used for managing reportable conditions. Conditions may vary by jurisdictions. 


  


Target Processing of > 50% of eICRs by the surveillance system  


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Twice per year 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.15: Proportion of test orders and results processed through Electronic Test Orders 
and Results Reporting (ETOR) at the PHL (this measure only applies to tests conducted at the 
public health laboratory) 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County 


  


Rationale Electronic Test Orders and Results (ETOR) enable laboratories and healthcare providers to 


electronically exchange standardized test orders and results. Recipients are expected to 


work on enhancing laboratory test ordering and reporting capability with this project. The 


volume of orders and results data exchanged through ETOR by jurisdiction provides CDC 


an understanding of ETOR implementation occurring across the nation. 


  


Data Elements 1. Number of test orders processed through Electronic Test Orders and Results (ETOR) 


established through the PHL LIMS and/or a centralized platform and/or web portal 


a. Number of test orders received by the PHL through a web portal 


b. Number of test orders sent or received by the PHL through direct systems 


integration ETOR 


c. Number of test orders sent or received by PHL through indirect systems integration 


ETOR 


d. Number of all test orders sent or received by the PHL  


2. Number of test results processed through Electronic Test Orders and Results (ETOR) 


established through the PHL LIMS and/or a centralized platform and/or web portal 


a. Number of test results received by the PHL through a web portal 


b. Number of test results sent or received by the PHL through direct systems 


integration ETOR 


c. Number of test results sent or received by PHL through indirect systems integration 


ETOR 


d. Number of all test results sent or received by the PHL  


 


  


Additional 


Guidance 


This measure only applies to tests conducted at the public health laboratory. 


 


Number of test orders/results exchanged through a web portal:  Includes all orders received 


and results sent by the laboratory using a web portal. The web portal needs to be directly 


integrated to the LIMS to be considered valid for counting as "received and sent through a 


web portal". Please do not count tests which are transferred from portal to LIMS or vice 


versa by staff using mechanisms such as copy pasting or exporting to files by portal and 


upload to LIMS or other similar means for both orders and result reporting). 


 


Number of test orders/results exchanged through direct systems integration ETOR:  


Includes all orders received and results sent by the laboratory through direct systems 


integration. Systems (EHR and LIMS) are integrated, and data is exchanged using HL7 


messaging or other file formats. Data translation for integration is managed through 


integration engines such as Rhapsody, Mirth, within the PHL No manual data entry is 


involved in sending or receiving data. 


 


Number of test orders/results exchanged through indirect systems integration ETOR:  


Includes all orders received and results sent by the laboratory through indirect systems 


integration. Sending and receiving systems (EHR and LIMS) exchange data using an 
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external system such as a centralized platform. This external system translates the 


messages for integration. No manual work is involved in sending or receiving data. 


 


Number of test results/orders:   This includes all test orders/results exchanged by the 


laboratory through all mechanisms (e.g., paper form, PDF Form, Email, through phone, mail, 


web portal, HL7 based message. 


 


  


Target None at this time. 


  


Recommended 


Data Source 


LIMS 


  


Reporting 


Frequency 


Twice per year 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time.  
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Measure E.16: Systems/programs at the PHL with ETOR interfaces  


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County 


  


Rationale Electronic Test Orders and Results (ETOR) implementation is aimed at process automation 


within public health laboratories. This allows enhanced testing capacity by load management 


and reduction of errors due to manual data entry. The number of different programs/ 


systems connected electronically with healthcare providers is an indicator of the amount of 


process automation within the laboratory. 


  


Data Elements 1. List of systems and/or programs within your public health laboratory that currently have 


fully implemented ETOR interfaces with any healthcare provider. 


  


Additional 


Guidance 


This measure only applies to systems/programs within the public health laboratory. Please 


list system/program if ETOR has been fully established with at least one healthcare provider. 


 


Systems/programs: This could include how the public health laboratory is categorized 


administratively or based on how LIMS implementations are divided.E.g., Infectious Disease 


Program, Microbiology Laboratory, Newborn Screening Laboratory, Pathology Laboratory. 


Recipients are encouraged to provide a list of systems/programs within their public health 


laboratory at the start of measurement period. 


 


Healthcare providers:  Hospitals, Hospital systems, Physicians’ offices or other entities 


receiving services from the public health laboratory. 


 


Fully Implemented ETOR: Systems where at least 80% of routine orders and/or results are 


exchanged electronically using web portal, direct or indirect integration 


  


Target None at this time. 


   


Recommended 


Data Source 


Administrative System 


  


Reporting 


Frequency 


Annually  


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.17: Caseload, number of cases per case investigator and number of contacts per 
contact tracer during the data collection period 
 


Applicable 


Recipients 


All recipients 


  


Rationale This measure is essential for monitoring capacity and identifying case investigation and 


contact tracing staffing needs. This data will help provide important information about 


variations in workload over time and across jurisdictions. 


  


Data Elements 1. Number of cases reported to the health department (confirmed and, if possible, 


probable) 


 


2. Number of case Investigators  


 


3. Number of contacts identified through case investigations  


 


4. Number of contact tracers 


  


Additional 


Guidance 


If exact numbers are difficult to obtain, please provide the best estimate for these data 


elements and provide an explanation in the note section. 


 


Case investigators and contact tracers are not expected to be mutually exclusive or spend 


100% of their time on one these tasks. It is understood that case investigators may perform 


some contact tracing activities and vice versa.  


 


Definitions:  


 


Total number of cases should include all confirmed and, if possible, probable.  


 


“Number of case investigators” is the total number of staff who were assigned cases to 


contact for an interview 


 
“Number of contacts” is the total number of contacts identified through case interviews. 


  


“Number of contact tracers” is the total number of staff assigned to follow up on contacts  


 


Potential Calculations (performed by ELC): 
 


1. Caseload per case investigator 
2. Caseload per contact tracer 


 


  


Target No target 


  


Recommended 


Data Source 


Case investigation management system, Contact tracing management system 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 
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Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.18: Timeliness, completeness, and effectiveness of case interviews among the cases 
sent for case investigation during the data collection period  


Applicable 


Recipients 


All recipients 


  


Rationale The intent of this measure is to monitor the timeliness of completion of case interviews 


following the report of a case to the health department. Conducting timely case interviews 


increases the likelihood of quickly identifying and notifying contacts, allowing for more timely 


detection of additional COVID-19 cases.  Rapid case follow- up is essential to mitigate the 


spread of disease. 


  


Data Elements 1. Number of cases that completed an interview 
 


2. Number of cases interviewed within 1 day of report to case investigations team 
 


3. Number of cases that provided at least one contact 
 


4. Number of cases that were successfully contacted but did not complete an interview 
 
5. Number of cases that did not respond to contact attempts  
 


  


Additional 


Guidance 


If exact numbers are difficult to obtain, please provide the best estimate for these data 
elements and provide an explanation in the note section.  
 
Definitions:  
 
“Cases that completed an interview” is defined as the active engagement with a case or 
proxy to conduct an interview, beyond notification of positive result or scheduling a time for 
interview. This can also include interviews that do not result in contact tracing efforts based 
on prioritization algorithms. 
 
“Successfully contacted but did not complete interview” refers to a case who responded to 
outreach attempts from the health department but was unable to (or refused to) complete an 
interview 
 
“Did not respond to contact attempts” refers to when one or more attempt was made by the 
health department to contact the case, but the attempt was unsuccessful.  
 
 
Potential calculations (performed by ELC):  
 


1. Percent of cases that completed an interview among the total cases sent to the 
health department 


2. Percent of cases that completed an interview within 1 day of report among those 
who completed an interview 


3. Percent of cases that did not complete an interview among those that were 
successfully contacted 


4. Percent of cases that provided contacts among those that complete an interview 
5. The average number of contacts provided by cases that completed an interview  


 


  


Target The target for this measure is still under development; there is a need to see what is realistic 


and how this target needs to change over time, depending on epidemiology and capacity.  


There is no expectation that 100% of cases would be interviewed.   
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Recommended 


Data Source 


Case investigation data system 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.19: Timeliness of contact tracing during the data collection period  


Applicable 


Recipients 


All recipients 


  


Rationale The intent of this measure is to monitor the timeliness of contact notification following a case 


report to the health department. Identifying and notifying contacts of cases in a timely 


manner allows for detection and mitigation of possible transmission.  


  


Data Elements 1. Total number of contacts notified 
 


2. Number of contacts notified within 1 day of case interview 
 


  


Additional 


Guidance 


If exact numbers are difficult to obtain, please provide the best estimate for these data 
elements and provide an explanation in the note section.  
  
 
Definitions: 
 
“Notified” means that a person is informed of their potential exposure to a COVID-19 case.  
Method of notification is not defined and can vary depending on notification methods (text, 
phone, email, other).  Notification does not necessarily require an interview. 


  


Target The target for this measure is still under development; there is a need to see what is realistic 


and how this target needs to change over time, depending on epidemiology and capacity.  


There is currently no expectation that 100% of contacts would be notified within 1 day.   


  


Recommended 


Data Source 


Contact tracing data system 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.20: Effectiveness of contact tracing to interrupt the transmission of COVID-19 during 
the data collection period  


Applicable 


Recipients 


All recipients 


  


Rationale Contacts enrolling in symptom monitoring program and the capacity to reach contacts to 


recommend quarantine or isolation and monitor symptoms is important to interrupt the 


transmission of CoVID-19.  


 


The number of cases that were known to be contacts is an important metric to collect 


because new cases that are not identified as contacts in the previous 14 days could indicate 


spread of COVID-19 in the community that is unknown to the health department. This could 


reduce the effectiveness of case investigations and contact tracing efforts. 


  


Data Elements 1. Number of new cases that were identified (or known) as contacts in the previous 14 
days 


 


  


Additional 


Guidance 


If exact numbers are difficult to obtain, please provide the best estimate for these data 
elements and provide an explanation in the note section.  
 
Potential calculations (performed by ELC):  
1. Percent of new cases that were identified (or known) as contacts in the previous 14 


days among the number of cases. 


  


Target The target for this measure is still under development; there is a need to see what is realistic 


and how this target needs to change over time, depending on epidemiology and capacity.  


There is currently no expectation that 100% of contacts would agree to symptom monitoring.   


  


Recommended 


Data Source 


Case surveillance and contact tracing data system 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.21: Timeline of the case investigation process from specimen collection to contact 
notification during the data collection period  
 


Applicable 


Recipients 


All recipients 


  


Rationale The timeliness of sample collection to contact notification to mitigate the spread of CoVID-19 


is dependent on several different points within the case investigation process. These 


different points can be used to identify areas where contact tracing is being delayed.  


  


Data Elements 1. Median and range for the number of days between specimen collection and report of 
case to the health department  
 


2. Median and range for the number of days between the report of the case to the health 
department to a case interview completion 


 
3. Median and range of the number of days between when a case interview is completed 


to when any identified contacts were notified 


  


Additional 


Guidance 


 


 


  


Target No target at this time.   


  


Recommended 


Data Source 


Laboratory reports, case surveillance and contact tracing systems 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.22: Among contacts notified, proportion tested for COVID-19/SARS-CoV-2 at least 
once, within 14 days of notification during the data collection period  


Applicable 


Recipients 


This measure will no longer be collected. 


  


Rationale Obtaining information on the extent of testing among contacts is important because it 


reflects both testing capacity and public health intervention to reduce the spread of COVID-


19.  Monitoring the extent of testing conducted within contact tracing process is important for 


better understanding how contact tracing programs are implemented and evolve over time, 


across jurisdictions.  


  


Data Elements 1. Number of contacts tested for COVID-19/SARS-CoV-2 at least once, within 14 days of 
notification out of the number of contacts notified 


  


  


Additional 


Guidance 


“Testing” can be by self-report or lab result received (assuming negative lab results come to 


recipient).  Tested using a diagnostic test, for current/active infection, not antibody testing. 


Antibody testing should not be included in this measure. 


 


Testing capacity and testing protocols vary across recipients, so it may be difficult to 


compare this measure across recipients.  Some contacts may be appropriately managed 


without testing, so this measure does not reflect the percent of contacts who were 


appropriately managed. Some testing may be difficult to capture, if the contact is tested on 


their own or if there are gaps in reporting of testing to the health department (by testing 


agencies or the contact). 


  


Target No target at this time.   


  


Recommended 


Data Source 


Contact tracing data system 


  


Reporting 


Frequency 


Monthly (Schedule included in Appendix C of the guidance) 


  


Reporting 


Mechanism 


☒ REDCap 


☐ CDC currently has this data and there is no need to report it at this time. 


 


 


  







Version Date: August 4, 2021 


pg. 43 
 


Measure E.23: Number of health department staff who can perform healthcare infection control 
assessments at the state and local level 


Applicable 


Recipients 


All recipients 


  


Rationale Strengthening the infection prevention and control expertise can influence a health 


department’s ability to respond to COVID-19 and other infectious diseases outbreaks. 


Tracking the number of people who can perform infection control assessments in healthcare 


settings is an essential component of monitoring progress and identify areas for 


improvement or point to gaps in IPC workforce development at the state and local level. 


  


Data Elements 1. Number of staff who can independently and capably perform an infection control 
assessment in healthcare facilities, provide prevention and outbreak response 
recommendations to facilities, and follow-up with facilities to ensure gaps have been 
mitigated.  
a. Number of state HD staff  


b. Number of local HD staff  


c. Number of other staff (e.g., staff working at medical schools, nursing schools, 


regional teams, partnerships etc.) 


  


Additional 


Guidance 


Health department staff can include hired and/or contracted by the HD. 


 


Please refer to the REDCap user guide on HAI/AR Performance Measured for step-by-step 


instructions on completing this form. 


 


  


Target N/A 


  


Recommended 


Data Source 


N/A 


  


Reporting 


Frequency 


Twice per year 


  


Reporting 


Mechanism 


☒ REDCap (HAI/AR Performance Measures 2020 - 2021 (BP2) REDCap Project) 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.24: Number of proactive healthcare infection control assessments conducted by the 
health department or designee for COVID-19.  
 


Applicable 


Recipients 


All recipients 


  


Rationale The health department plays a critical role in responding to possible COVID-19 HAI/AR 


outbreaks. Understanding the proactive assessments conducted allows CDC and the HDs to 


track IPC issues requiring the greatest public health support. Beyond the infection control 


assessments, HDs should follow up after the assessment to support healthcare settings in 


implementing recommendations. 


  


Data Elements 1. Number of healthcare facilities where a proactive (prevention-based) infection control 


assessment was conducted by the health department or designee, by method:  


a. Remote (e.g., Tele-ICAR, video-ICAR) 


b. On-site  


  


Additional 


Guidance 


Provision of remote/onsite assistance to assess infection control issues may be done 


directly by the Recipient or through the support of a local health department, academic 


partner, contractor, consultant, or other entity (designee) for which the Recipient can assure 


the quality of services provided. 


 


Prevention-based assessments require use of a structured form for data collection, such as 


CDC tele-ICAR tool (or similar state/local developed tool). 


 


Proactive infection control assessments are those that focus on facilities considered to be at 


high risk for COVID-19 outbreaks, with the goal of improving infection control practices to 


reduce transmission of COVID-19. This type of infection control assessment is distinct from 


response-driven infection control assessments that are focused on facilities where COVID-


19 or other HAI/AR infections outbreaks have been identified.  


 


Please refer to the REDCap user guide on HAI/AR Performance Measured for step-by-step 


instructions on completing this form. 


 


  


Target N/A 


  


Recommended 


Data Source 


N/A 


  


Reporting 


Frequency 


 Twice per year 


  


Reporting 


Mechanism 


☒ REDCap (HAI/AR Performance Measures 2020 - 2021 (BP2) REDCap Project) 


☐ CDC currently has this data and there is no need to report it currently. 
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Measure E.25: Number of COVID-19 outbreaks and responses in healthcare settings 


Applicable 


Recipients 


All recipients 


  


Rationale Rapid and structured response is critical to the successful containment of COVID-19 in all 


healthcare settings. An understanding of this information can help CDC and HD quantify the 


extent of the issue and assess whether timely and efficient response is implemented. 


  


Data Elements 1. Number of possible COVID-19 outbreaks that met the threshold for additional 


investigation 


2. Of the possible COVID-19 outbreaks, number for which any response was provided   


  


Additional 


Guidance 


Response refers to a series of actions on the part of public health authorities to assess 


specific, acute HAI/AR risks and prevent further harm. Response efforts may take the form 


of consultation regarding IPC activities, remote or on-site assessments, or other IPC 


technical assistance (e.g. cohorting or testing strategies, return to work criteria, PPE 


optimization, mitigating staffing shortages), to facilities with COVID-19 infections among 


residents/patients or HCP. Note that definition of “outbreak”, “responded to” and “specified 


time period” is defined in the REDCap reporting template.  


 


Please refer to the REDCap user guide on HAI/AR Performance Measured for step-by-step 


instructions on completing this form. 


 


  


Target N/A 


  


Recommended 


Data Source 


N/A 


  


Reporting 


Frequency 


 Twice per year 


  


Reporting 


Mechanism 


☒ REDCap (HAI/AR Performance Measures 2020 - 2021 (BP2) REDCap Project) 


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.26:  Number of new or enhanced laboratory technologies procured, maintained, or 
implemented to improve laboratory response capacity 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands  


  


Rationale When PHLs have the capacity to conduct multiple types of tests in a timely manner, public 


health is better able to detect SARS-CoV-2, respond to areas of increased incidence of 


COVID-19, and identify populations that require more thorough mitigation measures. Current 


funding opportunities allow PHLs to bolster their laboratory technology, including adding new 


equipment, maintaining existing equipment, and managing service agreements for both new 


and existing equipment. These data will serve initially as a baseline for current testing 


capacity in terms of technology and will allow CDC to monitor how funds have been used to 


build on that technology over the course of the project. 


  


Data Elements 1. Have any of the following automated and/or high-throughput laboratory platforms, 


service agreements, and/or reagents been procured by your public health laboratory 


using Strengthening PHL Preparedness funds? Please select “yes” for all platforms that 


apply. If platform is not listed in the table, please add to “Other”.  


 Platforms 
Number of 
platforms 


Service Agreements 
Reagents
/Supplies 


Bruker MALDI-TOF 
Microflex System 


☐ 
(drop down 
menu 1,2) 


Number for Newly 
Acquired Equipment (drop 
down 0,1,2) 


☐ 
Number for Existing 
Equipment (drop down 
0,1,2) 


KingFisher FLEX (96 
well Deep Head) 
System 


☐ 
(drop down 
menu 1,2) 


Number for Newly 
Acquired Equipment (drop 
down 0,1,2) 


☐ 
Number for Existing 
Equipment (drop down 
0,1,2) 


Sequencer  


☐ 


(drop down 
menu 0, 


1,2,3,4 or 
more) 


Number for Newly 
Acquired Equipment (drop 
down 0,1,2,3,4 or more) 


☐ 


- MinION 


- Illumina Iseq100 


- GridION 


- MiniSeq Number for Existing 
Equipment (drop down 
0,1,2,3,4 or more) 


- NextSeq 


- Others (please specify)  


Extraction platform 


☐ 


(drop down 
menu 0, 
1,2,3) 


Number for Newly 
Acquired Equipment (drop 
down 0,1,2,3)  ☐ 


- Qiagen EZ1 Advanced 
XL 


- Roche MagNAPure 24 


- Roche MagNA Pure 96 Number for Existing 
Equipment (drop down 
0,1,2,3) - Others (please specify)  


Other __________   
(Should include other 
instruments such as 
liquid handlers/robotics) 


☐ 
(drop down 
menu 1,2,3) 


Number for Newly 
Acquired Equipment (drop 
down 0,1,2,3) 


☐ 
Number for Existing 
Equipment (drop down 
0,1,2,3) 
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2. Have any of the following bioinformatics enhancements been procured by your public 


health laboratory using Strengthening PHL Preparedness funds?  Select all that apply. 


If not applicable, please leave blank and provide explanation in the comments. 


Computer(s) ☐ 1, 2, 3, 4 or more 


Storage (hardware or cloud based) 
 


☐ Description (e.g. Linux,  
Google, AWS, etc.)  


Bioinformatics analysis software  ☐ Description (e.g. 
BioNumerics, etc) 


Other bioinformatics enhancements ☐ Description 


 


  


  


Additional 


Guidance 


For E.26, “Newly Acquired” refers to purchases made with Project E (Emerging 
Issues): Strengthening PHL Preparedness (CK19-1904).  "Existing" refers to equipment or 
supplies purchased using other (federal, state, etc.) funds.  
 
For E.26.1, “Other” may include instruments such as liquid handlers/robotics or other 
extraction and sequencing equipment not provided in the drop-down menu. 


  


Target Recipients must meet the following targets where applicable: 
1. Procure a mass spectrometer, Bruker MALDI-TOF, Kingfisher FLEX (96 well Deep 


Head) 
2. Procure Next Generation sequencing (NGS) technologies for implementation of 


genetic sequencing to further characterize pathogens, toxins, and emerging 
infectious diseases 


3. Procure nucleic acid extraction equipment and/or necessary maintenance 
agreements 


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Semi-annual 


  


Reporting 


Mechanism 


☒ REDCap  


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.27:  Number of biothreat samples shipped to designated LRN reference laboratory or 
CDC 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands  


  


Rationale By sending samples for further characterization of biothreat samples, PHLs help strengthen 


response capabilities by contributing to laboratory testing infrastructure. CDC will use this 


measure to monitor the amount of funding recipients need to adequately ship samples when 


necessary. 


  


Data Elements 1. Were any samples sent to a LRN reference laboratory? (Yes/No/Not Applicable) 
a. If yes, how many samples were sent to a LRN reference laboratory? 


2. Were any samples sent to CDC? (Yes/No) 
a. If yes, how many samples were sent to CDC? 


  


  


Additional 


Guidance 


Shipment of biothreat isolates or specimens to an LRN reference laboratory or to CDC for 


further rule out testing or characterization is acceptable.   


  


Target  


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Quarterly 


  


Reporting 


Mechanism 


☒ REDCap  


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.28:  Enhancing laboratory information infrastructure for LRN testing methodologies 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands  


  


Rationale Enhancement and expansion of laboratory information infrastructure between local, state, 


and national laboratories will enable faster, dynamic, and more complete data exchange and 


reporting.  With more efficient reporting practices, public health is better able to detect 


SARS-CoV-2, respond to areas of increased incidence of COVID-19, and identify 


populations that require more thorough mitigation measures. These data inform CDC on 


how LRN methodologies are being prioritized in the context of information exchange. 


  


Data Elements 1. Has your laboratory implemented ELR for LRN testing methodologies? (Yes/In 
Progress/No/Not Applicable) 
a. If no, please explain limitations or challenges in implementing ELR for LRN testing 


methodologies. 
2. What enhancements have been accomplished within your laboratory information 


system infrastructure within this reporting period using Strengthening PHL 
Preparedness funds?    


3. Please explain the plan for enhancements for the reporting period. 
 


  


  


Additional 


Guidance 


 


  


Target Implementation of ELR for LRN testing methodologies, when applicable  


  


Recommended 


Data Source 


 


  


Reporting 


Frequency 


Semi-annual 


  


Reporting 


Mechanism 


☒ REDCap  


☐ CDC currently has this data and there is no need to report it at this time. 
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Measure E.29:  Number of SARS-CoV-2 specimens sent to CDC for sequencing per month 
 


Applicable 


Recipients 


All states, NYC, DC, Philadelphia, Houston, Los Angeles County, American Samoa, Guam, 


Marshall Islands, Northern Mariana Islands, Federated States of Micronesia, Palau, Puerto 


Rico, and US Virgin Islands  


  


Rationale As SARS-CoV-2 continues to evolve and more variants of the virus are identified, the ability 


for laboratories to sequence SARS-CoV-2 specimens allows public to identify where those 


variants exist and how public health should respond. PHLs should aim to increase the 


number of SARS-CoV-2 specimens sent to CDC for sequencing for that effort. This 


performance measure will indicate growth of sequencing and facilitate the use of genomic 


sequence data in the response to SARS-CoV-2 and other emerging pathogens on a national 


level. 


  


Data Elements 1. The number of SARS-CoV-2 specimens sent to CDC for sequencing each month. 


The following information must be submitted for cases: 


a. Viral Ct value  


b. Host control Ct (RNase or whatever is used in the assay)  
c. Sample collection date  
d. Patient information:  


i. Residence by country and (where relevant) state and county  
ii. Race/ethnicity  
iii. Age in years  
iv. Gender  
vi. Hospitalized (yes/no/unknown)  
vii. Death (yes/no/unknown)  
viii. Optional: Other relevant information  


  


  


Additional 


Guidance 


The number of specimens sent to CDC should be counted starting from February 2021.  


 


This measure still applies to all jurisdictions, including those with very few or no COVID 


cases. It is understood these jurisdictions may or may not make targets. 


  


Target Minimum: 20 specimens sent to CDC per month 
Based on population size, the ultimate target by state is listed in Appendix 2 of this doc: 
NS3-Submission-Guidance.pdf (aphl.org) 


  


Recommended 


Data Source 


LIMS 


  


Reporting 


Frequency 


Monthly 


  


Reporting 


Mechanism 


☐ REDCap  


☒ CDC currently has this data and there is no need to report it at this time. 



https://www.aphl.org/programs/preparedness/Crisis-Management/Documents/NS3-Submission-Guidance.pdf
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Appendix A. Reporting mechanism by measure 


ID Measure REDCap 


CDC has 
data and 
will share 


with 
recipients 


E.1 Median number of days from specimen collection date to date of 
report of final test result for COVID-19/SARS-CoV-2 molecular 
diagnostic tests 


X X 


E.2 Number of COVID-19/SARS-CoV-2 tests completed by test 
type, race/ethnicity, and result 


 X 


E.3 Proportion of COVID-19/SARS-CoV-2 laboratory test results 
submitted to CDC with complete information 


 X 


E.4 Biosafety outreach and guidance provided by PHLs and/or the 
health department to COVID-19/SARS-CoV-2 testing sites 


X  


E.5 Percent of COVID-19 cases submitted to CDC that include 
complete and meaningful responses for key data elements. 


 X 


E.6 Proportion of COVID-19 cases with individual-level data 
submitted to CDC. 


 X 


E.7 Median number of days from date of first positive specimen 
collection (or when not available, diagnosis date) to date 
COVID-19 case is reported to CDC 


 X 


E.8 Percent of facilities reporting emergency department (ED) visits 
to the National Syndromic Surveillance Program (NSSP). 


 X 


E.9 Completeness of priority data elements in ED visits reported to 
NSSP 


 X 


E.10 Percent of regularly reporting ILINet providers and the number 
of patient visits captured in ILINet each week both within and 
outside the Core Based Statistical Areas (CBSAs) 


 X 


E.11 Percent of labs reporting influenza and COVID-19/ SARS-CoV-2 
via PHLIP 2.5.1 to CDC and the percent completeness of key 
data elements for respiratory virus specimens tested at the 
public health laboratory (PHL) 


 X 


E.12 Number of healthcare organizations engaged to implement 
electronic case reporting (eCR) 


X  


E.12a Number of conditions published to production in Reportable 


Conditions Knowledge Management System (RCKMS). 
X  


E.13 Proportion of state reportable disease cases with an electronic 
initial case report (eICR) submitted   


X  


E.14 Demonstration of automatic processing of electronic initial case 
reports (eICRs) in the jurisdiction integrated surveillance 
system(s) 


X  


E.15 Proportion of test orders and results processed through 
Electronic Test Orders and Results Reporting (ETOR) at the 
PHL (this measure only applies to tests conducted at the public 
health laboratory) 


X  


E.16 Systems/programs at the PHL with ETOR interfaces X  
E.17 Caseload, number of cases per case investigator and number of 


contacts per contact tracer during the data collection period 
X  


E.18 Timeliness, completeness, and effectiveness of case interviews 
among the cases sent for case investigation during the data 
collection period 


X  


E.19 Timeliness of contact tracing during the data collection period X  
E.20 Effectiveness of contact tracing to interrupt the transmission of 


COVID-19 during the data collection period 
X  
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ID Measure REDCap 


CDC has 
data and 
will share 


with 
recipients 


E.21 Timeline of the case investigation process from specimen 
collection to contact notification during the data collection period 


X  


E.22 Among contacts notified, proportion tested for COVID-19/SARS-
CoV-2 at least once, within 14 days of notification during the 
data collection period 


X  


E.23 Number of health department staff who can perform healthcare 
infection control assessments at the state and local level 


X  


E.24 Number of proactive healthcare infection control assessment 
and response (ICAR) conducted by the health department or 
designee for COVID-19. 


X  


E.25 Number of COVID-19 outbreaks and responses in healthcare 
settings 


X  


E.26 Number of new or enhanced laboratory technologies procured, 
maintained, or implemented to improve laboratory response 
capacity 


X  


E.27 Number of biothreat samples shipped to designated LRN 
reference laboratory or CDC 


X  


E.28 Enhancing laboratory information infrastructure for LRN testing 
methodologies 


X  


E.29 Number of SARS-CoV-2 specimens sent to CDC for sequencing 
per month  X 
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Appendix B. Reporting frequency (for recipient-reported measures only) 
 


ID Measure Reporting Frequency 


E.1 Median number of days from specimen collection date to date of 
report of final test result for COVID-19/SARS-CoV-2 molecular 
diagnostic tests 


Quarterly 


E.4 Proportion of COVID-19/SARS-CoV-2 testing sites that received 
biosafety guidance and conducted laboratory risk assessments 


Twice per year 


E.12 Number of healthcare organizations engaged to implement 
electronic case reporting (eCR) 


Quarterly 


E.12a Number of conditions published to production in Reportable 
Conditions Knowledge Management System (RCKMS). 


Quarterly 


E.13 Proportion of state reportable disease cases with an electronic 
initial case report (eICR) submitted 


Twice per year 


E.14 Demonstration of automatic processing of electronic initial case 
reports (eICRs) in the jurisdiction integrated surveillance 
system(s) 


Twice per year 


E.15 Proportion of test orders and results processed through Electronic 
Test Orders and Results Reporting (ETOR) at the PHL (this 
measure only applies to tests conducted at the public health 
laboratory) 


Twice per year 


E.16 Systems/programs at the PHL with ETOR interfaces Annually 


E.17 Caseload, number of cases per case investigator and number of 
contacts per contact tracer during the data collection period 


Monthly 


E.18 Timeliness, completeness, and effectiveness of case interviews 
among the cases sent for case investigation during the data 
collection period 


Monthly 


E.19 Timeliness of contact tracing during the data collection period Monthly 


E.20 Effectiveness of contact tracing to interrupt the transmission of 
COVID-19 during the data collection period 


Monthly 


E.21 Timeline of the case investigation process from specimen 
collection to contact notification during the data collection period 


Monthly 


E.22 Among contacts notified, proportion tested for COVID-19/SARS-
CoV-2 at least once, within 14 days of notification during the data 
collection period 


Monthly  


E.23 Number of health department staff who can perform healthcare 
infection control assessments at state and local level 


Twice per year 


E.24 Number of proactive healthcare infection control assessment and 
response (ICAR) conducted by the health department or designee 
for COVID-19. 


Twice per year 


E.25 Number of COVID-19 outbreaks and responses in healthcare 
settings 


Twice per year 
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ID Measure Reporting Frequency 


E.26 Number of new or enhanced laboratory technologies procured, 
maintained, or implemented to improve laboratory response 
capacity 


Twice per year 


E.27 Number of biothreat samples shipped to designated LRN 
reference laboratory or CDC 


Quarterly 


E.28 Enhancing laboratory information infrastructure for LRN testing 
methodologies 


Twice per year 
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Appendix C. PM reporting timeline for measures reported via REDCap for Year 2 


 
Area Measure # Frequency Data Collection Period Data Submission Period 


Strengthening 


laboratory 


testing 


 


E.1, E.27 Q1 May 1 - Jul 31, 2021 Jul 31 - Aug 31, 2021  


Q2 Aug 1 - Oct 31, 2021 Oct 31 - Nov 30, 2021  


Q3 Nov 1, 2021 - Jan 31, 2022  Jan 31 - Feb 28, 2022  


Q4 Feb 1 - Apr 30, 2022  Apr 30 - May 31, 2022  


E.4, E.26, E.28 Twice per year May 1 - Oct 31, 2021  Oct 31 - Nov 30, 2021   


Twice per year Nov 1, 2021 - Apr 30, 2022 Apr 30 - May 31, 2022  


Advancing 


electronic data 


exchange 


 


E.12, E.12a Q1 May 1 - Jul 31, 2021 Jul 31 - Aug 31, 2021  


Q2 Aug 1 - Oct 31, 2021 Oct 31 - Nov 30, 2021  


Q3 Nov 1, 2021 - Jan 31, 2022  Jan 31 - Feb 28, 2022  


Q4 Feb 1 - Apr 30, 2022  Apr 30 - May 31, 2022  


E.13, E.14, E.15 Twice per year May 1 - Oct 31, 2021   Oct 31 - Nov 30, 2021   


Twice per year Nov 1, 2021 - Apr 30, 2022  Apr 30 - May 31, 2022  


E.16 Once per year As of July 31, 2021 Jul 31 - Aug 31, 2021 


Enhancing 


investigation, 


response and 


prevention 


 


 


E.17, E.18, E.19, E.20, 


E.21, E.22 


 


Month 1 Jul 1 - Jul 31, 2021 Jul 31 - Aug 14, 2021 


 2 Aug 1 - Aug 31, 2021 Aug 31 - Sep 14, 2021 


 3 Sep 1 - Sep 30, 2021 Sep 30 - Oct 14, 2021 


 4 Oct 1 - Oct 31, 2021 Oct 31 - Nov 14, 2021 


 5 Nov 1 - Nov 30, 2021 Nov 30 - Dec 14, 2021 


 6 Dec 1 - Dec 31, 2021 Dec 31, 2021 - Jan 14, 2022 


 7 Jan 1 - Jan 31, 2022 Jan 31 - Feb 14, 2022 


 8 Feb 1 - Feb 28, 2022 Feb 28 - Mar 14, 2022 


 9 Mar 1 - Mar 31, 2022 Mar 31 - Apr 14, 2022 


 10 Apr 1 - Apr 30, 2022 Apr 30 - May 14, 2022 


 11 May 1 - May 31, 2022 May 31 - Jun 14, 2022 


 12 Jun 1 - Jun 30, 2022 Jun 30 - Jul 14, 2022 


E.23, E.24, E.25 


(Infection Prevention 


and Control) 


Twice per year Jan 1 - Jul 31, 2021 Due date Sep 30, 2021 


Twice per year Aug 1 - Dec 31, 2021   Due date Jan 31, 2022 
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Rezwana Uddin
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State, Tribal, Local, and Territorial Support Task Force (STLT TF) 
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Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS H21-5, Atlanta, GA 30349-4027





EOCevent424@cdc.gov
  





 





 





August 4, 2021   





 





CDC Resources    





*	CDC Issues Eviction Order in Areas of Substantial and High Transmission: CDC Director Dr. Rochelle Walensky signed an order determining the evictions of tenants for failure to make rent or housing payments could be detrimental to public health control measures to slow the spread of SARS-CoV-2. This order will expire on October 3, 2021 and applies in United States counties experiencing substantial and high levels of community transmission levels of SARS-CoV-2. 


*	Overall US COVID-19 Vaccine Distribution and Administration Update as of Tue, 03 Aug 2021 06:00:00 EST: CDC’s COVID Data Tracker has updated maps, charts, and data for various vaccine-related metrics. 


*	Laws and Regulations: CDC has updated the most recent laws and regulations related to the COVID-19 pandemic. 


*	Staffing Resources: Recent update of the map shows CDC deployments and field staff. 


*	Cruise Ship Color and Commercial Travel Status: CDC has updated guidance for fully vaccinated people based on new evidence on the Delta variant. 


*	What to Consider When Planning to Operate a COVID-19 Vaccine Clinic: CDC shares strategies jurisdictions can use to plan, optimize, and maximize operations at all types of temporary COVID-19 vaccination clinics. 


*	Families & Children: CDC has updated guidance for parents, families, and organizations that care for children. 


*	CDC Science Agenda for COVID-19: CDC has updated a guide intended to strengthen the public health actions, guidance, and policy essential to limit the spread and impact of SARS-CoV-2 and ultimately end the COVID-19 pandemic. 





 





Upcoming Meetings 





*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 9th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. If you would like to register for this event, please click here.  





 





Additional Resources 





*	Beyond School Supplies: Back to School Reminders & Readiness 


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -  Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them. 





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.    
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HHS COVID-19 Update - 8/5

		From

		HHS IEA (OS/IEA)

		To

		HHS IEA (OS/IEA)

		Recipients

		HHSIEA@hhs.gov



Dear Partner:


 


HHS Office of Intergovernmental and External Affairs COVID-19 update for August 5, 2021:


 


Highlights from President Biden’s August 3rd Remarks on Fighting the COVID-19 Pandemic


 





*	Delta Variant and Transmissibility: President Biden stated that because the Delta variant is highly transmissible, it is causing a new wave of cases, accounting for over 80% of cases in the United States today, with a likelihood of an increase in cases in the future. Biden states that the predicted increase is “a largely preventable tragedy that will get worse before it gets better.”


*	COVID-19 and Vaccines: Biden stated that the best way to protect yourself from COVID-19 is to get vaccinated; if vaccinated, it is highly unlikely to get COVID-19 and, if you contract the virus, you will likely experience mild symptoms if any. The data shows that the vast majority of cases, hospitalizations, and deaths due to COVID-19 are from the unvaccinated population. Biden commented, “The best line of defense against the virus is the vaccine… We have a pandemic of the unvaccinated.”


*	Data of Increased Vaccination: Biden reported a 55 percent increase in the average number of new people getting vaccinated every day in the past two weeks, and the highest seven-day total in a month. The eight states with the highest current case rates have seen a doubling of the number of people newly vaccinated each day. Biden declared that “we have to continue our aggressive efforts to vaccinate the unvaccinated.”


*	Federal Steps to Incentivize Vaccination: Biden outlined steps taken by his administration and other government-affiliated organizations to increase vaccinations. Places that have offered $100 to get vaccinated have seen an uptick of 25 percent of daily vaccination rates. Biden reiterated his plan to reimburse small- and medium-sized businesses who give paid time off to their employees to get vaccinated, to work with the Pentagon on adding COVID-19 to required vaccines for troops, and to require healthcare workers in the Department of Veterans Affairs to be vaccinated. Biden stated that these restrictions are “tough, unpopular steps to keep people safe and our economy strong.”


*	States’ Lack of Action on COVID: President Biden stated that many states’ harmful laws on mask mandates is disappointing and harmful; seven states have both banned mask mandates statewide and in schools while many students are not yet eligible to be vaccinated. The president cited these measures and accompanying low vaccination rates as the cause of the rise of cases, citing Florida and Texas as accounting for a third of all new cases. Biden declared that “COVID-19 is a national challenge, and we must come together — we have to come together — all of us together, as a country, to solve it.”


*	Vaccination Abroad: Biden stated that a global attack on the virus is in the United States’ national interest. New, potentially more dangerous variants (such as the Delta variant) can mutate outside of the United States and threaten the country if a global approach is not taken. Biden highlighted American action in global vaccination, announcing that he will purchase and donate 500 million doses from Pfizer; he also stated that the U.S. has domestically manufactured 110 million doses for global vaccination. Biden reiterated that he’s “been very clear-eyed that we need to attack this virus globally, not just at home, because it’s in America’s self-interest to do so.”





 


Highlights from the White House COVID-19 Response Team Briefing 


 


Jeff Zients





*	Update on Progress in the Fight Against COVID: Mr. Zients highlighted how, driven by the Delta variant, cases are continuing to rise, especially among the unvaccinated. Zients states that over the past seven days, seven states — among the leaders in unvaccinated percentage — accounted for half of the new cases and hospitalizations despite holding less than a quarter of US population; vaccines are the best way to protect against COVID. Vaccinations are on the rise; the past 24 hours served as the greatest number of vaccinations in a single day since July 3 and the daily average of vaccinations has increased for the fourth week in a row. Zients said that “clearly Americans are seeing the impact of being unvaccinated and unprotected and they respond by doing their part, rolling up their sleeve, and getting vaccinated.”


*	Action on Vaccination Requirements: Mr. Zients reiterated President Biden’s call for federal workers and contractors to get vaccinated and notes the further requests for similar requirements in the private sector. Zients stated that over 650 colleges and universities are requiring students and staff on campus to be vaccinated and nationwide, over 100 hospitals and healthcare systems are requiring healthcare professionals to be vaccinated. “America’s businesses, large and small, universities and medical schools, and many other institutions are stepping up on vaccination requirements and our message is quite simple: we support these vaccination requirements to protect workers, communities, and the country,” Zients said.


*	COVID-19 Surge Response Teams: Mr. Zients stated that the COVID-19 Surge Response Teams are in 16 states and addressing each state’s specific needs, whether that is increased testing, mobile vaccination clinics, or hospital capacity. Zients noted the hundreds of federal employees deployed to the states that are assisting in combatting COVID. “Our whole of government response,” Zients said, “will continue its relentless efforts to end this pandemic and deliver progress each and every day.”





 


Dr. Walensky





*	COVID-19 Case Update: Dr. Walensky stated that on August 3, the CDC reported 103,455 new cases of COVID with a 7-day average of about 89,463 cases per day, representing an increase of 43.3% from last week. Hospitalizations and deaths from this week compared to the last increased significantly; deaths rose 39.3 percent. Walensky stated that 83% of counties within the United States are experiencing moderate or high transmission. Those at high risk remain people who have not yet been vaccinated. Walensky said that “now is the time to get vaccinated. We know these vaccines are working and we know that they save lives.”





 


Dr. Fauci





*	Vaccine Hesitancy and Concern Over Development Speed: In response to Americans worried about the speed of the development of the vaccine, Dr. Fauci outlined the various ways in which the vaccine is safe and not rushed: the investment of logistics and resources, the decades of prior research (both in platform technology and immunogen), the non-sequential investment in vaccine development, and the reuse of clinical trial sites originally built for HIV and influenza further sped the development. Fauci said that the vaccine “did not go too fast; it was a major investment both in the logistics, the resources, and the clinical and basic research.”





 


Dr. Murthy





*	Vaccine Efficacy: Dr. Murthy stated that the COVID-19 vaccines protect against the Delta variant, both at reducing the risk of infection and the severity if infected. Murthy said that “breakthrough infections of vaccinated people are the exception, not the rule.” 


*	Meeting of Living Surgeons General: Yesterday, Dr. Murthy met with the living former surgeons general to discuss the vaccination effort with equity being at the forefront. The meeting covered health misinformation, ensuring that communities of color and rural areas are not left behind, and engaging with trusted community messengers. Murthy stated that “this gathering of surgeons general reflected the diversity of our nation, and it was emblematic of what we have to do together to defeat the virus.”






Testing and Treatment


 


FDA Testing Updates: As of August 3, 398 tests and sample collection devices are authorized by the FDA under emergency use authorizations (EUAs). These include 279 molecular tests and sample collection devices, 87 antibody and other immune response tests and 32 antigen tests. There are 53 molecular authorizations and one antibody authorization that can be used with home-collected samples. There is one molecular prescription at-home test, three antigen prescription at-home tests, six antigen over-the-counter (OTC) at-home tests and two molecular OTC at-home tests. The FDA has authorized 13 antigen tests and eight molecular tests for serial screening programs. The FDA has also authorized 595 revisions to EUA authorizations.


 


Funding


 


FEMA COVID-19 Funeral Assistance Tops $888 Million: FEMA announced that COVID-19 funeral assistance has now increased to over $888 million to more than 135,000 people to assist with COVID-19-related funeral costs for deaths occurring on or after Jan. 20, 2020. The assistance, easing financial stress, comes from the Coronavirus Response and Relief Supplemental Appropriations Act of 2021 and the American Rescue Plan Act of 2021. Eligibility determinations are not driven by state/location; instead, they are based on when the applicant submits all required documentation.


 


Information for Specific Populations


 


CDC Issues Eviction Order in Areas of Substantial and High Transmission: CDC announced that Director Dr. Rochelle Walensky signed an order on August 3rd determining the evictions of tenants for failure to make rent or housing payments could be detrimental to public health control measures to slow the spread of SARS-CoV-2, the virus that causes COVID-19. This order will expire on October 3, 2021 and applies in United States counties experiencing substantial and high levels of community transmission levels of SARS-CoV-2: This temporary protection from eviction in counties with heightened levels of community transmission exists in order to respond to recent, unexpected developments in the trajectory of the COVID-19 pandemic, including the rise of the Delta variant. It is intended to target specific areas of the country where cases are rapidly increasing, which likely would be exacerbated by mass evictions.


 


CDC Extends Order at the Southern and Northern Land Borders: The Centers for Disease Control and Prevention (CDC) has issued an order under Sections 362 and 365 of the Public Health Service Act, and associated implementing regulations, that temporarily suspends the introduction of certain noncitizens. The order is based on the Director’s determination that introduction of such noncitizens, regardless of their country of origin, migrating through Canada and Mexico into the United States creates a serious danger of the introduction of COVID-19 into the United States, and the danger is so increased by the introduction of such noncitizens that a temporary suspension is necessary to protect the public health. Unaccompanied noncitizen children already excepted under a July 16, 2021, order, remain excepted from the order’s coverage.


 


Readout of the Sixth Covid-19 Health Equity Task Force Meeting: HHS released a readout on Friday, July 30’s, sixth COVID-19 Health Equity Task Force meeting to consider interim recommendations addressing future pandemic preparedness. Task Force Members discussed and voted favorably on interim recommendations, including but not limited to exploring strategies that meet local and regional staffing needs during pandemic response, expanding adequate and evidence-based healthcare access and funding infrastructure to treat patients in congregate settings, establishing and adjusting national standards as well as strategically target funding for water, sewage, and air quality to where it’s needed, based on data from reliable equity indicators.


 


What to Consider When Planning to Operate a COVID-19 Vaccine Clinic: CDC released information regarding what to consider when planning to operate a COVID-19 vaccine clinic. The informational sheet provides guidance to conduct a gap analysis to determine specific geographic areas and specific populations that may benefit from additional sites to improve access to vaccination, work with community leaders and trusted members of the community to help with the success of vaccination clinics, and assess the optimal time to activate a vaccination site and consider the benefits of focused vaccination efforts. The page also page also provides a checklist of best practices for vaccination clinics held at satellite, temporary, or off-site locations. 


 


Know What to Expect at Your Child’s K- 12 School or Child Care Program: CDC released information for parents on what to expect for K-12 school or childcare programs. The page provides information for factors that a child’s school or care program may consider, prevention strategies for these programs, and vaccination and masking.


 


CMS Updates


 


Fiscal Year (FY) 2022 Medicare Hospital Inpatient Prospective Payment System (IPPS) and Long Term Care Hospital (LTCH) Rates Final Rule (CMS-1752-F): CMS announced that, on August 2, 2021, it issued the final rule for fiscal year (FY) 2022 Medicare Hospital Inpatient Prospective Payment System (IPPS) and Long-Term Care Hospital (LTCH) Prospective Payment System (PPS). The final rule updates Medicare payment policies and rates for operating and capital-related costs of acute care hospitals and for certain hospitals and hospital units excluded from the IPPS for FY 2022. The policies in this IPPS and LTCH PPS final rule build on key priorities to close health care equity gaps and support greater access to life-saving diagnostics and therapies during the COVID-19 public health emergency (PHE) and beyond. To continue to mitigate potential financial disincentives for hospitals to provide new COVID-19 treatments and to minimize any potential payment disruption immediately following the end of the PHE, CMS is extending the New COVID-19 Treatment Add-on Payment for eligible COVID-19 products through the end of the fiscal year in which the PHE ends.


 


Research


 


Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine Breakthrough Infections, Associated with Large Public Gatherings: CDC released an MMWR on the outbreak of SARS-CoV-2 infections, including COVID-19 vaccine breakthrough infections, associated with large public gatherings in Barnstable County, Massachusetts in July, 2021. This report was released as an MMWR Early Release on July 30. Variants of SARS-CoV-2 continue to emerge. The B.1.617.2 (Delta) variant is highly transmissible. In July 2021, following multiple large public events in a Barnstable County, Massachusetts, town, 469 COVID-19 cases were identified among Massachusetts residents who had traveled to the town during July 3–17; 346 (74%) occurred in fully vaccinated persons. Testing identified the Delta variant in 90% of specimens from 133 patients. Cycle threshold values were similar among specimens from patients who were fully vaccinated and those who were not. Jurisdictions might consider expanded prevention strategies, including universal masking in indoor public settings, particularly for large public gatherings that include travelers from many areas with differing levels of SARS-CoV-2 transmission. CDC Director Rachelle Walensky, MD, MPH, released an accompanying statement on the MMWR. 

COVID-19 Vaccine Safety in Adolescents Aged 12–17: CDC released an MMWR on COVID-19 vaccine safety in adolescents aged 12–17 in the United States from December 14, 2020 - July 16, 2021. This report was released as an MMWR Early Release on July 30. In preauthorization trials of the Pfizer-BioNTech COVID-19 vaccine, adolescents aged 12–17 years reported local and systemic mild and moderate reactions. Myocarditis has been observed after vaccination with mRNA vaccines in post authorization monitoring. Local and systemic reactions after vaccination with Pfizer-BioNTech vaccine were commonly reported by adolescents aged 12–17 years to U.S. vaccine safety monitoring systems, especially after dose 2. A small proportion of these reactions are consistent with myocarditis. Mild local and systemic reactions are common among adolescents following Pfizer-BioNTech vaccine, and serious adverse events are rare. The Advisory Committee on Immunization Practices conducted a risk-benefit assessment and continues to recommend the Pfizer-BioNTech COVID-19 vaccine for all persons aged ≥12 years.


 


Full-dose Blood Thinners Reduce the Need for Organ Support in Moderately Ill COVID-19 Patients, but Not in Critically Ill Patients: NIH released a report on full-dose blood thinners reducing the need for organ support in moderately ill COVID-19 patients, but not critically ill patients. In April 2020, hospitalized COVID-19 patients received either a low or full dose of heparin, a blood thinner, for up to 14 days after enrollment. By December 2020, interim results indicated that full-dose anticoagulation did not reduce the need for organ support and may even cause harm in critically ill patients. However, one month later, interim results indicated that full doses of heparin likely benefited moderately ill patients. The full study can be viewed here.


 


Long-Term Study of Brain Development Records Pandemic Life: NIH released a report on the analysis of adolescent brains to examine the long-term health impacts caused by the COVID-19 pandemic and shutdowns. Through surveys and tests, the study, from Adolescent Brain Cognitive Development (ABCD) Study and funded by NIH, is capturing the impact of the COVID-19 pandemic on children using an MRI.


 


Case Forecasts: This week’s national ensemble predicts that 350,000 to 1,800,000 new cases will likely be reported in the week ending August 28, 2021. Over the last several weeks, more reported cases have fallen outside of the forecasted prediction intervals than expected. This suggests that current forecast prediction intervals may not capture the full range of uncertainty. Because of this, case forecasts for the coming weeks should be interpreted with caution. View previous case forecasts.


 


Hospitalization Forecasts: This week’s national ensemble predicts that the number of new daily confirmed COVID-19 hospital admissions will likely increase over the next 4 weeks, with 6,700 to 24,000 new confirmed COVID-19 hospital admissions likely reported on August 30, 2021. The state- and territory-level ensemble forecasts predict that over the next 4 weeks, the number of daily confirmed COVID-19 hospital admissions will likely increase in 38 jurisdictions, which are indicated in the forecast plots below. Trends in numbers of future reported hospital admissions are uncertain or predicted to remain stable in the other states and territories. View previous hospitalization forecasts.


 


Death Forecasts: This week’s national ensemble predicts that the number of newly reported COVID-19 deaths will likely increase over the next 4 weeks, with 2,300 to 9,100 new deaths likely reported in the week ending August 28, 2021. The national ensemble predicts that a total of 624,000 to 642,000 COVID-19 deaths will be reported by this date. The state- and territory-level ensemble forecasts predict that over the next 4 weeks, the number of newly reported deaths per week will likely increase in 17 jurisdictions, which are indicated in the forecast plots below. Trends in numbers of future reported deaths are uncertain or predicted to remain stable in the other states and territories. View previous death forecasts.


 


Top Military Medical Doctor Predicts Coronavirus Longevity: DoD released a report on the analysis of COVID-19 longevity according to director of Defense Health Agency, Army Lt. Gen. Ronald J. Place. Place stated his belief that COVID-19 and other such coronaviruses likely will stay in the environment and continue to mutate. Vaccines serve as the way to protect oneself from this lingering threat.


 


 


 


Marvin Figueroa, Director


Office of Intergovernmental and External Affairs


U.S. Department of Health and Human Services


Washington, D.C.


 








COVID-19 Partner Updates: August 06, 2021

		From

		CDC IMS 2019 NCOV Response STLT Partner Engagement

		To

		CDC IMS 2019 NCOV Response STLT Partner Engagement

		Cc

		Weakland, Aliki P. (CDC/DDID/NCEZID/DPEI); Bishop, Ann (Lindsay) (CDC/DDNID/NCCDPHP/OD); Matthews, Rosalyn (CDC/DDNID/NCCDPHP/DPH); Brunson, Juanita (CDC/DDNID/NCBDDD/DBDID) (CTR); White, Roshanna (CDC/DDID/NCIRD/OD) (CTR); Moore, Rashida (CDC/DDID/NCIRD/OD) (CTR); Harris Sharpe, Bria (CDC/DDNID/NCBDDD/DBDID); Bermudez, Oscar (CDC/DDNID/NCBDDD/DBDID) (CTR); Johnson, Shyonna (CDC/DDNID/NCBDDD/DBDID)

		Recipients

		eocevent424@cdc.gov; agp4@cdc.gov; xii4@cdc.gov; aii9@cdc.gov; qrl8@cdc.gov; kqx3@cdc.gov; ksq5@cdc.gov; qov0@cdc.gov; rwk5@cdc.gov; qzf9@cdc.gov



Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Rezwana Uddin





 





 STLT Policy & Public Health Partnerships 





State, Tribal, Local, and Territorial Support Task Force (STLT TF) 





COVID-19 Response 





Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS H21-5, Atlanta, GA 30349-4027





EOCevent424@cdc.gov
  





 





 





August 6, 2021  





 





Friday Feature: Race to End COVID-19 Partner Playbook





 





In collaboration with partners, CDC has developed a Race to End COVID Partner Playbook for planning and conducting community-based COVID-19 testing and vaccination events at racetracks. Race to End COVID events are envisioned as partnerships between state, tribal, local, and territorial (STLT) health departments, the National Association for Stock Car Auto Racing (NASCAR), and/or local racetracks, whether NASCAR-affiliated or independently owned.  






An effective public health response to the COVID-19 pandemic involves the whole community, including the local, state, and/or tribal health authority and, potentially, members of the private sector. Public-private partnerships may offer a good way to promote public health messages and inform health behaviors to slow the spread of COVID-19. Please see the playbook for more details.  





 





MMWR





 





*	Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021. Link here.


*	Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. Link here.


*	Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021. Link here.





CDC Resources 





 





Science and Data





*	CDC Science Agenda for COVID-19: CDC has updated a guide intended to strengthen the public health actions, guidance, and policy essential to limit the spread and impact of SARS-CoV-2 and ultimately end the COVID-19 pandemic.





*	COVID Data Tracker Recent Updates - 2021-08-05 - The Vaccination Among People with Disabilities tab displays information on the number of vaccinated adults with disabilities in the United States: CDC reports findings from a Household Pulse Survey of adults aged ≥18 years led by the U.S. Census Bureau, in partnership with multiple other federal statistical agencies, to measure household experiences during the COVID-19 pandemic.


*	COVID-19 and Animals: Updated guidance on understanding the risk of animals spreading SARS-CoV-2, the virus that causes COVID-19, to people as well as spread from people to animals.





 





Work and School





*	Guidance for COVID-19 Prevention in Kindergarten (K)-12 Schools: CDC has updated guidance for K-12 schools to recommend universal indoor masking and testing for fully vaccinated people in situations of known recent exposure to COVID-19.


*	Interim Guidance for Case Investigation and Contact Tracing in K-12 Schools: CDC has updated guidance for K–12 schools and institutions of higher education, including considerations for people fully vaccinated against COVID-19 and situations when K–12 students are not considered close contacts.





*	What to do if a Student Becomes Sick at School or Reports a New COVID-19 Diagnosis Flowchart: CDC shares guidance for situations when students show signs of infectious illness consistent with COVID-19, or confirmation of negative and/or positive COVID-19 test results.





 





Healthcare





*	What to Consider When Planning to Operate a COVID-19 Vaccine Clinic: CDC shares strategies jurisdictions can use to plan, optimize, and maximize operations at all types of temporary COVID-19 vaccination clinics.





Community





*	Families with Vaccinated and Unvaccinated Members: Updated guidance for families protecting unvaccinated members, those who have a condition or are taking medications that weaken their immune system, and choosing safer activities for the family.


*	CDC Issues Eviction Order in Areas of Substantial and High Transmission: CDC Director Dr. Rochelle Walensky signed an order determining the evictions of tenants for failure to make rent or housing payments could be detrimental to public health control measures to slow the spread of SARS-CoV-2. This order will expire on October 3, 2021 and applies in United States counties experiencing substantial and high levels of community transmission levels of SARS-CoV-2.


*	Laws and Regulations: CDC has updated the most recent laws and regulations related to the COVID-19 pandemic.


*	Families & Children: CDC has updated guidance for parents, families, and organizations that care for children.





Upcoming Meetings





 





*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 9th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. If you would like to register for this event, please click here. 


*	Clinical Laboratory COVID-19 Response Calls: Monday, August 9th, 3:00-4:00 PM ET, CDC’s Division of Laboratory Systems hosts a biweekly call to discuss hot topics and to solicit the laboratory community’s questions about the national response to the COVID-19 pandemic. To attends this call on August 9th, please click here and enter the following password: 048861a! To submit a question for consideration, email DLSinquiries@cdc.gov. For additional information, please contact LOCS@cdc.gov.


*	Understanding the Role of School Nurses in Supporting School Safety Before, During, and After an Emergency: Tuesday, August 10th, 2:00-3:00 PM ET, the U.S. Department of Education (DOE), in partnership with multiple other educational agencies, will host a webinar with the National Association of School Nurses to highlight and discuss the role school nurses have in supporting overall school safety, security, emergency management, and preparedness before, during, and after an emergency. If you would like to register for this event, please click here. 





Additional Resources





 





*	Back to School Toolkit | WECANDOTHIS.HHS.GOV


*	Guide to On-Site Vaccination Clinic for Schools | WECANDOTHIS.HHS.GOV


*	Beyond School Supplies: Back to School Reminders & Readiness





*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   
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here), CDC issued a media statement, announcing in part: “In today’s MMWR, a study
of COVID-19 infections in Kentucky among people who were previously infected with
SAR-CoV-2 shows that unvaccinated individuals are more than twice as likely to be
reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better
protection than natural immunity alone and that vaccines, even after prior infection,
help prevent reinfections.”
Read the CDC’s full media statement here.

Updated CDC Guidance for COVID-19 Prevention in K-12 Schools [Links]
On August 5, CDC updated its Guidance for COVID-19 Prevention in K-12 Schools to
align with CDC’s existing guidance for fully vaccinated people and assist K-12 schools in
opening for in-person instruction and remaining open. Additionally, the Considerations
for Case Investigation and Contact Tracing in K-12 Schools and Institutions of Higher
Education (IHEs) has been updated to align with new CDC guidance. 
The full updated Guidance is linked here.

CDC COCA Call: Therapeutic Options to Prevent Severe COVID-19 in Immunocompromised
People [Links]

CDC Clinician Outreach and Community Activity (COCA) will host
a webinar Thursday, August 12 at 2:00 pm EDT to discuss the FDA’s role in issuing
EUAs for certain monoclonal antibodies, options for compassionate use, the process for
ordering and distributing monoclonal antibodies, and current data on using monoclonal
antibodies for both non-hospitalized and immunocompromised patients. Presenters
will also cover preventing, diagnosing, and treating COVID-19 in immunocompromised
patients, including the role of monoclonal antibodies, serologic testing, and potential
third dose of COVID-19 vaccinations.

Weblink: 
 

Telephone: 
Webinar ID:  
Passcode: 
Access materials post-call: 

ELC & DOJ Webinar: Detection & Mitigation of COVID-19 in Confinement Facilities
[Attachments, Link]

On August 5, CDC’s Epidemiology and Laboratory Capacity for Infectious Diseases (ELC)
and the Department of Justice (DOJ) hosted a webinar, “Detection & Mitigation of
COVID-19 in Confinement Facilities.”
In case you missed it, you may watch/download the full webinar here. Also attached
are a transcript and summary of the Q&A portion of the webinar.

Updated ELC Enhancing Detection Performance Measures Guidance [Attachment]
Today, August 6, CDC released an updated ELC Enhancing Detection Performance
Measures Guidance document (attached) for this new budget year that started August
1, 2021.
This guidance provides details for all ELC Enhancing Detection performance measures
including all data elements, reporting frequency, and reporting timelines.
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Updated CDC Public Health Science Priority Questions [Link]
The CDC's Public Health Science Agenda for COVID-19 articulates key areas of scientific
inquiry and opportunities to guide the development of actionable, evidence-based
public health guidance to limit the spread and impact of SARS-CoV-2 and ultimately end
the COVID-19 pandemic. As the evidence base and public health response to the
COVID-19 pandemic continues to evolve, this Public Health Science Agenda has helped
promote efforts to fill critical, time-sensitive scientific gaps and to inform evidence-
based decision making.
On August 4, a second update to the Priority Public Health Science Questions was
released (linked here) to help achieve the objectives outlined in the Public Health
Science Agenda for COVID-19. The newest update includes 15 Priority Public Health
Science Questions that were systematically developed to be relevant, actionable near-
term, and reflective of the evolving needs of the ongoing public health response.

 
 

Standing Updates
CDC Partner Updates – August 4 & August 6 [Attachments]

Please see attached for the latest update from CDC’s State, Tribal, Local, and Territorial
(STLT) Task Force.

HHS COVID-19 Update – August 5 [Attachment]
Please see attached for the latest COVID-19 updates from the HHS Office of
Intergovernmental and External Affairs. Updates typically include highlights from any
recent COVID-19 Response Team briefings, as well as vaccine, testing, treatment and
research updates, toolkits, and resources.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
link.

Request Form for CSTE COVID-19 Call Topics [Link]
CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

 
--

Council of State and Territorial Epidemiologists
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From: CSTE Emergency Response
To: CSTE Emergency Response
Cc: CSTE Novel Coronavirus 2019
Subject: CSTE COVID-19 Response | Digest for Aug. 10 (MMWR Early Release, CDC/CSTE 19 K-12 School Surveillance

Guidance, CSTE Webinar, and more)
Date: Tuesday, August 10, 2021 4:51:31 PM
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MMWR ER - Use of COVID-19 Vaccines After Reports of Adverse Events Among Adult Recipients of Johnson &
Johnson and mRNA COVID-19 Vaccines - August 10, 2021.pdf
COVID19 Vaccine Effectiveness Transmission Impact Studies - Summary Tables_20210805.pdf
CSTE Standardized COVID-19 K-12 School Surveillance Guidance for Classification of Clusters and Outbreaks.pdf
COVID-19 Partner Updates August 09 2021.msg
HHS COVID-19 Update - 89.msg

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

 
Sent to State Epidemiologists, Deputy State Epidemiologists, CLUE, Infectious Disease Points of
Contact, and the CSTE Executive Board
 
Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information 
MMWR Early Release: “Use of COVID-19 Vaccines After Reports of Adverse Events Among
Adult Recipients of Janssen (Johnson & Johnson) and mRNA COVID-19 Vaccines (Pfizer-
BioNTech and Moderna): Update from the Advisory Committee on Immunization Practices —
United States, July 2021” [Attachment, Link]

From the summary: “ On July 22, 2021, the Advisory Committee on Immunization
Practices reviewed updated benefit-risk analyses after Janssen and mRNA COVID-19
vaccination and concluded that the benefits outweigh the risks for rare serious adverse
events after COVID-19 vaccination.”

CSTE and CDC Release Standardized COVID-19 K-12 School Surveillance Guidance for
Classification of Clusters and Outbreaks [Attachment, Link] 

In an effort to standardize and better understand the impact of COVID-19 in the K-12
setting, CSTE and CDC have developed standardized surveillance definitions for
classification of K-12 school-associated COVID-19 cases, transmission, clusters and
outbreaks. Utilization of standardized surveillance definitions is necessary to
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Morbidity and Mortality Weekly Report
Early Release / Vol. 70 August 10, 2021


U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Use of COVID-19 Vaccines After Reports of Adverse Events Among Adult 
Recipients of Janssen (Johnson & Johnson) and mRNA COVID-19 Vaccines 
(Pfizer-BioNTech and Moderna): Update from the Advisory Committee on 


Immunization Practices — United States, July 2021
Hannah G. Rosenblum, MD1,2; Stephen C. Hadler, MD1; Danielle Moulia, MPH1; Tom T. Shimabukuro, MD1; John R. Su, MD, PhD1; Naomi K. Tepper, MD1; 


Kevin C. Ess, MD, PhD3; Emily Jane Woo, MD4; Adamma Mba-Jonas, MD4; Meghna Alimchandani, MD4; Narayan Nair, MD4; Nicola P. Klein, MD, PhD5; 
Kayla E. Hanson, MPH6; Lauri E. Markowitz, MD1; Melinda Wharton, MD1; Veronica V. McNally, JD7; José R. Romero, MD8; H. Keipp Talbot, MD3;  


Grace M. Lee, MD9; Matthew F. Daley, MD10; Sarah A. Mbaeyi, MD1; Sara E. Oliver, MD1


In December 2020, the Food and Drug Administration 
(FDA) issued Emergency Use Authorizations (EUAs) for 
Pfizer-BioNTech and Moderna COVID-19 vaccines, and in 
February 2021, FDA issued an EUA for the Janssen (Johnson 
& Johnson) COVID-19 vaccine. After each EUA, the Advisory 
Committee on Immunization Practices (ACIP) issued interim 
recommendations for vaccine use; currently Pfizer-BioNTech 
is authorized and recommended for persons aged ≥12 years 
and Moderna and Janssen for persons aged ≥18 years (1–3). 
Both Pfizer-BioNTech and Moderna vaccines, administered as 
2-dose series, are mRNA-based COVID-19 vaccines, whereas 
the Janssen COVID-19 vaccine, administered as a single dose, 
is a recombinant replication-incompetent adenovirus-vector 
vaccine. As of July 22, 2021, 187 million persons in the United 
States had received at least 1 dose of COVID-19 vaccine (4); 
close monitoring of safety surveillance has demonstrated that 
serious adverse events after COVID-19 vaccination are rare 
(5,6). Three medical conditions have been reported in temporal 
association with receipt of COVID-19 vaccines. Two of these 
(thrombosis with thrombocytopenia syndrome [TTS], a rare 
syndrome characterized by venous or arterial thrombosis and 
thrombocytopenia, and Guillain-Barré syndrome [GBS], a 
rare autoimmune neurologic disorder characterized by ascend-
ing weakness and paralysis) have been reported after Janssen 
COVID-19 vaccination. One (myocarditis, cardiac inflam-
mation) has been reported after Pfizer-BioNTech COVID-19 
vaccination or Moderna COVID-19 vaccination, particularly 
after the second dose; these were reviewed together and will 
hereafter be referred to as mRNA COVID-19 vaccination. 


ACIP has met three times to review the data associated with 
these reports of serious adverse events and has comprehen-
sively assessed the benefits and risks associated with receipt of 
these vaccines. During the most recent meeting in July 2021, 
ACIP determined that, overall, the benefits of COVID-19 
vaccination in preventing COVID-19 morbidity and mortal-
ity outweigh the risks for these rare serious adverse events in 
adults aged ≥18 years; this balance of benefits and risks varied 
by age and sex. ACIP continues to recommend COVID-19 
vaccination in all persons aged ≥12 years. CDC and FDA 
continue to closely monitor reports of serious adverse events 
and will present any additional data to ACIP for consideration. 
Information regarding risks and how they vary by age and sex 
and type of vaccine should be disseminated to providers, vac-
cine recipients, and the public.


Since June 2020, ACIP has convened 16 public meet-
ings to review data on COVID-19 epidemiology and use of 
COVID-19 vaccines, most recently on July 22, 2021. The 
ACIP COVID-19 Vaccines Work Group, comprising experts 
in infectious diseases, vaccinology, vaccine safety, public health, 
and ethics, has held weekly meetings since April 2020 to review 
COVID-19 surveillance data, evidence for vaccine efficacy and 
safety, and implementation considerations for COVID-19 
vaccination programs.


ACIP met to review reports of TTS after Janssen COVID-19 
vaccination in April 2021; the committee met again in June 
2021 to review reports of myocarditis after mRNA COVID-19 
vaccination, particularly after the second dose. At both meet-
ings, ACIP reviewed the individual- and population-level 
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benefits and risks for vaccination and concluded that the 
benefits of vaccination for individual persons and at the 
population-level outweigh the risks; details of the findings have 
been described previously (7,8). FDA added information about 
these serious adverse events to the EUA fact sheets*; CDC 
updated patient and clinician education and communication 
materials,† and federal agencies continue to closely monitor 
reports of these serious adverse events.


On July 12, 2021, FDA issued a warning and updated EUA 
fact sheets after reports of a more than expected number of GBS 
cases to the Vaccine Adverse Events Reporting System (VAERS) 
after Janssen COVID-19 vaccination. GBS is a rare neurologic 
disorder characterized by acute or subacute onset of weakness 
in limbs or cranial nerve–innervated muscles and by laboratory 
findings of increased cerebrospinal fluid protein with normal 
numbers of cells; the clinical presentation and severity vary 
(9). GBS occurs more commonly in males than in females, 
and incidence increases with age; 3,000–6,000 GBS cases are 
reported annually in the United States.§ Patients might require 
intensive care unit (ICU) admission and ventilator support; 
although most patients recover, GBS can result in permanent 
paralysis or death (10).


After the reports of GBS cases after Janssen COVID-19 
vaccination, the Work Group met to review clinical trial and 
postauthorization safety data for GBS. To comprehensively 
evaluate the benefits and risks associated with COVID-19 vac-
cination, in addition to reviewing a benefit-risk assessment of 
GBS after Janssen COVID-19 vaccination, the Work Group 
also updated benefit-risk assessments of TTS cases after Janssen 
COVID-19 vaccination and of myocarditis cases after mRNA 
COVID-19 vaccination in adults aged ≥18 years. The ACIP 
COVID-19 Vaccines Safety Technical (VaST) Work Group,¶ 
comprising independent vaccine safety expert consultants, per-
formed concomitant review of the adverse events information.


On July 22, 2021, ACIP met to review currently available 
evidence of risks associated with COVID-19 vaccination. 
The findings from VaST and ACIP COVID-19 Vaccine 
Work Group assessments, including a summary of the data 
reviewed, were presented to ACIP during this meeting. ACIP’s 
comprehensive assessment included risks for GBS and TTS 
after Janssen COVID-19 vaccination and myocarditis after 
mRNA COVID-19 vaccination in persons aged ≥18 years. 
To date, there has been no increased risk detected for GBS 
or TTS after mRNA COVID-19 vaccination, and there has 
been no increased risk detected for myocarditis after Janssen 


* https://www.fda.gov/media/146304/download; https://www.fda.gov/
media/146305/download


† https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html
§ https://www.cdc.gov/vaccinesafety/concerns/guillain-barre-syndrome.html
¶ https://www.cdc.gov/vaccines/acip/work-groups-vast/index.html


COVID-19 vaccination. Persons aged <18 years were not 
included in this assessment because a benefit-risk assessment 
for persons aged 12–29 years was recently presented to ACIP 
in June 2021**; ongoing safety monitoring continues and can 
be included in future updates to ACIP (8).


To assess the benefit-risk balance of COVID-19 vaccina-
tion in adults, ACIP reviewed an assessment comparing the 
benefits of vaccination (numbers of COVID-19 cases and 
severe disease outcomes prevented) to the risks (numbers of 
cases of GBS, TTS, and myocarditis), using methods similar 
to those described previously.†† Specifically, the benefits per 
million vaccine doses administered (i.e., the benefits of being 
fully vaccinated§§ in accordance with the FDA EUA) were 
assessed, including 1) COVID-19 cases prevented, based on 
rates during the week of June 13–19, 2021¶¶; 2) COVID-19 
hospitalizations prevented, based on rates during the week of 
June 19, 2021***; and 3) COVID-19 ICU admissions and 
deaths prevented, based on the proportion of hospitalized 
patients who were admitted to an ICU or who died.†††


The risks assessed for the Janssen COVID-19 vaccination 
were 1) the number of GBS patients reported to VAERS that 
occurred within 42 days of Janssen COVID-19 vaccination 
per million doses administered through June 30, 2021, and 
2) the number of patients with TTS reported to VAERS that 
occurred after Janssen COVID-19 vaccination per million 
doses through July 8, 2021. The risks for mRNA COVID-19 
vaccination were assessed as the number of patients reported to 
VAERS with myocarditis after receipt of dose 2 of an mRNA 
COVID-19 vaccine per million doses. Each benefit-risk assess-
ment was stratified by age group (18–29, 30–49, 50–64 and 
≥65 years) and sex. The Janssen COVID-19 vaccine analysis 
assumed 90% vaccine effectiveness§§§ in preventing severe out-
comes and 66% vaccine effectiveness in preventing COVID-19 
cases for a 120-day period. The mRNA COVID-19 vaccine 
analysis assumed 95% vaccine effectiveness¶¶¶ in preventing 
severe outcomes and in preventing COVID-19 cases for a 
120-day-period. The 120-day period was selected because 
inputs pertaining to community transmission have increased 
uncertainty beyond this period, particularly with regard to virus 


 ** https://www.cdc.gov/vaccines/acip/meetings/slides-2021-06.html
 †† https://www.cdc.gov/vaccines/covid-19/info-by-product/janssen/risk-


benefit-analysis.html
 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
 ¶¶ https://covid.cdc.gov/covid-data-tracker/#demographicsovertime. Data were used 


for the most recent week not subject to reporting delays before the ACIP meeting.
 *** https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html. Data were used for 


the most recent week not subject to reporting delays before the ACIP meeting.
 ††† https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
 §§§ Vaccine effectiveness for Janssen COVID-19 vaccine based on data from phase 3 


clinical trial.
 ¶¶¶ Vaccine effectiveness for Pfizer-BioNTech and Moderna COVID-19 vaccines 


based on data from phase 3 clinical trials.
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variants in circulation.**** Using GBS, TTS, and myocarditis 
cases reported to VAERS with age and sex data available, crude 
reporting rates†††† per million vaccine doses administered were 
calculated, overall and among subgroups, by sex and age using 
national COVID-19 vaccine administration data. GBS rates 
from the Vaccine Safety Datalink (VSD),§§§§ based on cases 
confirmed by medical record review, were also presented to 
and reviewed by ACIP.


As of June 30, 2021, approximately 12.6 million doses of 
Janssen COVID-19 vaccine had been administered in the 
United States to persons aged ≥18 years. Within VAERS,¶¶¶¶ 
100 reports of GBS after Janssen COVID-19 vaccination 
were received during February 27–June 30, 2021. The median 
patient age was 57 years (range = 24–76); 61 (61%) were males, 
and the median interval from vaccination to symptom onset 
was 13 days (range = 0–75 days). Ninety-five (95%) patients 
experiencing GBS were hospitalized, and 10 (10%) were admit-
ted to an ICU. Ninety-eight (98%) of these patients had disease 
onset within 42 days of vaccination. As of the most recent 
follow-up,***** one patient had died. The GBS reporting rate 
was 7.8 cases per million Janssen COVID-19 vaccine doses 
administered. Among subgroups by sex and age, the reporting 
rate to VAERS was highest among males aged 50–64 years, 
with 15.6 cases per million Janssen COVID-19 vaccine doses 
administered (Table 1). VSD has not identified a signal††††† 
for GBS after Janssen COVID-19 vaccination. However, based 
on medical record–confirmed GBS cases reported during the 
21 days§§§§§ after receipt of Janssen COVID-19 vaccine, 
the unadjusted GBS rate in VSD was 20.2 per million doses 
administered (95% confidence interval = 8.1–41.7).¶¶¶¶¶


Through July 8, 2021, 38 cases of TTS within 15 days of vac-
cination and reported to VAERS met the case definition.****** 
These 38 reports were confirmed by physician reviewers at CDC 
and FDA and reviewed with the Clinical Immunization Safety 
Assessment Project Investigators, who include hematologists. 
Four of these patients died. The overall TTS reporting rate was 


 **** https://covid.cdc.gov/covid-data-tracker/#variant-proportions
 †††† GBS reporting rates were calculated using unconfirmed cases. TTS 


reporting rates were calculated using confirmed cases. Myocarditis 
reporting rates included confirmed cases for aged 18–29 years and 
unconfirmed cases for aged ≥30 years.


 §§§§ https://www.cdc.gov/vaccinesafety/ensuringsafety/monitoring/vsd/index.html
 ¶¶¶¶ https://vaers.hhs.gov/index.html
 ***** https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-


07/02-COVID-Alimchandani-508.pdf
 ††††† The term signal in VSD refers to a prespecified statistical signal signifying risk.
 §§§§§ Note that VSD used a risk length of 21 days, compared with VAERS, 


which used 42 days.
 ¶¶¶¶¶ https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-


07/03-COVID-Klein-508.pdf
 ****** h t t p s : / / b r i g h t o n c o l l a b o r a t i o n . u s / t h r o m b o s i s - w i t h - 


thrombocytopenia-syndrome-interim-case-definition/


TABLE 1. Number of Guillain-Barré syndrome cases* reported to the 
Vaccine Adverse Events Reporting System within 42 days after Janssen 
(Johnson & Johnson) COVID-19 vaccination, total Janssen doses 
administered, and reporting rate per million doses administered, by 
sex and age group — United States, February–June 2021


Sex/Age group, 
yrs GBS cases†


No. of doses 
administered


GBS cases  
per million  


vaccine doses 
administered


Females
18–29 1 1,037,996 1.0
30–49 13 1,957,663 6.6
50–64 14 1,888,715 7.4
≥65 9 1,037,996 8.7
Total females 37 5,922,370 6.2


Males
18–29 3 1,258,963 2.4
30–49 18 2,407,430 7.5
50–64 33 2,115,411 15.6
≥65 7 932,764 7.5
Total males 61 6,714,598 9.1


Total 98 12,636,938 7.8


Abbreviations: GBS = Guillain-Barré syndrome; VAERS = Vaccine Adverse Events 
Reporting System.
* Unconfirmed cases reported to VAERS.
† 100 cases total were reported to VAERS during this period; the 98 displayed here 


occurred within 42 days of vaccination and had age and sex information available.


3.0 cases per million doses administered as of July 8, 2021. †††††† 
Among subgroups by sex and age, the reporting rate was highest 
among females aged 30–49 years (8.8 TTS cases per million 
Janssen COVID-19 vaccine doses administered).


As of June 30, 2021, approximately 141 million second 
mRNA COVID-19 vaccine doses had been administered in 
the United States to persons aged ≥18 years. Within VAERS, 
497 reports of myocarditis after the second mRNA COVID-19 
vaccine dose were received for persons aged ≥18 years. The 
reporting rate of myocarditis overall among adults was 3.5 cases 
per million second doses of mRNA COVID-19 vaccine admin-
istered. In subgroup analyses by age and sex, the reporting 
rate was highest among males aged 18–29 years (24.3 cases 
per million mRNA COVID-19 vaccine second doses admin-
istered). Reports of cases in persons aged 18–29 years were 
individually reviewed and confirmed to meet case definitions, 
whereas reports of cases in persons aged ≥30 years were received 
and processed§§§§§§ but not individually reviewed. There were 
no confirmed myocarditis-associated deaths.


 †††††† Calculations of reporting rates for TTS used denominators of Janssen 
doses administered through July 8, 2021.


 §§§§§§ Processed VAERS reports are those that have been coded using MedDRA, 
have been deduplicated, and have undergone standard quality assurance 
and quality control review.
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The estimated benefits (prevention of COVID-19 disease and 
associated hospitalizations, ICU admissions, and deaths) out-
weighed the risks (expected cases of GBS, TTS, and myocarditis 
after vaccination) in all persons aged ≥18 years included in this 
analysis (Table 2). For example, per million doses of Janssen 
COVID-19 vaccine administered to males aged 50–64 years, 
1,800 hospitalizations, 480 ICU admissions, and 140 deaths 
attributable to COVID-19 could be prevented, compared with 
14–17 GBS cases and 1–2 TTS cases after Janssen COVID-19 
vaccination. However, the balance of benefits and risks varied 
by age and sex because cases of each serious adverse event were 
primarily identified in specific subgroups of age and sex (primar-
ily males aged 50–64 years for GBS; females aged 30–49 years 
for TTS; and males aged 18–29 years for myocarditis).


ACIP also reviewed population-level considerations, including 
that COVID-19 cases are rising in the United States, particularly 
with the predominance of the highly transmissible B.1.617.2 
(Delta) variant. More than one half (61%) of U.S. adults aged 
≥18 years are fully vaccinated (4); however, coverage is lower in 
some geographic regions. According to a jurisdictional survey 


conducted on July 16, 2021, most vaccination sites offer more 
than one type of vaccine and report that Janssen vaccine is used 
in a variety of populations and settings.¶¶¶¶¶¶


Based on a comprehensive review of existing data, in the 
context of ongoing transmission of SARS-CoV-2, the virus 
that causes COVID-19, in the United States as of July 2021, 
the ACIP concluded that 1) the benefits of vaccinating all 
recommended age groups with either the Janssen COVID-19 
vaccine or mRNA COVID-19 vaccine outweigh the risks 
for vaccination, including the risks for GBS and TTS after 
Janssen COVID-19 vaccination, or myocarditis after mRNA 
COVID-19 vaccination; 2) continuing safety monitoring of 
serious adverse events after COVID-19 vaccination is criti-
cal; and 3) providers and the public should be informed about 
these potential harms and the use of COVID-19 vaccines. The 
analysis did not include potential benefits of preventing post–
COVID-19 conditions, or likely ongoing benefits beyond the 
120-day period; for these reasons, the benefits of COVID-19 
vaccination are underestimated.


 ¶¶¶¶¶¶ https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-
07/06-COVID-Mbaeyi-508.pdf


TABLE 2. Estimated COVID-19 outcomes prevented during 120 days after 1-dose Janssen (Johnson & Johnson) COVID-19 vaccination and 
2-dose mRNA (Pfizer-BioNTech or Moderna) COVID-19 vaccination, number of Guillain-Barré syndrome and thrombosis with thrombocytopenia 
syndrome cases expected per million Janssen vaccine doses administered, and number of myocarditis cases expected per million second 
mRNA vaccine doses administered, by sex and age group — United States, 2021*


Vaccine Benefits: COVID-19 outcomes prevented Harms: adverse events†


Sex/Age group, yrs Cases Hospitalizations ICU admissions Deaths GBS TTS


Janssen (Johnson & Johnson) COVID-19 vaccine§


Females
18–29 8,900 700 50 5 1 4–5
30–49 10,100 900 140 20 6–7 8–10
50–64 12,100 1,600 350 120 7–8 3–4
≥65 29,000 5,900 1,250 840 8–10 0
Males
18–29 6,600 300 60 3 2 2–3
30–49 7,600 650 150 25 7–8 1–2
50–64 10,100 1,800 480 140 14–17 1–2
≥65 36,600 11,800 3,300 2,300 7–8 0
mRNA (Pfizer-BioNTech or Moderna) COVID-19 vaccine¶ Myocarditis
Females
18–29 12,800 750 50 5 3–4
30–49 14,600 950 140 20 1–2
50–64 17,500 1,700 375 125 1
≥65 32,000 6,200 1,300 900 <1
Males
18–29 9,600 300 60 3 22–27
30–49 11,000 700 160 25 5–6
50–64 14,700 1,900 500 150 1
≥65 52,700 12,500 3,500 2,400 1


Abbreviations: GBS = Guillain-Barré syndrome; ICU = intensive care unit; TTS = thrombosis with thrombocytopenia syndrome.
* Benefits and harms were calculated using case incidence and hospitalization data for the week ending June 19, 2021, and for harms using cases through June 30 


(GBS and myocarditis) and through July 8 (TTS), projected for a 120-day period using methods described here: https://www.cdc.gov/vaccines/covid-19/info-by-
product/janssen/risk-benefit-analysis.html


† Estimates for adverse events are based on an estimated risk of cases per million doses administered with a +/- 10% range.
§ Benefits and harms calculated per million doses of Janssen vaccine administered.
¶ Benefits and harms calculated per million second doses of mRNA (Pfizer-BioNTech and Moderna) vaccine administered.
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ACIP members discussed concerns about the clinical severity 
of the rare risk for GBS and TTS. In addition, they noted the 
importance of providing options for the type of COVID-19 
vaccines offered, especially in the context of the current 
COVID-19 epidemiology and current vaccine coverage in the 
United States. ACIP emphasized the importance of informing 
vaccination providers, and all persons receiving COVID-19 
vaccines about the benefits and risks, including the risks after 
Janssen COVID-19 vaccination for GBS, particularly in males 
aged 50–64 years, and for TTS among females aged 30–49; and 
the risk for myocarditis after mRNA COVID-19 vaccination, 
particularly in males aged 18–29 years. CDC has provided 
guidance regarding evaluation and management of GBS, TTS, 
and myocarditis.******* In addition to information about 
TTS, FDA has added information to the Janssen COVID-19 
vaccine EUA and fact sheets regarding GBS cases that have 
been reported among vaccine recipients. The vaccine product-
specific EUA fact sheet should be provided to all persons before 
vaccination with any authorized COVID-19 vaccine.


CDC has updated patient education and communication 
materials††††††† reflecting this information; these are impor-
tant to ensure that vaccine recipients are aware of risks and that 
they should seek care if they experience concerning symptoms. 
Persons should be educated about their individual benefits 
and risks associated with COVID-19 vaccination, and when 
feasible, provided a choice about which type of COVID-19 
vaccine to receive.


Based on ACIP’s conclusion regarding the benefit-risk assess-
ment on July 22, 2021, vaccination with any of the available 
COVID-19 vaccines licensed under the FDA EUAs continues 
to be recommended for all persons aged ≥18 years. With the 
Delta variant, this is more urgent than ever. In addition, the 
Pfizer-BioNTech COVID-19 vaccine continues to be recom-
mended for persons aged ≥12 years.


CDC and FDA will continue to closely monitor reports 
of serious adverse events and will present any additional 
data to ACIP for consideration. The benefit-risk analyses for 
COVID-19 vaccines can be updated to reflect changes in 
epidemiology of the COVID-19 pandemic and additional 
information on the risk for serious adverse events after vaccina-
tion. ACIP recommendation for use of all COVID-19 vaccines 
under an EUA are interim and will be updated as additional 
information becomes available.


 ******* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html


 ††††††† https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-
events.html


Summary
What is already known about this topic?


Rare serious adverse events have been reported after COVID-19 
vaccination, including Guillain-Barré syndrome (GBS) and 
thrombosis with thrombocytopenia syndrome (TTS) after 
Janssen COVID-19 vaccination and myocarditis after mRNA 
(Pfizer-BioNTech and Moderna) COVID-19 vaccination.


What is added by this report?


On July 22, 2021, the Advisory Committee on Immunization 
Practices reviewed updated benefit-risk analyses after Janssen 
and mRNA COVID-19 vaccination and concluded that the 
benefits outweigh the risks for rare serious adverse events after 
COVID-19 vaccination.


What are the implications for public health practice?


Continued COVID-19 vaccination will prevent COVID-19 morbid-
ity and mortality far exceeding GBS, TTS, and myocarditis cases 
expected. Information about rare adverse events should be 
disseminated to providers, vaccine recipients, and the public.


Reporting of Vaccine Adverse Events
FDA requires that vaccine providers report to VAERS vac-


cination administration errors, serious adverse events,§§§§§§§ 
cases of multisystem inflammatory syndrome, and cases of 
COVID-19 that result in hospitalization or death after admin-
istration of a COVID-19 vaccine under an EUA. CDC also 
encourages reporting of any additional clinically significant 
adverse event, even if it is not clear whether a vaccination 
caused the event. Information on how to submit a report to 
VAERS is available at https://vaers.hhs.gov/index.html or 
1-800-822-7967. In addition, CDC has developed a voluntary 
smartphone-based online tool (v-safe) that uses text messaging 
and online surveys to provide near real-time health check-ins 
after receipt of a COVID-19 vaccine. In cases of v-safe reports 
that include possible medically attended health events, CDC’s 
v-safe call center follows up with the vaccine recipient to col-
lect additional information for completion of a VAERS report. 
Information on v-safe is available at https://www.cdc.gov/vsafe.
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1. Summary of Study Results for Post‐Authorization COVID‐19 Vaccine Effectiveness# 


(Detailed methods available on VIEW‐hub Resources page:  https://view‐hub.org/resources) 


# 


Reference 
(date)  Country  Design  Population 


Dominant 
Variants 


History 
of COVID 


Vaccine 
Product 


Outcome 
Measure 


1st Dose VE  
% (95%CI) 


Days 
post 1st 
doseⴕ 


2nd Dose VE  
% (95% CI) 


Days post 
2nd dose 


Max 
Duration of 
follow up 
after fully 
vaccinated 


75  Lefèvre et al 
(July 31,2021) 


France  Retrospective 
cohort 


378 LTCF residents  Beta^  Included  BNT162b2  Documented 
infection 


55(13‐76)  14+ up to 
6 days 
after 2nd 
dose 


49(14‐69)  7+  ~16 weeks 


Hospitalization 
and death  


86(32‐97)  86(67‐94) 


74  Alali et al  
(July 29,2021) 


Kuwait  Retrospective 
cohort 


3,246 HCWs from 
Kuwait  


Alpha^  Excluded  BNT162b2  Documented 
infection 


91.4(65.1‐97.9)  14+  94.5(89.4‐97.2)  7+  ~18 weeks  


AZD1222  Documented 
infection 


75.4(67.2‐81.6)  28+  –– 


73  Gram et al 
(July 28, 2021) 


Denmark  Retrospective 
cohort 


5,542,079 from 
Denmark 


Alpha^  Excluded  Heterologous: 
AZD1222 (1st 
dose) 
BNT162b2 or 
mRNA‐
1273(2nd 
dose) 


Documented 
infection 


31 (14‐44)  77‐83  88 (83‐92)  14+  ~7.5 weeks 


Hospitalization  93 (80‐98)  14+  not calculated 
due to no 
events in 
vaccinated 
group 


 


72  Amirthalingam 
et al  
(July 28,2021) 


UK  Test‐negative 
case control 


69,545 cases and 
229,662 test 
negative controls 
among UK adults 
aged 50+ 


Alpha^  Excluded   BNT162b2  Documented 
infection,  
80 y+ 


42 (31‐52)  28+  77 (56‐88)  14+,  
dose interval 
19‐29 days 


~16 weeks 


90 (83‐94)  14+,  
dose interval 
65‐84 days 


Documented 
infection,  
65‐79 y 


53 (48‐58)  77 (66‐85)  14+,  
dose interval 
19‐29 days 


89 (86‐92)  14+,  
dose interval 
65‐84 days 


Documented 
infection,  
50‐64y 


51 (47‐55)    
88 (67‐96) 


14+,  
dose interval 
19‐29 days 


92 (91‐94)  14+,  
dose interval 
65‐84 days 


AZD1222  Documented 
infection,  
80 y+ 


42 (29‐53) 
‐‐‐‐  ‐‐‐‐ 


82 (68‐89)  14+,  
dose interval 
65‐84 days 


52 (46‐56)  73 (25‐90)  14+,  
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Documented 
infection,  
65‐79 y 


dose interval 
30‐44 days 


74 (69‐79)  14+, 
dose interval 
65‐84 days:  


Documented 
infection,  
50‐64 y 
 
 


42 (39‐46)  55 (34‐69)  14+,  
dose interval 
30‐44 days 


77 (74‐79)  14+,  
dose interval 
65‐84 days 


71  Kissling et al 
(July 22,2021) 


UK, 
France, 
Ireland, 
Netherlan
ds, 
Portugal, 
Scotland, 
Spain, 
Sweden  


Test‐negative   592 cases and 
4,372 controls in 
the age group 65+ 


Alpha^  Excluded  Any vaccine  Symptomatic 
COVID‐19 


62(45‐74)  14+  89(79‐94)  14+  ~16 weeks  


BNT162b2  Symptomatic 
COVID‐19 


61(39‐75)  87(74‐93) 


AZD1222  Symptomatic 
COVID‐19 


68(39‐83)  —   


70#  Carazo et al 
(July 22, 2021) 


Canada  Test‐negative 
case control 


5316 cases and 
53,160 test 
negative controls 
among HCWs in 
Quebec, Canada 


Non‐VOC 
and Alpha^ 


Excluded  BNT162b2   Documented 
infection 


70.3 (68.1‐72.4)  14+  85.5 (80.4‐89.3)  7+  ~20 weeks 


Symptomatic 
COVID‐19 


72.8 (70.5‐74.9)  92.2 (87.8‐95.1) 


mRNA‐1273  Documented 
infection 


68.7 (59.5‐75.9)  14+   84.1 (34.9‐96.1)  7+ 


Symptomatic 
COVID‐19 


80.9 (74.3‐85.8)  —   


BNT162b2 
and mRNA‐
1273 


Hospitalization  97.2 (92.3‐99.0)  14+   —    7+ 


Alpha^  Excluded  BNT162b2 
and mRNA‐
1273 


Documented 
infection 


60.0 (53.6‐65.5)  14+   92.6 (87.1‐95.8)  7+ 


Non‐VOC^  Excluded  BNT162b2 
and mRNA‐
1273 


Documented 
infection 


77.0 (72.6‐80.7)  86.5 (56.8‐95.8) 


69  Hitchings et al 
(July 22, 2021) 


Brazil  Test‐negative 
case control 


30,680 matched 
pairs of adults 
aged 60+ in Sao 
Paolo, Brazil 


Gamma^  Included 
(except in 
previous 
90 days) 


AZD1222  Symptomatic 
COVID‐19 


33.4 (26.4‐39.7)  28+   77.9 (69.2‐84.2)  14+  ~9.5 weeks 


Hospitalization  55.1 (46.6‐62.2)  87.6 (78.2‐92.9) 


Death  61.8 (48.9‐71.4)  93.6 (81.9‐97.7) 


68  Kim et al  
(July 22, 2021) 


USA  Test‐negative 
case control 


812 US adults 
aged 16+ with 
COVID‐19‐like 
illness 


Non‐VOC 


and AlphaIⴕⴕ 


Unknown  BNT162b2 
and mRNA‐
1273 


Symptomatic 
COVID‐19 


75 (55‐87)  14+ up to 
14 days 
post 2nd 
dose 


91 (83‐95)  14+  ~18.5 weeks 


67#  Lopez Bernal et 
al* 


UK  Test‐negative 
case control 


19,109 cases and 
171,834 test 


Alpha^ 
 


Excluded  BNT162b2  Symptomatic 
COVID‐19 


47.5 (41.6–
52.8) 


21+  
 


93.7 (91.6–
95.3) 


14+  ~17 weeks 
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(July 21, 2021)  negative controls 
among UK adults 
aged 16+ 


AZD1222  Symptomatic 
COVID‐19 


48.7 (45.2–
51.9) 


74.5 (68.4–
79.4) 


Delta^ 
 
 


BNT162b2  Symptomatic 
COVID‐19 


35.6 (22.7–
46.4) 


88.0 (85.3–
90.1) 
 


AZD1222  Symptomatic 
COVID‐19 


30.0 (24.3–
35.3) 


67.0 (61.3–
71.8) 


66  Butt et al* (July 
20, 2021) 


USA  Test‐negative 
case control 


54,360 
propensity‐
matched pairs of 
veterans 


 


Original and 


Alpha ⴕⴕ 


Excluded  BNT162b2 
and mRNA‐
1273 


Documented 
infection 


85.0 (84.2‐85.8)  0+   97.1 (96.6‐97.5)  7+  ~6.5 weeks 


BNT162b2  Documented 
infection 


84.0 (82.7‐85.1)  96.2 (95.5‐96.9) 


mRNA‐1273  Documented 
infection 


85.7 (84.6‐86.8)  98.2 (97.5‐98.6) 


65  Layan, Maylis 
et al 
(July 16,2021) 


Israel   Prospective 
cohort  


215 index cases 
and 687 
household 
contacts from 210 
Israeli households 


 


Original and 
Alpha¶ 


Included   BNT162b2  Documented 
infection 
among HHCs 
vaccinated and 
not isolated 
(relative to 
HHCs not 
vaccinated and 
not isolated) 


—    —    81 (60‐93)  7+  ~12 weeks 


64  Balicer et al 
(July 12,2021) 


Israel   Prospective 
Cohort  


21722 pregnant 
Israeli women  


Original and 
Alpha^ 


Excluded  BNT162b2  
 
 


Documented 
infection 


67 (40‐84)  14‐20  96 (89‐100)  7‐56  ~18 weeks  


71 (33‐94)  21‐27 


Symptomatic 
COVID‐19 


66 (32‐86)  14‐20  97 (91‐100) 


76 (30‐100)  21‐27 


Hospitalization  —    —    89 (43‐100) 


63  Butt et al  
(June 22,2021) 


Qatar  Test‐negative 
case control 


1255 pregnant 
Qatar women 


Alpha and 
Beta^ 


Excluded  BNT162b2 
and mRNA‐
1273 


Documented 
infection 


40.3 (0.0‐80.4)  14+  67.7 (30.5‐86.9)  14+  ~17 weeks  


62  Prunas et al 
(July 16, 2021) 


Israel  Retrospective 
cohort 


253,564 Israeli 
individuals from 
65,264 
households with 
at least 1 infected 
individual and at 
least 2 members 


Original and 
Alpha¶  


Unknown   BNT162b2  Documented 
infection 


—    —    80.5 (78.9‐82.1)  10+  ~8.5 weeks 


61  Whitaker et al 
(July 9,2021) 


UK  Prospective 
cohort  


5,642,687 UK 
patients reporting 
to 718 English 
general practises  


Original and 


Alpha 


Included  BNT162b2  Symptomatic 
COVID‐19  


48.6 (27.9‐63.3)  28 to 90 
days 


93.3 (85.8‐96.8)  14+  ~20 weeks  


AZD1222  50.2 (40.8‐58.2)  78.0 (69.7‐84.0) 


60  John et al  
(July 13,2021) 


USA  Retrospective 
cohort  


40,074 patients 
with cirrhosis 
within Veterans 
Health 


Original and 


Alpha ⴕⴕ 


Excluded  BNT162b2 
and mRNA‐
1273 


Documented 
infection 


64.8 (10.9‐86.1)  28+  78.6 (25.5‐93.8)  7+  ~10 weeks  


Hospitalization  100.0 (99.3‐
100.0) 


100.0 (99‐100) 
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Administration, 
propensity 
matched 


COVID‐19 
related death  


100.0 (99.3‐
100.0) 


100.0 (99‐100) 


59  Bertollini et al  
(July 13, 2021) 


Qatar   Prospective 
cohort  


10,092 matched 
pairs of Qatari 
adults arriving at 
an international 
airport.  


Original, 
Alpha and 


Beta^ 


Included  BNT162b2 
and mRNA‐
1273 


Documented 
infection  


—      78 (72‐83)  14+  ~4 weeks  


58  Goldshtein et al 
(July 12,2021) 


Israel   Retrospective 
cohort   


15060 pregnant 
Israeli women 


Original and 
Alpha¶ 


Excluded   BNT162b2  Documented 
infection 


54 (33‐69)  11‐27 
days  


  —    ~5 weeks 


78 (57‐89)  28+ 


57#  Chemaitelly et 
al* (July 9, 
2021) 


Qatar  Test‐negative 
case‐control 


25,034 matched 
pairs of adults 


Alpha^  Unknown  mRNA‐1273 
 


Documented 
infection 


88.2 (83.8‐91.4)  14+ days, 
prior to 
2nd dose 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated 
persons) 


14+  13 weeks 


52,442 matched 
pairs of adults 


Beta^  Unknown  mRNA‐1273 
 


Documented 
infection 


68.2(64.3‐71.7)  96.0 (90.9‐98.2) 


4,497 matched 
pairs of adults  


Alpha and 
Beta^ 


Unknown  mRNA‐1273 
 


Severe, critical 
or fatal disease 


83.7(74.1‐89.7)  89.5 (18.8‐98.7) 


Symptomatic 
infection 


66.0(60.6‐70.7)  98.6 (92.0‐
100.0) 


Asymptomatic 
infection 


47.3(37.6‐55.5)  92.5 (84.8‐96.9) 


Retrospective 
cohort 


2520 vaccinated 
and 73,853 
unvaccinated, 
antibody‐negative 
controls 


Alpha^  Excluded  mRNA‐1273  Documented 
infection 


—      100.0 (82.5‐
100.) 


14+  13 weeks 


Beta^  Excluded  mRNA‐1273  Documented 
infection 


—      87.8 (73.4‐95.5) 


Variants of 
unknown 
status  


Excluded  mRNA‐1273  Documented 
infection 


—      93.5 (76.6‐99.2) 


56#  Tenforde et al  
(July 8, 2021) 


USA  Test‐negative 
case‐control 


1210 hospitalized 
adults in the US  


Original and 
Alpha^ 
 


Included  BNT162b2/mR
NA‐1273 


Hospitalization   76.0(63.7‐84.1)  14+  86.9 (80.4‐91.2)  14+  ~2 weeks  


BNT162b2  —      84.3 (74.6‐90.3) 


mRNA‐1273  —      90.0 (82.0‐94.4) 


Alpha^  Included  BNT162b2/mR
NA‐1273 


—      92.8 (83.0‐96.9) 


55  Jara et al  
(July 7,2021) 


Chile  Prospective 
cohort  


10,187,720 
Chilean adults  


Alpha and 
Gamma^ 


Excluded  CoronaVac  Documented 
infection 


15.5 (14.2‐16.8)  14+ days, 
prior to 
dose 2 


65.9 (65.2‐66.6)  14+  8 weeks  


Hospitalization  37.4 (34.9‐39.9)  87.5 (86.7‐88.2) 
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  ICU admission   44.7 (40.8‐48.3)  90.3 (89.1‐91.4) 


Death   45.7 (40.9‐50.2)  86.3 (84.5‐87.9) 


54#  Nasreen et al 
(July 3, 2021) 


Canada   Test‐negative 
Case Control  


421073 
community 
dwelling 
individuals  


Non‐VOC   Unknown   BNT162b2  Symptomatic 
infection 


61 (54, 68)  14+ days  93 (88, 96)  7+  18 weeks  


Hospitalization 
or death 


68 (54,78)  96 (82, 99) 


mRNA‐1273  Symptomatic 
infection 


54 (28, 70)  


 


89 (65, 96)  


 


Hospitalization 
or death 


57 (28, 75)  


 


96 (70, 99)  


 


AZD1222  Symptomatic 
infection 


67 (38, 82)  


 


—   


Alpha^  Unknown  BNT162b2  Symptomatic 
infection 


66 (64, 68)  


 


89 (86, 91)  


 


Hospitalization 
or death 


80 (78, 82)  


 


95 (92, 97)  


 


mRNA‐1273  Symptomatic 
infection 


83 (80, 86)  


 


92 (86, 96) 


Hospitalization 
or death 


79 (74, 83)  94 (89, 97) 


AZD1222  Symptomatic 
infection 


64 (60, 68)  —   


Hospitalization 
or death 


85 (81, 88)  —   


Beta/Gamm
a^ 


Unknown  BNT162b2  Symptomatic 
infection 


60 (52,67)  84 (69, 92) 


Hospitalization 
or death 


77 (69, 83)  95 (81, 99) 


mRNA‐1273  Symptomatic 
infection 


77 (63, 86)  —   


Hospitalization 
or death 


89 (73, 95)  —   


AZD1222  Symptomatic 
infection 


48 (28, 63)  —   


Hospitalization 
or death 


83 (66, 92)  —   


Delta^  Unknown  BNT162b2  Symptomatic 
infection 


56 (45, 64)  87 (64, 95) 


Hospitalization 
or death 


78 (65, 86)  —   
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mRNA‐1273  Symptomatic 
infection 


72 (57, 82)  —   


Hospitalization 
or death 


96 (72, 99)  —   


AZD1222  Symptomatic 
infection 


67 (44, 80)  —   


Hospitalization 
or death 


88 (60, 96)  —   


53  Baum et al 
(June 28,2021) 
 


Finland   Prospective 
cohort  


Two study 
cohorts: 901092 
Finnish elderly 
aged 70 years and 
774526 
chronically ill aged 
16‐69 years  


Original and 
Alpha^ 


Excluded   BNT162b2 & 
mRNA‐1273  
 


Documented 
infection  


45 (36‐53)  21+ days   75 (65‐82)  7+  16 weeks  


Hospitalization   63 (49‐74)  93 (70‐98) 


AZD1222  Documented 
infection  


42 (32‐50)  —   


Hospitalization   62 (42‐75)  —   


52  Saciuk et al 
(June 27, 2021) 


Israel  Retrospective 
cohort 


1.6 million 
members of 
Maccabi 
HealthCare HMO 
≥16 


Original and 
Alpha¶ 


Excluded  BNT162b2  Documented 
infection 


—      93.0 (92.6‐93.4)  7+  14 weeks 


Hospitalization  —      93.4 (91.9‐94.7)  7+ 


Death  —      91.1 (86.5‐94.1)  7+ 


51  Pawlowski et 
al.* (Jun 17, 
2021) 
[Update to Feb. 
18, 2021 
preprint] 


USA – 
Mayo 
Clinic 


Retrospective 
Cohort 
 


68,266  – 


propensity 


matched on, zip, # 


of PCRs, 


demographics  


Original & 


Alpha 
¥
 


excluded  BNT162b2  
 


Documented 
Infection 


61.0 (50.8‐69.2)  ≥14, prior 
to 2nd 
dose 


88.0 (84.2‐91.0)  ≥14  ~17 weeks 
(120 days) 


Hospitalization  —      88.3 (72.6‐95.9)  ≥14 


ICU Admission  —      100.0 (18.7‐
100) 


≥14 


mRNA‐1273  Documented 
Infection 


66.6 (51.9‐77.3)  ≥14, prior 
to 2nd 
dose 


92.3 (82.4‐97.3)  ≥14 


Hospitalization  —      90.6 (76.5‐97.1)  ≥14 


ICU Admission  —      100.0 (17.9‐
100) 


≥14 


50  Young‐Xu et al 
(July 14,2021) 
[Update to Jun 
22 preprint] 


USA   Test negative 
case control  


77014 veterans 
within Veterans 
Health 
Administration 


Original and 


Alpha ⴕⴕ 


Excluded   BNT162b2 & 
mRNA‐1273 


Documented 
infection  


58 (54‐62)  7+ days 
up to 
dose 2 


94 (92‐95)  7+   ~8 weeks  


Hospitalization  40 (27‐50)  89 (81‐93) 


Death  55 (21‐ 74)  98.5 (86.6‐99.8) 


49  Mazagatos et al 
(June 17, 
2021)*  


Spain   Screening 
method  


8379 Long‐term 
care facility 
residents  


Original and 


Alphaⴕⴕ 


Included   BNT162b2 & 
mRNA‐1273 


Documented 
infection  


50.5 (37.1‐61.1)  >14   71.4 (55.7‐81.5)  >7 for 
BNT162b2, 
>14 for mRNA‐
1273 


~10 weeks 


Asymptomatic 
infection  


58.0 (41.7‐69.7)  69.7 (47.7‐82.5) 


Hospitalization   53.0 (25.7‐70.3)  88.4 (74.9‐94.7) 


Deaths   55.6 (26.6‐73.2)  97.0 (91.7‐98.9) 


48  Azamgarhi et al 
(June 17, 
2021)*  


UK‐
London  


Retrospective 
cohort  


2235 HCWs 
working at one 
hospital  


Original and 
Alpha£ 


Excluded   BNT162b2  Documented 
infection  


70.0 (6.0‐91.0)  >14   —       
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[Update to 
Azamgarhi et al 
below] 


47  Gupta et al 
(June 16, 
2021)* 


USA  Retrospective 
cohort  


4028 HCWs in 
Boston, 
Massachusetts 


Original and 
Alpha  


Unknown   mRNA‐1273  Documented 
infection  


95.0 (86‐98.2)  >14 days 
post dose 
1 to 13 
days post 
dose 2 


—       


46#  Stowe et al 
(June 14, 2021) 


UK  TND Case‐
control 


Patients seeking 
emergency care 
services with 
subsequent 
hospitalization 


Alpha  included  BNT162b2  Hospitalization  83 (62‐93)  21+ to 
<13 days 
post dose 
2 


95 (78‐99)  14+  ~20 weeks 
(but most 
much less) 


AZD1222  76 (61‐85)  86 (53‐96) 


Delta  BNT162b2  94 (46‐99)  96 (86‐99) 


AZD1222  71 (51‐83)  92 (75‐97) 


45#  Sheik et al 
(June 14, 2021) 
 


Scotland  TND  Scottish 
population 


Alpha   Unknown  BNT162b2  Documented 
infection 


38 (29‐45)  28+  92 (90–93)   14+  ~20 weeks 
(but most 
much less) Unknown  AZD1222  Documented 


infection 
37 (32‐42)  28+  73 (66–78)  14+ 


Delta  Unknown  BNT162b2  Documented 
infection 


30 (17‐41)  28+  79 (75–82)  14+ 


Unknown   AZD1222  Documented 
infection 


18 (9‐25)  28+  60 (53–66)  14+ 


44  Flacco, Maria 
et al*  
(June 10, 2021) 


Italy   Retrospective 
cohort  


245,226 
individuals  


Original and 


Alphaⴕⴕ 


Unknown   BNT162b2  Documented 
infection  


55 (40‐66)  14+ days   98 (97‐99)  14+  ~14 weeks 


Hospitalization   —    99 (96‐100)  14+ 


Death   —    98 (87‐100)  14+ 


mRNA‐1273  Documented 
infection  


93 (74‐98)  14+ days  —     


AZD1222  Documented 
infection  


95 (92‐97)  21+ days  —     


43  Skowronski et 
al* (July 9, 
2021) 
[Update to 
June 9 
preprint] 


Canada  TND  ≥70 year olds 
living in 
community 


Alpha  Included  BNT162b2 & 
mRNA‐1273 


Documented 
infection 


67 (95% CI 57‐
75) 


21+  —      ~6 weeks 


Gamma  61 (95% CI 45‐ 
72) 


21+ 


Non‐VOC  72 (95% CI 58‐
81) 


21+ 


42  Emborg et al. 
(June 2, 2021) 
[Update of 
Houston‐
Melms below] 


Denmark  Cohort  46,101 long‐term 
care facility (LTCF) 
residents, 61,805 
individuals 65 
years and older 
living at home but 
requiring practical 
help and personal 
care (65PHC), 
98,533 individuals 
≥85 years of age 
(+85), 425,799 
health‐care 


original & 
Alpha¶¶ 


excluded  BNT162b2  Documented 
infection 


7 (‐1‐15) 
 


>14  82 (79‐84)  >7  10 weeks 


COVID‐
Hospitalization 


35 (18‐49)  >14  93 (89‐96)  >7 


COVID‐
Mortality 


7 (‐15‐25)  >14  94 (90‐96)  >7 
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workers (HCWs), 
and 231,858 
individuals with 
comorbidities that 
predispose for 
severe COVID‐19 
disease (SCD) 


41  Thompson et 
al* 
[updated on 
June 30,2021] 
 


USA  Cohort  3975 health care 
personnel, first 
responders, and 
other essential 
and frontline 
workers in 8 
locations in US 


Original  Excluded  BNT162b2  Documented 
infection 


80 (60‐90) 
 


≥14 days 
post dose 
1 to 13 
days post 
dose 2 


93 (78‐98) 
 


≥14  13 weeks 


mRNA‐1273  Documented 
infection 


83 (40‐95) 
 


≥14 days 
post dose 
1 to 13 
days post 
dose 2 


82 (20‐96) 
 


≥14   


40  Salo et al 
(July 10, 2021) 
[Update to May 
30 preprint] 


Finland  Retrospective 
cohort 


HCW and their 
unvaccinated 
spouses 


Alphaⴕⴕ  Excluded  BNT162b2 & 
mRNA‐1273 


Documented 
infection in 
HCW 


26.8 (7.5‐42.1) 
 


2 weeks  —      *10 weeks 
since dose 1 


Documented 
infection in 
HCW 


69 (59.2‐76.3) 
 


10 weeks 
(combo of 
1+2 dose 
recipients
) 


—   
  


 


39  Khan et al (May 
31, 2021) 


USA  Retrospective 
cohort 


14,697 IBD 
patients in VA 
hospitals 


Unknown  Included  BNT162b2 & 
mRNA‐1273 


Documented 
infection 


‐1 (‐50‐32)  14+  69 (44‐83) 
 


7+  14 weeks  


Hospitalization/
death 


9 (‐114‐61)  14+  49 (‐36‐81)  7+ 


38  Martinez‐Bas 
et al* 
(May 27, 2021) 


Spain  Prospective 
Cohort 


20,961 close 
contacts of 
confirmed cases 


Alpha  Excluded  BNT162b2  Documented 
infection 


21 (3‐36%)  14+  65 (56‐73)  14+  12 weeks 


Symptomatic 
infection 


30 (10‐45)  14+  82 (73‐88)  14+ 


Hospitalization  65 (25‐83)  14+  94 (60‐99)  14+ 


AZD1222  Documented 
infection 


44 (31‐54)  14+  —      n/a 


Symptomatic 
infection 


50 (37‐61)  14+  —     


Hospitalization  92 (46‐99)  14+  —     


37#  Chung et al 
(Updated July 
26, 2021) 


Canada  Test negative 
design case 
control 


Adults in Ontario 
53,270 cases 
270,763 controls 


Non‐VOC^  Excluded  BNT162b2  Symptomatic 
infection 


59 (55‐62) 
 


14+ 
 


91 (88‐93) 
 


7+  15 weeks 


Hospitalization 
and Death 


69 (59‐77) 
 


96 (82‐99) 
 


0+ 


mRNA‐1273  Symptomatic 
infection 


72 (63‐80) 
 


94 (86‐97) 
 


7+ 


Hospitalization 
and Death 


73 (42‐87)  96 (74‐100)  0+ 
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Alpha 
specifically^ 


BNT162b2 & 
mRNA‐1273 


Symptomatic 
infection 


61 (56‐66)  90 (85‐94)  7+ 


Hospitalization
and Death 


59 (39‐73)  94 (59‐99)  0+ 


Beta or 
Gamma 
specifically^ 


BNT162b2 & 
mRNA‐1273 


Symptomatic 
infection 


43 (22‐59)  88 (61‐96) 
 


7+ 


BNT162b2 & 
mRNA‐1273 


Hospitalization
and Death 


56(‐9‐82)  100  0+   


36  PHE  
(May 20, 2021) 


UK  Test‐negative 
case control 


≥65 years  Alpha  excluded  BNT162b2  Symptomatic 
infection 


54 (50‐58) 
 


28+  90 (82‐95) 
 


≥14   


AZD1222  Symptomatic 
infection 


53 (49‐57)  28+  89 (78‐94)  ≥14   


35#  Ranzani et al. 
(updated Jul 
21, 2021) 


Brazil  Test‐negative 
case control 


7950 matched 
pairs among 70+ 
year olds in Sao 
Paulo 


Gamma  Included  Coronavac  Symptomatic 
infection 


10.5 (‐4.4‐23.3)  ≥14 
 


41.6 (26.9 ‐
53.3) 


≥14 
 


~10.5 weeks 


Hospitalization 
 


18.5 (‐1.0‐34.2)  59.0 (44.2‐69.8) 


Death  31.6 (7.1‐49.7)  71.4 (53.7‐82.3) 


34  Ismail et al. 
(May 12, 2021) 


UK  Screening 
method 


13,907 ≥70   Alpha  included  AZD1222  Hospitalization 
in 70‐79 


84 (74‐89) 
 


28+  —       


Hospitalization 
I n 80+ 


73 (60‐81) 
 


28+  —       


BNT162b2  Hospitalization 
in 70‐79 


81 (73‐87) 
 


28+  —       


Hospitalization 
I n 80+ 


81 (76‐85) 
 


28+  93 (89‐95) 
 


≥14   


33  Pilishvili et al.* 
(May 14, 2021) 


US  Test‐negative 
case control  


HCP at 33 U.S. 
sites across 25 
U.S. states 


Unknown  Excluded  BNT162b2 & 
mRNA‐1273 


Symptomatic 
infection 


82 (74‐87)  ≥14 days 
after dose 
1 to 6 
days after 
dose 2 


94 (87‐97)  ≥7   


32  Lopez‐Bernal et 
al.*  
(May 13, 2021) 
[Update to Mar 
1 preprint] 


UK  Test‐negative 
case control 


156,930 UK 
population over 
age 70 


Alpha^  Included  BNT162b2  Over 80 years: 
Symptomatic 
infection 


—      79 (68‐86)  ≥7   


Over 70 years: 
Symptomatic 
infection 


61 (51‐69)  28‐34 
days after 
dose 1 
including 
some with 
dose 2 


—       


AZD1222  Over 70 years:  
Symptomatic 
infection 


60 (41‐73)  28‐34 
days after 
dose 1 
including 
some with 
dose 2 


—       


31  Angel et al.* 
(May 6, 2021) 


Israel  Retrospective 
cohort  


Alpha¶  Excluded  BNT162b2  Symptomatic  89 (83‐94)  >7 days 
after dose 


97 (94‐99)  >7 days   
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6710 HCWs at a 
single tertiary care 
center in  


Asymptomatic  36 (‐51‐69)  1 to 7 
days after 
dose 2 


86 (69‐97)   


30#  Abu‐Raddad et 
al.*  (July 8, 
2021) 


Qatar  Test‐negative 
case‐control  


Qatari adults   Alpha & 
Beta^ 


Unknown  BNT162b2  CC Alpha 
documented 
infection 


65.5 (58.2‐71.5)  15‐21 
days 


90 (86‐92)  ≥14   


CC Alpha 
severe/fatal 
infection 


72 (32‐90) 
 


100 (82‐100)   


CC Beta 
documented 
infection 


46.5 (38.7‐53.3) 
 


75 (71‐79)   


CC Beta 
severe/fatal 
infection 


56.5 (0‐82.8) 
 


100 (74‐100)   


Retrospective 
cohort 


 Qatari adults  Alpha & 
Beta^ 


Unknown  BNT162b2  Cohort 
documented 
infection Alpha 


—      87 (82‐91)   


Cohort 
documented 
infection Beta 


—      72 (66‐77)   


29  Haas et al. * 
(May 5, 2021) 
[Update to Mar 
24 preprint] 


Israel   Retrospective 
cohort 


Israeli population 
≥16 years  


Alpha^  Excluded  BNT162b2  Documented 
infection 


—      95.3  (94.9‐
95.7) 


≥7 days   


Asymptomatic 
infection 


91.5 (90.7‐92.2)   


Symptomatic 
infection 


97.0 (96.7‐97.2)   


Hospitalization  97.2 (96.8‐97.5)   
Severe/ critical 
hospitalization 


97.5 (97.1‐97.8)   


Death  96.7 (96.0‐97.3)   
28  Corchado‐


Garcia et al.  
(April 30, 2021) 


USA  Retrospective 
cohort 


24,145 patients in 
the Mayo Clinic 
Network 


Original  & 


Alpha
¥
 


Excluded  Ad26.COV2.S  Documented 
infection 


77 (30‐95)  ≥15 days  —       


27  Fabiani et al.* 
(Apr 29, 2021) 


Italy  Retrospective 
cohort 


9,878 HCWs   Unknown  Excluded  BNT162b2  Documented 
infection 


84 (40‐96)  14‐21 
days 


95 (62‐99)  ≥7 days   


Symptomatic 
infection 


83 (15‐97)  94 (51‐99)   


26  Gras‐Valenti et 
al.*(Apr 29, 
2021) 


Spain  Case‐control  268 Spanish HCWs  Original & 
Alpha¥¥ 


Included  BNT162b2  Documented 
infection 


53 (1‐77)  >12 days  —       


25  Tenforde et 


al.* 
(Apr 28, 2021) 


 


 


 


USA  Test‐negative 


case‐control 


Hospitalized 
adults ≥65 years  


Original and 
Alpha¥ 


Unknown  BNT162b2 & 
mRNA‐1273 
 


Hospitalization   64 (28‐82)  
 


≥14 days 
after dose 
1 to 14 
days after 
dose 2 


94 (49‐99)  ≥14 days    







         


13 | P a g e  
 


 


24  Menni et al.* 
(Apr 27, 2021) 
[Update to Mar 
4 preprint] 


UK  Prospective  
cohort 


Approximately 
500,000 general 
population >16 
years 


original and 
Alpha£ 


Included  BNT162b2   Documented 
infection (self‐
reported) 


58 (54‐62)  12‐20   
—   


 
 


 


AZD1222  Documented 
infection (self‐
reported) 


60 (49‐68)  12‐20   


23  Goldberg et al. 
(Apr 24, 2021) 


Israel  Prospective 
cohort 


5,600,000+  
individuals ≥16 


Original and 
Alpha^ 


Included  BNT162b2  Documented 
infection 


58 (57‐59)  >14 days 
after dose 
1 to <7 
days after 
dose 2 


93 (93‐93)   


≥7 days 


 


Hospitalization  69 (68‐71)  94 (94‐95)   
Severe disease  66 (63‐69)  94 (94‐95)   
Death  63 (58‐67)  94 (93‐95)   


22  Pritchard et 
al.*  
(Jun 9, 2021) 
[Update to Apr 
23 preprint] 


UK  Prospective 
cohort 


373,402 
individuals ≥16 


Alpha & 
Original^ 


Excluded  BNT162b2  Documented 
infection 


66 (60‐71)  ≥21 days  80 (74‐85)  ≥0 days   


Symptomatic 
disease 


78 (72‐83)  95 (91‐98)   


AZD1222  Documented 
infection 


61 (54‐68)  79 (65‐88) 
 


 


Symptomatic 
disease 


71 (62‐78)  92 (78‐97)   


21  Vasileiou et al.* 
(Apr 23, 2021)  
[Update to Feb 
21 preprint] 


UK – 
Scotland   


Prospective 
Cohort  
(Person‐time) 


Scotland 
population: 5.4 
million 


Original & 
Alpha£   


 
Excluded 


 
BNT162b2 
 
 


Hospitalization  91 (85‐94)  28‐34 
days 


—       


AZD1222  Hospitalization  88 (75‐94)  28‐34 
days 


 


20  Hall et al.* 
(Apr 23, 2021) 
[Update to Feb 
21 preprint] 


UK – 
SIREN 
study 


Prospective 
Cohort  
(Person‐time) 


23,324 healthcare 
workers 


Alpha^   Excluded  BNT162b2    Documented 
infection 


72 (58‐86)  ≥21   86 (76‐97)  ≥7   


19  Mason et al.  
(Apr 22, 2021) 


UK ‐ 
England 


Case‐control  170,226 80‐83 
year‐olds  
 


Alpha^  Excluded  BNT162b2 
 


Documented 
infection4 


55 (40‐66)  21‐27  70 (55‐ 80)  35‐41   


Hospitalization4  50 (19‐69)  21‐27  75 (52‐87)  35‐41   


18  Bjork et al.  
(Apr 21, 2021) 


Sweden   Retrospective 
cohort  


805,741 Swedish 
adults aged 18‐64 
years 


Original & 
Alpha^ 


Unknown  BNT162b2  Documented 
infection  


42 (14‐63)  ≥14  86 (72‐94)  ≥7   


17  Araos, Rafaele 
(Apr 16, 2021) 
 


Chile   Retrospective 
cohort 


10,500,000 
individuals >16 
years under the 
national health 
fund 
 


Original, 
Gamma, and 
Alpha££ 


Unknown  CoronaVac  Symptomatic 
infection  


16 (14‐18)  ≥14  67 (65‐69)  ≥14   


Hospitalization  37 (32‐39)  ≥14  85 (83‐87)  ≥14   


ICU admission  43 (37‐43)  ≥14  89 (85‐92)  ≥14   


Death  40 (33‐47)  ≥14  80 (73‐86)  ≥14   
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16  Glampson et 
al.*  
(Jul 15, 2021) 
[Update to Apr 
10 preprint] 


UK  Retrospective 
cohort 


2 million adults 
>16 in  Northwest 
London 


Alpha^ 
 


Included  BNT162b2  Documented 
infection 


78 (73‐82)  22‐28  —       


AZD1222  Documented 
infection 


74 (65‐81)  22‐28 


15  Andrejko et 
al.*  
(Jul 20, 2021) 
[update to  
May 25 
preprint] 


USA  Test‐negative 
case control  


1023 California 
adults ≥18 years 


B.1.427/ 
B.1.429 & 
Alpha^ 


Excluded   BNT162b2 & 
mRNA‐1273 


Documented 
infection 


66.9 (28.7‐‐
84.6) 
 


≥15  87.4 (77.2‐93.1) 
 


≥15  ~14 weeks 


Asymptomatic 
infection 


—      68.3 (27.9‐85.7)  ≥15 


Symptomatic 
infection 


—      91.3 (79.3‐96.3)  ≥15 


Hospitalization   —      100  ≥15 


BNT162b2  Documented 
infection 


—      87.0 (68.6‐94.6)  ≥15 


mRNA‐1273  Documented 
infection 


—      86.2 (68.4‐93.9)  ≥15 


14  Regev‐Yochay 
et al.* 
( July 7,2021) 
[Update to 
April 9 preprint] 


Israel   Prospective 
cohort 


3578 HCWs in one 
Israeli health 
system  


Alpha¶  Included  BNT162b2  Asymptomatic 
infection  


—      65 (45‐79)  ≥11   


Asymptomatic 
infection 
presumed 
infectious (Ct< 
30) 


70 (43‐84)  ≥11   


Symptomatic 
infection 


90 (84‐94)  ≥11   


Symptomatic 
infection 
presumed 
infectious 
(CT<30)  


88 (80‐94)  ≥11   


13  Cabezas et al.  
(Apr 9, 2021) 


Spain  Prospective 
cohort  


28,594 nursing 
home residents, 
26,238 nursing 
home staff, and 
61,951 healthcare 
workers in Catalan 


original & 


Alpha¥¥ 


Excluded   BNT162b2  HCWs cohort:  
infection 


43 (37‐47)  0‐14  95 (93‐96)  0   


SNF staff 
cohort: 
infection 


40 (33‐47)  0‐14  88 (85‐90)  0   


SNF resident 
cohort: 
infection 


47 (42‐51)  0‐14  92 (91‐93)  0   


SNF resident 
cohort: 
hospitalization 


55 (44‐64)  0‐14  97 (95‐98)  0   


SNF resident 
cohort: death 


50 (37‐60)  0‐14  98 (97‐99)  0   


12  Bouton et al.  
(Mar 30, 2021) 


USA – MA  Prospective 
Cohort 


10,950 healthcare 
workers in Boston 


Original^  included  BNT162b2 & 
mRNA‐1273 


Documented 
infection 


82 (68‐90) >14 days after dose 1 including some with dose 2 starting 
day 0 
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11  Thompson et 
al.* 
(Mar 29, 2021) 


USA  Prospective 
cohort 


3,950 healthcare 
workers in eight 
US sites 


Original¥  excluded  BNT162b2 &  
mRNA1273 


Documented 
infection 


80 (59‐90)  ≥14  90 (68‐97)  ≥14   


10  Shrotri et al.* 
(Jun 23, 2021) 
[Update to Mar 
26 preprint] 


UK  Prospective 
cohort 


10,412 care home 
residents aged 
≥65 years from 
310 LTCFs in 
England 


Original and 
Alpha^ 


Stratified  BNT162b2  Documented 
infection  


65 (29‐83)  35‐48  —       


AZD1222  Documented 
infection  


68 (34‐85)  35‐48   


9  Public Health 
England – 
March  
(Mar 17, 2021) 


UK ‐ 
England 


Test Negative 
Case‐Control 


Adults in England 
over 70 years 


Alpha^ 
 


?  BNT162b2  Symptomatic 
infection  


58 (49‐65)  ≥28  —       


AZD1222  Symptomatic 
infection  


58 (38‐72)  ≥35   


Retrospective 
Cohort 


Adults in England 
over 80 years  


Included  BNT162b2  Hospitalization1  42 (32‐51)  ≥14  —       


 


Death1  54 (41‐64)  ≥14   


AZD1222  Hospitalization1  35 (4‐56)  14‐21   


8  Yelin et al. 
(Mar 17, 2021)  


Israel – 
Maccabi 
System 


Retrospective 
Cohort  


1.79 million 
enrollees, adults 
<90 years 


Alpha^  excluded   BNT162b2  Documented 
infection 


91 (89‐93) ≥35 days after dose 1 most with dose 2    


Symptomatic 
infection 


99 (95‐99) ≥35 days after dose 1 most with dose 2   


7  Britton et al.* 
(Mar 15, 2021) 


USA – CT  Retrospective 
Cohort  


463 residents of 
two skilled nursing 
facilities 
experiencing 
outbreaks 


Original
¥
  stratified  BNT162b2  Include Hx of 


COVID: 
Documented 
infection 


63 (33‐79) ≥14 days after dose 1 including some with dose 2 through 
day 7 


 


Exclude Hx of 
COVID:  
Documented 
infection 


60 (30‐77) ≥14 days after dose 1 including some with dose 2 through 
day 7 


 


6  Tande et al.* 
(Mar 11, 2021) 


USA – 
Mayo 
Clinic 


Retrospective 
Cohort 


Asymptomatic 
screening of 
39,156 patients: 
pre‐surgical, pre‐
op PCR tests 


original
¥
  included  BNT162b2 & 


mRNA‐1273 
Asymptomatic 
infection 


79 (63‐88) 
>10 days after dose 1, 
including some with dose 2  


80 (56‐91)  >0   


BNT162b2  Asymptomatic 
infection 


79 (62‐89)  >10   80 (56‐91)  >0   


5  Mousten‐
Helms et al.  
(Mar 9, 2021) 


Denmark  Retrospective 
Cohort 


Long term care 
facilities in 
Denmark ‐ 39,040 
residents, 331,039 
staff 


original & 
Alpha¶¶ 


excluded  BNT162b2  LTCF Resident: 
Documented 
Infection 


21 (‐11‐44)  >14  64 (14‐84)  >7   


LTCF Staff: 
Documented 
Infection 


17 (4‐28)  >14  90 (82‐95)  >7   


4  Hyams et al.* 
(Jun 23, 2021) 
[Update to Mar 
3 preprint] 


UK – 
University 
of Bristol  


Test Negative 
Case‐Control 


466 tests:  >80 
years hospitalized 
with respiratory 
symptoms  


Alpha
£
  included  BNT162b2  Hospitalization  79 (47‐93)  >14  —       


AZD1222  Hospitalization  80 (36‐95)  >14   


3  Dagan et al.* 
(Feb. 24, 2021) 


Israel – 
Clalit 
Health 
System 


Retrospective 
Cohort 


596,618 – 
matched on 
demographics, 
residence, clinical 
characteristics 


original & 
Alpha^  


excluded  BNT162b2  Documented 
infection 


46 (40‐51)  14‐21   92 (88‐95)  >7    


Symptomatic 
infection 


57 (50‐63)  14‐21   94 (87‐98)  >7    


Hospitalization  74 (56‐86)  14‐21  87 (55‐100)  >7    
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Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA‐1273 (Moderna), AZD1222 (Astra‐Zeneca), Ad26.COV2.S (Janssen), Coronavac 
ⴕUnless stated otherwise, days post 1st dose are prior to receiving dose 2 


*Manuscripts with an asterisk (*) are peer‐reviewed publications.  
1VE for individuals with PCR confirmed symptomatic disease progressing to hospitalization or death 
2VE for household members of vaccinated HCWs vs household members of unvaccinated HCWs  
 
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS‐CoV‐2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID‐19) Infection Survey, UK ‐ Office for National Statistics 
¶¶Denmark logs more contagious COVID variant in 45% of positive tests | Reuters 
¥¥COVID variant first detected in UK now dominant strain in Spain 
££Reporte‐circulacion‐variantes‐al‐9.04.21‐PUBLICADO‐FINAL.pdf (minsal.cl) 
ⴕⴕBased on https://outbreak.info/location‐reports  
https://www.gov.uk/government/publications/covid‐19‐variants‐genomically‐confirmed‐case‐numbers/variants‐distribution‐of‐cases‐data 
# Manuscripts that are cited in the WHO COVID‐19 Weekly Epidemiological Updates (see Special Focus Update on SARS‐CoV‐2 Variants of Interest and Variants of Concern, Table 3, included in every 
other Weekly Epidemiological Update): https://www.who.int/emergencies/diseases/novel‐coronavirus‐2019/situation‐reports.  


1.1   Inclusion criteria for VE studies 


Note: All VE studies now must meet these criteria to be in the VE table: 
•  Published or preprint studies (not press release, presentations, media) 
•  Needs confidence intervals around VE 
•  Needs to include persons with & without infection or disease and with and without vaccination (ie a proper comparison group) 
•  No case only studies (e.g., impact studies, risk of progression to severe disease (i.e. PHE)).   
•  No modeled comparison group 
•  No comparison to historical cohort 
•  VE should be adjusted or state adjustment made no difference  
•  Outcomes must be lab confirmed, not syndromic 
•  Documented vaccination status needed 
•  VE for one vaccine or combined vaccines of same platform e.g. Pfizer + Moderna 
•  No significant bias that likely affects results  
•  Cannot include day 0‐12 in unvaccinated definition 
•  Cannot compare to early post vaccination to calculate VE (e.g. day 0‐12 vs day 12‐21) 


Severe disease  62 (39‐80)  14‐21  92 (75‐100)  >7    


2  Public Health 
England – Feb. 
(Feb. 22, 2021) 


UK ‐ 
England 


Screening 
Method 


43,294 cases, with 
England as source 
population 


Alpha^  included  BNT162b2  Over 80 years: 
Symptomatic 
infection 


57 (48‐63)  >28   88 (84‐90)  7    


1  Amit et al.* 
(Feb 18, 2021) 


Israel  Prospective 
Cohort 


9,109 healthcare 
workers 


original & 
Alpha¶ 


excluded  BNT162b2  Documented 
infection 


75 (72‐84) ≥15 days after dose 1 including some with dose 2 through 
day 7 


 


Symptomatic 
infection 


85 (71‐92) ≥15 days after dose 1 including some with dose 2 through 
day 7 
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1.2   VE Studies that do not meet criteria are listed below in case of interest: 


1. Hunter P and Brainard J. Estimating the effectiveness of the Pfizer COVID‐19 BNT162b2 vaccine after a single dose. A reanalysis of a 


study of 'real‐world’ vaccination outcomes from Israel. medRxiv. Published online 2021:2021.02.01.21250957. doi: 
10.1101/2021.02.01.21250957 


2. Institut National de Santé Publique du Québec. Preliminary Data on Vaccine Effectiveness and Supplementary Opinion on the Strategy 


for Vaccination Against COVID‐19 in Quebec in a Context of Shortage. Gouvernement du Québec. 2021:Publication No 3111. Available 


at: https://www.inspq.qc.ca/sites/default/files/publications/3111‐vaccine‐effectiveness‐strategy‐vaccination‐shortage‐covid19.pdf.  


3. Weekes M, Jones NK, Rivett L, et al. Single‐dose BNT162b2 vaccine protects against asymptomatic SARS‐CoV‐2 infection. Authorea. 
Published online Feb 24, 2021. doi: 10.22541/au.161420511.12987747/v1 


4. Aran D. Estimating real‐world COVID‐19 vaccine effectiveness in Israel using aggregated counts. Published online Mar 4, 2021. 


Available at: https://github.com/dviraran/covid_analyses/blob/master/Aran_letter.pdf.  


5. Shah ASV, Gribben C, Bishop J, et al. Effect of vaccination on transmission of COVID‐19: an observational study in healthcare workers 


and their households. medRxiv. Published online 2021:2021.03.11.21253275. doi: 10.1101/2021.03.11.21253275 
6. Monge S, Olmedo C, Alejos B, et al. Direct and indirect effectiveness of mRNA vaccination against SARS‐CoV‐2 infection in long‐term 


care facilities in Spain. medRxiv. Published online 2021:2021.04.08.21255055 doi: 10.1101/2021.04.08.21255055 
7. Vahidy FS, Pischel L, Tano ME, et al. Real World Effectiveness of COVID‐19 mRNA Vaccines against Hospitalizations and Deaths in the 


United States. medRxiv. Published online 2021:2021.04.21.21255873 doi: 10.1101/2021.04.21.21255873 
8. Swift MD, Breeher LE, Tande AJ, et al. Effectiveness of Messenger RNA Coronavirus Disease 2019 (COVID‐19) Vaccines Against Severe 


Acute Respiratory Syndrome Coronavirus 2 (SARS‐CoV‐2) Infection in a Cohort of Healthcare Personnel. Clin Inf Dis. Published online 
Apr 26, 2021:2021;ciab361. doi: 10.1093/cid/ciab361 


9. Zaqout A, Daghfal J, Alaqad I, et al. The initial impact of a national BNT162b2 mRNA COVID‐19 vaccine rollout. medRxiv. Published 
online 2021:2021.04.26.21256087 doi: 10.1101/2021.04.26.21256087 


10. Cavanaugh AM, Fortier S, Lewis P, et al. COVID‐19 Outbreak Associated with a SARS‐CoV‐2 R.1 Lineage Variant in a Skilled Nursing 


Facility After Vaccination Program – Kentucky, March 2021. MMWR Morb Mortal Wkly Rep. 2021;70:639‐643. doi: 
10.15585/mmwr.mm7017e2 


11. Tang L, Hijano DR, Gaur AH, et al. Asymptomatic and Symptomatic SARS‐CoV‐2 Infections After BNT162b2 Vaccination in a Routinely 


Screened Workforce. JAMA. Published online May 6, 2021:2021;325(24):2500‐2502. doi: 10.1001/jama.2021.6564 


12. Chodick G, Tene L, Rotem Ran S, et al. The Effectiveness of the Two‐Dose BNT162b2 Vaccine: Analysis of Real‐World Data. Clin Infect 
Dis. Published online May 17, 2021:2021;ciab438. doi: 10.1093/cid/ciab438 


13. Lopez Bernal J, Andrews N, Gower C, et al. Effectiveness of BNT162b2 mRNA vaccine and ChAdOx1 adenovirus vector vaccine on 


mortality following COVID‐19. medRxiv. Published online 2021:2021.05.14.21257600 doi: 10.1101/2021.05.14.21257218 
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14. Bianchi FB, Germinario CA, Migliore G, et al. BNT162b2 mRNA COVID‐19 Vaccine Effectiveness in the Prevention of SARS‐CoV‐2 


Infection: A Preliminary Report. J Infect Dis. Published online May 19, 2021:2021;jiab262. doi: 10.1093/infdis/jiab262 


15. Walsh J, Skally M, Traynor L, et al. Impact of first dose of BNT162b2 vaccine on COVID‐19 infection among healthcare workers in an 


Irish hospital. Ir J Med Sci. Published online May 2021:1‐2. doi:10.1007/s11845‐021‐02658‐4  


16. Yassi A, Grant JM, Lockhart K, et al. Infection control, occupational and public health measures including mRNA‐based vaccination 


against SARS‐CoV‐2 infections to protect healthcare workers from variants of concern: a 14‐month observational study using 


surveillance data. medRxiv. Published online 2021:2021.05.25.21257600. doi:10.1101/2021.05.21.21257600 
17. Kumar S, Saxena S, Atri M, Chamola SK. Effectiveness of the Covid‐19 vaccine in preventing infection in dental practitioners: results of 


a cross‐sectional questionnaire‐based survey. medRxiv. Published online 2021:2021.05.28.21257967. 


doi:10.1101/2021.05.28.21257967 


18. Shrestha NK, Nowacki AS, Burke PC, Terpeluk P, Gordon SM. Effectiveness of mRNA COVID‐19 Vaccines among Employees in an 


American Healthcare System. medRxiv. Published online 2021:2021.06.02.21258231. doi:10.1101/2021.06.02.21258231 
19. Riley S, Wang H, Eales O, et al. REACT‐1 Round 12 Report: Resurgence of SARS‐CoV‐2 Infections in England Associated with Increased 


Frequency of the Delta Variant.; 2021. https://spiral.imperial.ac.uk/bitstream/10044/1/89629/2/react1_r12_preprint.pdf 


20. Ben‐Dov IZ, Oster Y, Tzukert K, et al. The 5‐months impact of tozinameran (BNT162b2) mRNA vaccine on kidney transplant and 


chronic dialysis patients. medRxiv. Published online June 16, 2021:2021.06.12.21258813. doi:10.1101/2021.06.12.21258813 
21. Victor PJ, Mathews KP, Paul H, Murugesan M, Mammen JJ. Protective Effect of COVID‐19 Vaccine Among Health Care Workers During 


the Second Wave of the Pandemic in India. Mayo Clin Proc. Published online 2021. 
22. Chodick G, Tene L, Patalon T, et al. Assessment of Effectiveness of 1 Dose of BNT162b2 Vaccine for SARS‐CoV‐2 Infection 13 to 24 


Days After Immunization. JAMA Netw Open. Published online Jun 7, 2021:2021;4(6):e2115985. doi: 
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2. Duration of Protection Studies 
(These are studies that do not meet aforementioned criteria for Table 1 that are relevant to evaluating duration of protection) 


 
#  Reference (date)  Country  Population  Dominant 


Variants 
Vaccine 
product 


Study Period  Descriptive Findings 


1.  Mizrahi et al  
(July 31, 2021) 


Israel  16+ year olds 
enrolled at 
Maccabi Health 
Services 


Delta  Pfizer  June 1‐July 27  The study compared the rate of breakthrough infection during June and 
July, when Delta was the dominant strain, between individuals who 
received 2 doses of the vaccine earlier this year to individuals who 
received two doses of the vaccine more recently, while adjusting for 
confounders. The authors report that persons vaccinated between 
January and February 2021 had a 53% (95% CI: 40‐68%) increased risk 
of breakthrough infection in June and July compared to individuals 
vaccinated between March and April 2021.  There was no difference by 
age groups 16‐39, 40‐59, ≥60 years. No unvaccinated persons were 
included in the study; thus vaccine effectiveness was not evaluated 


 


3. Summary of Study Results for Post‐Authorization COVID‐19 Vaccine Effectiveness Against Transmission* 
#  Reference 


(date) 
Country  Design  Population  Dominant 


Variants 
(Alpha=B.1.1.7 
Beta=B.1351 
Gamma=P.1 
Delta=B.1617.2 


History 
of COVID 


Vaccine 
Product 


Outcome 
Measure 


1st Dose 
VE % 
(95%CI) 


Days post 1st dose  2nd Dose VE % (95% CI)  Days 
post 
2nd 
dose 


Max 
Duration 
of follow 
up after 
fully 
vaccinated  


5  Layan, 
Gilboa et al 
(July 
16,2021) 


Israel   Prospective 
cohort  


215 index 
cases and 687 
household 
contacts from 
210 Israeli 
households 


 


Original and 
Alpha¶ 


Included   BNT162b2  Transmission to 
HHC by 
vaccinated vs. 
unvaccinated 
cases 


—      78(30‐94)  7+  ~12 weeks 


4  Prunas et al 
(July 16, 
2021) 


Israel  Retrospective 
cohort 


253,564 Israeli 


individuals 


from 65,264 


households 


with at least 1 


infected 


individual and 


at least 2 


members 


Original and 
Alpha¶  


Unknown   BNT162b2  Infectiousness 
given Infection  


—    —    41.3(9.5‐73.0)  10+   


Transmission   88.5(82.3‐94.8) 
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3  Harris et al* 
(June 23, 
2021) 
[Update to 
Apr 28 
preprint] 


UK  Retrospective 
cohort, case‐
control 


970,128 


household 


contacts of 


index case 


(unvaccinated, 


vaccinated 


with AZD1222 


or BNT162b) 


Alpha£  Unknown   AZD1222  Documented 
infection 


48(38‐
57) 


>21 days after dose 1, 
including some with dose 2 


—       


BNT162b2  46(38‐53 


2  Salo et al 
(July 10, 
2021) 
[Update to 
May 30 
preprint] 


Finland  Retrospective 
cohort 


HCW and their 


unvaccinated 


spouses 


Alphaⴕⴕ  Excluded  BNT162b2 & 
mRNA‐1273 


Documented 
infection in 
HCW’s 
unvaccinated 
spouses  


8.7 (‐
28.9‐
35.4) 
 


2 weeks  —      *10 weeks 
since dose 
1 


Documented 
infection in 
HCW’s 
unvaccinated 
spouses 


42.9 
(22.3‐
58.1) 
 


10 weeks (combo of 1+2 
dose recipients) 


—     


1  Shah et al.  
(Mar 11, 
2021) 


UK ‐ 
Scotland  


Retrospective 
Cohort 


144,525 


healthcare 


workers 


(HCWs) and 


194,362 


household 


members 


original & 


Alpha
£
 


excluded   BNT162b2 & 
AZD1222 


Household 
members of 
HCWs: 
Documented 
infection2  


30 (22‐
37) 


≥14  54 (30‐70)  ≥14   


*Study results captured during literature search of vaccine effectiveness studies. Note this is not an exhaustive list of transmission studies. 
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4. Vaccine Impact: Summary of Ecologic Study Results for Post‐Authorization COVID‐19 Vaccine Products# 


#  Reference (date)  Country  Design  Population 
Dominant 
Variants  Vaccine Product  Descriptive Findings 


46  Banho et al 
(July 31,2021) 


Brazil   Retrospective cohort 
 


Residents of São José 
do Rio Preto, northeast 
region of the state of 
São Paulo.  


 
 


Gamma  AZD1222 and 
CoronaVac 


This retrospective study was conducted between 
October 2020 to June 2021 to report the spread of the 
P.1(Gamma) variant in São José do Rio Preto, Brazil, 
and study the association of the Gamma variant with a 
change in the epidemiological profile, with increased 
numbers of severe COVID‐19 cases and deaths, 
especially in the unvaccinated population. Following 
P.1 introduction, a rapid increase in prevalence was 
observed, reaching more than 96% of the sequenced 
genomes from March to June. There was a marked 
increase in mortality as variant P.1 became dominant 
increasing by 162% (95% CI: 127, 214) when comparing 
July‐September 2020 to March‐April 2021. Vaccination 
with CoronaVac vaccine and AstraZeneca was 
associated with a moderate reduction in the number 
of cases (best‐fit slope – 0.21, 95% CI: –0.03, –0.39). 
However, it was associated with a pronounced 
reduction in severe cases (–0.55, 95% CI: –0.34, –0.76) 
and deaths (–0.58, 95% CI: –0.39, –0.77) 


45  Feder et al (August 
1, 2021) 


USA  Retrospective cohort 
 


9,048 specimens 
representing 89% of 
Maryland residents 


E484K and 
L452R 
mutations 
 


BNT162b2, mRNA‐
1273, and 
Ad26.COV2.S 
 


This study estimated the prevalence of infections in 
fully vaccinated individuals (14+ days after final 
scheduled dose of COVID‐19 vaccine) and association 
with infections caused by E484K mutations to those 
not carrying E484K, between infections caused by 
viruses carrying L452R to those not carrying L452R. In 
adjusted analysis, the E484K substitution was 
associated with an increase in the odds of the 
sequenced specimen being collected from a fully 
vaccinated person (OR 1.96, 95% CI, 1.36 to 2.83). The 
L452R mutation was not significantly associated with 
infections in vaccinated persons (OR 1.07, 95% CI, 0.69 
to 1.68). 


44  Núñez López et al 
(July 27, 2021) 


 


Spain  Prospective cohort  8329 HCW from La Paz 
University Hospital in 
Madrid 


Non‐VOC, 


Alphaⴕⴕ 


BNT162b2  This prospective observational study was conducted 
between January 12, 2020 and July 3, 2021, comparing 
the incidence and prevalence of COVID‐19 infections 
among HCW from the hospital before and after 
vaccination of the cohort. Vaccination occurred 
between January 10‐19, 2021 (dose 1) and February 1‐
9 (dose 2) for about 90% of the HCW. Starting about 2 
weeks after the first round of vaccinations, daily 
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incidence of COVID‐19 among HCW dropped 
substantially and reached 0 as of 8 days after the 
administration period of the second dose. Further 
positive cases among HCW during the study period 
occurred only among partially vaccinated or 
unvaccinated HCWs, and were minimal. Additionally, 
prior to vaccination of HCWs, the trend in the 
prevalence of COVID‐19 infection among HCWs was 
approximately parallel to the trend in the prevalence 
of COVID‐19 patients hospitalized in the same hospital. 
As of two weeks after the first round of vaccination, 
the curves began to diverge.  


43  Bobdey et al (July 
26, 2021) 


India  Retrospective cohort  3196 employees and 
students of a tertiary 
care institute in 
Maharashtra 


Non‐VOC, 


Deltaⴕⴕ 


AZD1222 (SII)  One analysis in this study compared the secondary 
attack rates of COVID‐19 among High Risk Contacts of 
cases during the pre‐vaccination period (Jun‐Oct 2020) 
versus during the post‐vaccination study period (1 Feb‐
25 April, 2021). High Risk Contacts included people 
from the institute who live in the same dormitory and 
use the same bathrooms as confirmed cases. There 
were three cases from three different dormitories 
during the study period considered for the analysis. 
Two secondary cases occurred, resulting in a 
Secondary Attack Rate (SAR) of 4.25% during the post‐
vaccination period, significantly lower than the SAR of 
21.42% in the pre‐vaccination period (p<0.05).  


42  Rubin et al (July 23, 
2021) 
 


USA  Prospective cohort  10,700 district 
employees in 
Philadelphia 


Alpha BNT162b2 
 


This study was conducted in the School District of 
Philadelphia to assess the percentage of positive Rapid 
Antigen test reports in staff members following 


vaccination with BNT162b2. Weekly SARS‐CoV‐2 


antigen screening tests required of all employees 
returning for in‐school instruction in the School District 
of Philadelphia found a 95% lower percentage of 
positive test results among persons who reported 
receipt of 2 doses of COVID‐19 mRNA vaccine (0.09%) 
than among those who were unvaccinated (1.77%). 


41  Pastorino et al (July 
23, 2021) 


Multiple  Ecologic   General population 
from 40 countries  


Unknown   Not specified   This study collected data on COVID‐19 deaths reported 
from countries that had publicly available age‐
stratified data till end of May,2021 to estimate the 
proportion of COVID‐19 deaths in the age group 0‐69 
compared to two pre‐vaccination control periods. In 
total, 40 countries were included for the analysis. The 
proportions of COVID‐19 deaths that occurred in 
people 0‐69 years old were relatively lower in high‐
income countries. The data showed that the use of 
COVID‐19 vaccines was associated with a marked 
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change in the age distribution of COVID‐19 deaths in 
the first 5 months of 2021 


40  Mor et al (July 
23,2021) 


Israel   Retrospective cohort  596 cases and 2515 
controls  


Beta   BNT162b2  This study was undertaken from information retrieved 
from the Israeli Ministry of Health database, and 
included vaccinated and unvaccinated cases that were 
positive for either the B.1.1.7 variant or B.1.351 
variant.  The matching was done with one single 
vaccinated case matched to one or up to 10 
unvaccinated cases on a number of key variables. The 
study calculated the VE against Beta variant, assuming 
that the vaccine efficacy against the Alpha variant is 
95%. The VE against the beta variant was estimated to 
be 93%(CI: 87%‐97%).  


39  Alencar et al (July 
13,2021) 


Brazil   Retrospective cohort  313,328 elderly 
people(75+) from 
Ceara, north‐east Brazil 


Unknown  AZD1222 and 
CoronaVac 


This study used data from National Mortality System 
(SIM) and from the Immunization Program (SIPNI) 
between 17 January and 11 May 2021, for people aged 
75 years and above to evaluate the impact of COVID‐
19 vaccinations on reducing the total number of 
deaths. The mortality rate among the unvaccinated 
elderly was more than 132 times higher, as compared 
to those who had received two doses of a vaccine, 
with a protection ratio for deaths of 99.2%. 


38  Visci et al 
(July 20,2021) 


Italy  Retrospective cohort  20,109 HCWs and 
4,474,292 residents  


Unknown  BNT162b2 
(majority) and 
mRNA‐1273 and  
AZD1222(limited) 
 


This retrospective cohort study included HCWs in Italy 
from March 9, 2020 to April 4, 2021. The study aimed 
to assess the patterns of SARS‐CoV‐2 infections in 
HCWs compared to the general population and to 
evaluate the impact of vaccination. In order to 
calculate the change in test positivity ratios amongst 
the general population and HCWs for each week, the 
authors conducted Joinpoint analyses. The results 
show a significant decrease in the ratio of positive 
tests in the general population from the end of 
January and amongst HCWs from the end of December 
2020, indicating the impact of vaccination. 


37  Mateo‐Urdiales et 
al  
(July 7,2021) 


Italy   Retrospective cohort  Healthcare workers  Unknown  BNT162b2 
(majority) and 
mRNA‐1273 and  
AZD1222(limited) 
 


This retrospective cohort study was undertaken to 
describe the impact of vaccination on SARS‐CoV‐2 
infections among HCWs aged 20‐65 years. From 21st of 
December to 28th March, 2,977,506 doses of vaccines 
were administered in the study population. The total 
proportion of cases and symptomatic cases reported 
amongst HCWs, after adjusting, showed a sustained 
decrease beginning approximately one month after 
vaccination started. By the end of March 2021, there 
was a 74% reduction in the proportion of all cases 
amongst HCWs and an 81% reduction in the 







         


27 | P a g e  
 


proportion of symptomatic cases amongst HCWs 
compared to September 2020. 


36  Waldman et al* 
(July 21, 2021) 


USA  Retrospective cohort  16,156 faculty, 
students, and staff at 
an academic medical 
center 


Original and 


Alpha ⴕⴕ 


BNT162b2 and 
mRNA‐1273 


This retrospective cohort study assessed the impact of 
vaccination on the incidence of SARS‐CoV‐2 infection, 
hospitalization, and mortality among faculty, students, 
and staff at the University of California Davis medical 
center. COVID‐19 incidence decreased from 3.2% 
during the 8 weeks before vaccination began to 0.38% 
4 weeks after the start of vaccination. A single dose of 
either vaccine reduced the hazard of testing positive 
by 48% (HR=0.52, CI 0.40‐0.68) and the positivity rate 
for SARS‐CoV‐2 14+ days after the second dose was 
0.04%. There were no hospitalizations or deaths 
among fully vaccinated (14+ days after dose 2) HCWs 
who tested positive.  


35  Toniassoa et al  
(July 13,2021) 


Brazil   Cross‐sectional   7523 HCWs in a 
hospital in Southern 
Brazil 


Unknown   CoronaVac,  
AZD1222 
 


This is a cross‐sectional study conducted on 7523 
vaccinated (both partial and full vaccination) Brazilian 
healthcare workers to detect the prevalence of COVID‐
19 diagnosis. The diagnosis of COVID‐19 in the past 
reduced the prevalence of new infections by 68% (PR: 
0.32 95% CI: 0.19 – 0.56). After the first dose, infection 
prevalence decreased by 7% every week (PR: 0.93 95% 
CI: 0.89 – 0.97) regardless of the type of vaccine. An 
important finding was that a previous diagnosis of 
COVID‐19 over 45 days ago reduced prevalence by 
71% (PR: 0.29 95% CI: 0.11 – 0.75) among those 
professionals. 


34  Wiliams et al  
(July 8,2021) 


USA  Outbreak study   31 residents and 22 
staff members working 
in a LTCF in the US 


Gamma   BNT162b2 and  
mRNA‐1273 


This study was conducted in an outbreak setting in a 
long‐term care facility where the predominant SARS‐
CoV‐2 variant was determined as the P.1(Gamma 
variant).Vaccine effectiveness against SARS‐CoV‐2 
infection was 52.5% (95%CI 26.9‐69.1%) in residents 
and 66.2% (95%CI, 2.3‐88.3%) in staff. VE against 
severe illness was 78.6% (95%CI 47.9‐91.2) in 
residents. Assuming that all residents and staff of the 
home were exposed, the estimated VE against SARS‐
CoV‐2 infection was 66.0% (95%CI 40.6‐80.5%) in 
residents and 63.5% (95%CI 11.5‐85.0%) in staff 


33  Shacham et al 
(July 5, 2021)  


USA  Ecologic   Residents of 115 
counties and 2 cities in 
Missouri 


Unknown  Unspecified 
(BNT162b2, 
mRNA‐1273, 
Ad26.COV2.S 
available) 


Ecologic study evaluating the relationship between the 
cumulative proportion of residents vaccinated and 
weekly incidence of COVID‐19 by location in 115 
counties and 2 cities in Missouri (total n=117 locations) 
from January 4 to June 26, 2021 (25 weeks). The 
relationship was found to likely be linear during the 
study period and was adjusted for other variables 
related to COVID‐19 (population, proportion of 
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nonwhite residents, median household income, 
proportion of residents in public‐facing occupations). 
The final adjusted linear model showed the 
relationship was significant, with every percent 
increase in population vaccinated resulting in 3 fewer 
weekly COVID‐19 cases (β ‐3.74, p<0.001). Locations 
with higher proportions of nonwhite residents were 
also likely to experience lower weekly incidence of 
COVID‐19 after adjusted for other variables (β ‐1.48, 
p=0.037).  


32  Greene, Sharon et 
al  
(July 5,2021) 


USA   Regression 
discontinuity  


1,101,467 65‐84‐year‐
old NYC residents  


 


Unknown   BNT162b2 and  
mRNA‐1273 


A regression discontinuity study comparing the rate of 
hospitalization and deaths among 65‐84 year‐olds 
during an 8‐week post‐implementation phase of SARS‐
CoV‐2 vaccines in New York City with the pre‐
implementation period, controlling for the epidemic 
trend among 45‐64‐year‐olds, a group without 
concurrent age‐based vaccine eligibility. It is observed 
that hospitalization rates among 65‐84 year‐olds 
during the post‐implementation period had a 
statistically significant decrease as compared to the 
pre‐implementation period with a RR of 0.85(95% CI 
0.74‐0.97). Similar decrease in death rates was 
observed during the post‐implementation period but 
this finding was not statistically significant (RR 0.85, 
95% CI: 0.66–1.10, P = 0.22). 


31  Victora et al  
(July 15,2021) 
[Update to June 19 
preprint] 


Brazil   Ecologic   Brazilian population   Gamma  AZD1222 and 
CoronaVac  


Calculated proportionate mortality of COVID‐19 deaths 
at ages 70‐79 and 80+ and COVID‐19 age‐specific 
mortality rates using Brazilian Ministry of Health data 
from January 3‐ May 15, 2021 in a setting of 
predominant Gamma variant transmission. The 
proportion of all COVID‐19 deaths for ages 80+ years in 
weeks 1‐6 was 25% which subsequently reduced to 
12.4% in week 19 following the vaccination program. 
For individuals aged 70‐79 years, the proportionate 
mortality showed a substantial decline in April‐May.  
The mortality rate ratio for persons aged 80+ relative 
to those aged 0‐69 reduced from 13.3 in January to 8.0 
in week 19, and a gradual decline in the rate ratios was 
observed for ages 70‐79 from 13.8 in week 1 to 5.0 in 
week 19.  


30  Jacobson et al (June 
17,2021) 


USA   Retrospective cohort   Healthcare workers   Alpha, 
Epsilon 


BNT162b2 and  
mRNA‐1273 


A retrospective report of 660 SARS‐Cov‐2 cases 
detected by PCR test among HCW at a single‐site 
medical center. Described proportions of cases and 
compared mutation prevalence among unvaccinated, 
early post‐vaccinated (≤14 days after dose 1), partially 
vaccinated (>14 days after dose 1 and ≤14 days after 
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dose 2), and fully vaccinated (>14 days after dose 2). 
189 of 660 cases detected were post‐vaccine SARS‐
CoV‐2 cases (PVSC, defined as occurring in those who 
had received at least one dose of vaccine). 60.3% of 
the 189 PVSCs occurred early post‐vaccination, 25.9% 
were among partially vaccinated individuals, and 
13.8% were among those fully vaccinated.  Incidence 
of the L452R mutation (presumed to indicate the 
Epsilon variant) did not vary by vaccination status. 


29  Christie et al (June 
7, 2021) 


USA  Impact  US population   Unknown  Unspecified ( 
BNT162b2, mRNA‐
1273 


Calculated rates of COVID‐19 cases, emergency 
department (ED) visits, hospital admissions, and 
deaths by age group during November 29–December 
12, 2020 (pre‐vaccine) and April 18–May 1, 2021. The 
rate ratios comparing the oldest age groups (≥70 years 
for hospital admissions; ≥65 years for other measures) 
with adults aged 18–49 years were 40%, 59%, 65%, 
and 66% lower, respectively, in the latter period 


28  Guijarro et al (June 
28, 2021) 
[Update to Jun  3  
preprint] 


Spain  Impact  HCW compared to 
community 


Unknown  BNT162b2  Incidence rates of SARS‐CoV‐2 infection after the first 
dose of mRNA SARS‐CoV‐2 vaccine declined by 71% 
(Incidence Rate Ratio (IRR) 0.286 , 95% confidence 
interval (CI) 0.174‐0.468) and by 97% (IRR 0.03 95% CI 
0.013‐0.068,) after the second dose as compared to 
the perivaccine time. SARS‐CoV‐2 incidence rates in 
the community (with a negligible vaccination rate) had 
a much lower decline: 2% (IRR 0.984; 95% CI 0.943‐
1.028) and 61% (IRR 0.390, 95% CI 0.375‐0.406) for 
equivalent periods. Adjusting for the decline in the 
community, the reduction in the incident rates among 
HCW were 73% (IRR 0.272; 95% CI 0.164‐0.451) after 
the first dose of the vaccine and 92 % (IRR 0.176, 95% 
CI 0.033‐0.174;) after the second dose.  


27  Sansone et al (May 
13, 2021) 


Italy  Impact  HCW  Alpha  BNT162b2  Community cases increased during the study period 
while cases in vaccinated HCWs only minimally 
increased and then stabilized. 


26  White et al. 
(May 19, 2021) 


USA  Impact  LTCF  Unknown  BNT162b2 and  
mRNA‐1273 


Evaluated an administrative database of a large LTCF 
company across USA. Evaluated 21,815 persons, .  80% 
Pfizer+20% Moderna; 60% 2 dose +24% 1 dose.  
Disease incidence goes down in 
vaccinated/unvaccinated.  


25  Munitz et al  
(May 18, 2021)  


Israel   Ecologic   Israeli Population   Alpha   BNT162b2  Evaluated the transmission dynamics of B.1.1.7(Alpha) 
variant and to study the impact of the national 
vaccination program on the general population and 
the elderly. The study analysed 292,268 RT‐PCR 
samples collected from December 6,2020 to February 
10,2021.  In the first week of February, B.1.1.7 variant 
was the predominant variant identified in more than 
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90% of the positive tests. The B.1.1.7 variant was 1.45 
more transmissible than the wild‐type strain (95% 
confidence interval [CI]: 1.20–1.60). The effective 
reproduction number for B.1.1.7 was estimated to be 
1.71 (95% CI: 1.59– 1.85) compared with 1.12 (95% CI: 
1.10–1.15) observed for the wild‐type. To evaluate the 
impact of preventive policies against the B.1.1.7 
variant, the authors stratified the distribution of new 
COVID‐19 cases in different age groups. It was 
observed that an increase in the incidence of the 
variant was noted in the 60+ years aged group through 
January 13,2021, following which the incidence 
plateaued and subsequently declined, which coincided 
with the rapid uptake of vaccine in this age group. 


24  Domi et al  
(May 6,2021) 


USA  Impact  LTCF  unknown  BNT162b2  Evaluated data from 2501 nursing homes in the US in 
17 states.  Used zero‐inflated negative binomial mixed 
effects regressions to model the associations of time 
since the vaccine clinic ending the week of December 
27, 2020 (cohort 1), January 3, 2021 (cohort 2) or 
January 10, 2021 (cohort 3) controlling for county rate 
of COVID‐19, bed size, urban location, racial and ethnic 
census, and level of registered nurses with resident 
cases and deaths of COVID‐19 and staff cases of 
COVID‐19. Resident and staff cases trended downward 
in all three cohorts following the vaccine clinics. Time 
following the first clinic at five and six weeks was 
consistently associated with fewer resident cases (IRR: 
0.68 [95% CI: 0.54‐0.84], IRR: 0.64 [95% CI: 0.48‐0.86], 
respectively); resident deaths (IRR: 0.59 [95% CI: 0.45‐
0.77], IRR: 0.45 [95% CI: 0.31‐0.65], respectively); and 
staff cases (IRR: 0.64 [95% CI: 0.56‐0.73], IRR: 0.51 
[95% CI: 0.42‐0.62], respectively). Other factors 
associated with fewer resident and staff cases included 
facilities with less than 50 certified beds and high 
nurse staffing per resident day (>0.987). Contrary to 
prior research, higher Hispanic non‐white resident 
census was associated with fewer resident cases (IRR: 
0.42, 95% CI: 0.31‐0.56) and deaths (IRR: 0.18, 95% CI: 
0.12‐0.27). 


23  Haas et al.  
(May 13, 2021) 


Israel  Impact  Israeli population  Alpha¶  BNT162b2  Used national surveillance data from the first 112 days 
(Dec 20, 2020 ‒ Apr 10, 2021) of Israel’s vaccination 
campaign to estimate averted burden of four 
outcomes: SARS‐CoV‐2 infections and COVID‐19‐
related hospitalizations, severe or critical 
hospitalizations, and deaths. Estimated that Israel’s 
vaccination campaign averted 158,665 (95% CI: 
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115,899‒201,431) SARS‐CoV‐2 infections, 24,597 
(6,622‒42,571) hospitalizations, 17,432 (3,065‒
31,799) severe and critical hospitalizations, and 5,533 
(‐1,146‒12,213) deaths. Of these, 66% of 
hospitalizations and 91% of deaths averted were 
among those ≥65 years of age. 73% of SARS‐CoV‐2 
infections and 79% of COVID‐19‐related 
hospitalizations and deaths averted stemmed from the 
protective effects in fully vaccinated persons.  


22  Rana et al. 
(May 11, 2021) 


Bangladesh  Cross‐sectional  11 districts in 
Bangladesh 


Unknown  AZD1222  Cross‐sectional study in 11 districts in Bangladesh. 
Offered voluntary testing. A total of 6146 suspected 
samples were tested and 1752 were found positive for 
SARS‐CoV‐2. Of the positives, 200 individuals had 
received a first dose of AZ. Among the vaccinated 
cases, 165 (82.5%) did not require hospitalization and 
177 (88.5%) did not have respiratory difficulties.  


21  Garvey et al.* 
(Apr 28, 2021)  


UK  ecologic  University Hospitals 
Birmingham (UHB) 
HCWs  


Alpha£  BNT162b2  An occupational health database of all COVID‐19 
positive HCWs was interrogated against an informatics 
search of all vaccinated HCWs.   A multivariate logistic 
regression model found that being vaccinated was 
associated with a decreased probability of testing 
positive (p = 1.40 × 10−10, odds ratio 2.35, 95% CI: 1.81‐
3.05). The model also found that the probability of 
testing positive decreases as the gap between 
vaccination and testing increases (p = 0.00607). A 
weighted cox regression demonstrated that 
vaccination was associated with a significantly lower 
hazard of testing positive during the time period in 
question (p < 0.0001). This model gave a generalized 
concordance probability of 0.24 (95% CI: 0.20, 0.28), 
meaning that a HCW who had been vaccinated had 
only a 24% probability of testing positive before an 
equivalent unvaccinated HCW. 


20  Ackland et al. 


(Apr 22, 2021) 


UK  ecologic  UK adults   Alpha^  BNT162b2, mRNA‐


1273, AZD1222 


Used national data on cases and deaths to estimate 


CFR. Found that from the second half of January, the 


CFRs for older age groups show a marked decline. 


Since the fraction of the VOC has not decreased, this 


decline is likely to be the result of the rollout of 


vaccination. 


19  Lillie et al.* 
(Apr 24, 2021) 


UK  ecologic  Healthcare workers  Alpha^  BNT162b2  Symptomatic staff underwent routine testing together 
with routine (asymptomatic) Lateral Flow Device (LFD) 
testing of all clinical staff.  Starting Jan 2021 827 (8.3%) 
of staff had received their first dose of vaccine, 
increasing to 8243 (82.5%) by the end of February. 
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Cases of SARS‐CoV‐2 amongst staff reduced from 120 
cases to 10 cases over the same period.  


18  Rossman et al.* 


(Apr 19, 2021) 


Update to Feb 9 
preprint) 


Israel  Impact  Israeli population  Alpha^  BNT162b2  Analysis of data from the Israeli Ministry of Health 


collected between 28 August 2020 and 24 February 


2021. Compared: (1) individuals aged 60 years and 


older prioritized to receive the vaccine first versus 


younger age groups; (2) the January lockdown versus 


the September lockdown; and (3) early‐vaccinated 


versus late‐vaccinated cities. A larger and earlier 


decrease in COVID‐19 cases and hospitalization was 


observed in individuals older than 60 years, followed 


by younger age groups, by the order of vaccination 


prioritization. This pattern was not observed in the 


previous lockdown and was more pronounced in early‐


vaccinated cities. 


17  Mor et al.  
(Apr 16, 2021) 


USA  Impact   80 nursing homes 
located across 21 
states. 


unknown  BNT162b2 & 
mRNA‐1273 


Matched pairs analysis of 280 nursing homes in 21 
states owned and operated by the largest long‐term 
care provider in the United States. Compared data 
from nursing homes that had their initial vaccine 
clinics between December 18, 2020 and January 2, 
2021, versus between January 3, 2021 and January 18, 
2021.  Outcomes were incident SARS‐CoV‐2 infections 
per 100 at‐risk residents per week and hospital 
transfers and/or deaths per 100 residents with 
confirmed SARS‐CoV‐2 infection per day, averaged 
over a week. Adjusted for facility infection rates in the 
fall. After 1 week, early vaccinated facilities had a 
predicted 2.5 fewer incident SARS‐CoV‐2 infections per 
100 at‐risk residents per week (95% CI: 1.2–4.0). 


16  Faria et al. 
(Apr 15, 2021)  


Brazil   Impact (model)  HCWs in Sao Paulo  Gamma^  CoronaVac  HCWs in Hospital das Clinicas received vaccine before 
the general population of Sao Paulo. Using a period 
before vaccination, a Poisson regression was fit to 
model expected COVID‐19 cases among HCWs based 
on the number of cases in Sao Paulo. Study then 
compared the expected number of cases among HCWs 
after vaccination (based on the model) to the observed 
numbers of cases in HCWs. The estimated 
effectiveness 2 and 3 weeks after the 2nd dose was 
50.7% and 51.8%, respectively, and increased over the 
next 2 weeks.  


15  PHE 
(Apr 8, 2021) 


UK  Impact  UK adults   Alpha^  BNT162b2 & 
mRNA‐1273 


Daily impact of vaccination on deaths was estimated 
based on vaccine effectiveness against mortality 
multiplied by vaccine coverage. Observed deaths were 
then divided by the impact to estimate the expected 
deaths in the absence of vaccination. By the end of 
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March 2021, they estimated that 9,100 deaths were 
averted in individuals aged 80 years and older, 1,200 in 
individuals aged 70 to 79, and 100 in individuals aged 
60 to 69 years giving a total of 10,400 deaths averted 
in individuals aged 60 years or older. 


14  Jones et al.  
(Apr 8, 2021) 


UK  Ecologic  Cambridge University 
healthcare workers 


Alpha^  BNT162b2  Screened vaccinated and unvaccinated HCWs for two 
weeks then compared proportion of positive tests in 
unvaccinated vs. vaccinated groups. Found four‐fold 
decrease in risk of asymptomatic SARS‐Cov‐2 infection 
among HCWs ≥12 days post‐vaccination compared to 
unvaccinated HCWs.  


13  Rivkees et al. 
(Apr 7, 2021) 


US ‐ FL  Ecologic  Florida population  original and 


Alpha¥ 


BNT162b2 & 
mRNA‐1273 


Ecologic analysis of vaccinations in Florida. Through 
March 15, 2021, 4,338,099 individuals received COVID‐
19 vaccine, including 2,431,540 individuals who 
completed their vaccination series. Of all those 
vaccinated, 70% were 65 years of age and older, and 
63% of those 65 years of age and older. Beginning 
February 1, 2021, the decline in the number of new 
cases per week became greater in those 65 years of 
age and older than those younger. By March 15, 2021, 
the number of new cases, hospitalizations, and deaths 
per day for those 65 years of age and older relative to 
mid‐January, were 82%, 80%, and 92% lower 
respectively. In comparison, the number of new cases, 
hospitalizations, and deaths per day for those younger 
than 65 years of age were 70%, 60%, and 87% lower 
respectively. Reductions in rates in those 65 year of 
age and older, were thus greater than in those who 
were younger (p‐value <0.01, Wilcoxon test).  


12  Hollinghurst et al.  
(Mar 24, 2021) 


UK—Wales   Cohort (but no 
control) 


14,501 vaccinated 
older adult residents in 
a Wales care home 


original and 


Alpha£ 


BNT162b2 & 
AZD1222 


Observational data‐linkage using electronic health 
records and administrative data. Developed a Cox 
proportional hazards models to estimate hazard ratios 
for the risk of testing positive for SARS‐CoV‐2 infection 
following vaccination. Outcome of interest was the 
time to a positive SARS‐CoV‐2 PCR test following 
vaccination. Kaplan‐Meier curve and empirical 
cumulative distribution function suggest a susceptible 
period of vaccinated individuals up to 42 days, with 
approximately 40% of individuals having a positive PCR 
test within 7 days, 60% within 14‐days, 85% within 21‐
days, 90% within 28‐days, and over 95% within 35‐
days. 


11  Milman et al. 
(Jun 11, 2021) 
[Update to Mar 23 
preprint] 


Israel  Ecologic   Maccabi Healthcare 
Services, 644,609 
individuals in 177 
communities 


original & 
Alpha¶ 


BNT162b2   Rates of vaccination in each community are highly 
correlated with a later decline in infections among a 
cohort of under 16 years old which are unvaccinated. 
These results provide observational evidence that 
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vaccination not only protects individual vaccinees but 
also provides cross‐protection to unvaccinated 
individuals in 
the community. 


10  Keehner et al. 
(Mar 23, 2021) 


US ‐ CA  Ecologic   Healthcare workers in 
the UCLA and UCSD 
systems 


original¥   BNT162b2 &  
mRNA‐1273 


Among the vaccinated health care workers, 379 people 
tested positive for SARS‐CoV‐2 at least 1 day after 
vaccination, and the majority (71%) of these persons 
tested positive within the first 2 weeks after the first 
dose.  


9  Daniel et al. (Mar 
23, 2021) 


US ‐ TX  Ecologic  Healthcare workers 
from the UTSW 


original¥  BNT162b2 &  
mRNA‐1273 


After vaccination, they observed a greater than 90% 
decrease in the number of employees who are either 
in isolation or quarantine. 


8  Benenson et al. 
(Mar 23, 2021) 


Israel  Ecologic  Healthcare workers at 
Hadassah Hebrew 
University Medical 
Center 


Alpha^  BNT162b2  Among vaccinated workers, the weekly incidence of 
COVID‐19 since the first dose declined notably after 
the second week; the incidence of infection continued 
to decrease dramatically and then remained low after 
the fourth week. 


7  Roghani 
(Mar 17, 2021) 


US – TN  Ecologic  Residents of Tennessee  original¥  BNT162b2 &  
mRNA‐1273 


Between 12/17/20 and 3/3/21 found that the daily 
incidence among the entire population over 71 
dropped from 0.1% to 0.01% of the age group (90% 
reduction) while for younger ages incidence dropped 
from 0.2% to 0.05% (75% reduction). 


6  Puranik et al.  
(March 8, 2021) 


US  Ecologic  87 million individuals 
from 580 counties in 
the United States 


original¥  BNT162b2 & 
mRNA‐1273  


Compares the cumulative county‐level vaccination 
rates with the corresponding COVID‐19 incidence rates 
among 87 million individuals from 580 counties in the 
United States, including 12 million individuals who 
have received at least one vaccine dose. Found that 
cumulative county‐level vaccination rate through 
March 1, 2021 is significantly associated with a 
concomitant decline in COVID‐19, with stronger 
negative correlations in the Midwestern counties and 
Southern counties. 


5  Rinott et al (March 
8, 2021) 


Israel  Ecologic  Persons needing 
ventilation 


Orginal & 
alpha 


BNT162b2  The number of COVID‐19 patients aged ≥70 years (who 
had the highest 2‐dose vaccination coverage, 84.3%) 
requiring mechanical ventilation was compared with 
that of patients aged <50 years, who had the lowest 2‐
dose vaccination coverage (9.9%). Since 
implementation of the second dose of the vaccination 
campaign, the ratio of COVID‐19 patients requiring 
mechanical ventilation aged ≥70 years to those aged 
<50 years has declined 67%, from 5.8:1 during 
October–December 2020 to 1.9:1 in February 2021. 


4  De‐Leon et al. 
(Feb 8, 2021) 


Israel  Ecologic Modeling  Israel population over 
60 years old 


original & 


Alpha¶ 


BNT162b2  Looked at whether the high vaccine coverage among 
individuals aged over 60 years old creates an 
observable change in disease dynamics using real and 
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#Includes studies published/posted up through Wednesday of current week.   
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS‐CoV‐2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID‐19) Infection Survey, UK ‐ Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location‐reports  


 


5.  Review Papers and Meta‐analyses 
 


1.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf 
2.  https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2 
3.  https://www.eurosurveillance.org/content/10.2807/1560‐7917.ES.2021.26.28.2100563 


 


simulated data.  Based on model, vaccine is at least 
50% effective. 


3  CHPE‐LTC 
(Feb 10, 2021) 


US ‐ 
national 


Ecologic  Residents of long term 
care facilities that 
received vaccine 
through the federal 
pharmacy partnership. 


original¥  BNT162b2 &  
mRNA‐1273 


Three weeks after the first vaccine clinic the rates of 
new COVID‐19 infection dropped more in the 797 SNFs 
that held vaccine clinic compared to those that did not 
in the same county (48% vs 21%, respectively). 


2  Dunbar et al. 
(Feb 10, 2021) 


US ‐ VA  Ecologic  Healthcare workers in 
an academic hospital 


original¥  BNT162b2 &  
mRNA‐1273 


After 60% of employees received the 1st vaccine dose, 
the HCW COVID‐19 infection rate decreased by 50%. 
HCWs who were 14‐28 days and > 28 days post‐first 
vaccine dose were less likely COVID‐19 infected than 
non‐vaccine recipients. 


1  Domi et al. 
(Feb 4, 2021)  


US  Ecologic   LTCF residents and 
staff 


original¥  BNT162b2 & 
mRNA‐1273 


Used CMS NHSN Public File data and Tiberius data and 
created an analytic cohort based on the schedule of 
the vaccination clinics taking place during the first 
week of the program (12/18/20 to 12/27/20). Created 
a comparison group, composed of facilities located in 
the same county that did not have a first vaccination 
clinic during that period. Found that COVID‐19 cases 
decreased at a faster rate among both residents and 
staff associated with nursing homes that had 
completed their first clinic. Vaccinated nursing homes 
experienced a 48% decline in new resident cases three 
weeks after the first clinic, compared to a 21% decline 
among non‐vaccinated nursing homes located in the 
same county. Similarly, new staff cases declined by 
33% in vaccinated nursing homes compared to 18% in 
non‐vaccinated facilities. 
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Please direct any questions about content to:  


 Anurima Baidya (abaidya1@jh.edu)  


 Karoline Walter (kwalte21@jhmi.edu) 
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Standardized COVID-19 K-12 School Surveillance 
Guidance for Classification of Clusters and Outbreaks 
 


Version 1: August 6, 2021 
 
 
Background and Justification 
National surveillance of K–12 school-associated COVID-19 cases has been impeded by the lack of a 
nation-wide standardized surveillance system and by varying state and territorial policies for data 
collection and reporting. Currently, there are no national estimates of K–12 school-associated COVID-19 
events among students, teachers, and staff, preventing the characterization of the COVID-19 burden in 
the school setting. A report by the National Governors Association (NGA) found that beyond long-term 
care settings, there are 18 states reporting other setting-specific outbreak data, including school-
associated outbreaks, on their websites.1 This report found states were more likely to report setting-
specific outbreaks if they had a defined threshold for confirmed outbreaks in at least one setting or 
venue (beyond long-term care facilities) and reported the information regularly.1 Additionally, a web-
scraping activity conducted by the Centers for Disease Control and Prevention (CDC) during December 
2020 reviewed every state-based, public-facing website for K–12 COVID-19-related information, finding 
that one-third of U.S. states provided publicly available K–12 data. School-associated COVID-19 
surveillance coverage by states and territories that do not publish these data on public-facing websites is 
currently unknown.  
 
To better understand the current state of COVID-19 school surveillance data across state, territorial, 
local and tribal jurisdictions and to work towards more comprehensive and comparable surveillance 
solutions, CDC conducted a National Data Call from February—March 2021. An objective of the data call 
was to compile the various school-associated COVID-19 cluster and outbreak definitions being utilized 
by jurisdictions. The definitions for school-associated COVID-19 cases and clusters varied widely across 
jurisdictions with the number of confirmed COVID-19 cases required to classify a school-associated 
cluster or outbreak ranging from two to 15. Additionally, qualitative data from the call indicated that 
jurisdictions would benefit from guidance on standardized definitions for school-associated COVID-19 
surveillance.  
 
 
Purpose 
The purpose of this document is to provide standardized definitions for K-12 school-associated COVID-
19 cases, transmission, clusters, and outbreaks for jurisdictional use.  
 
 
 
 



https://www.nga.org/wp-content/uploads/2021/01/NGA_Covid-19-Outbreaks_State-Reporting.pdf

https://www.nga.org/wp-content/uploads/2021/01/NGA_Covid-19-Outbreaks_State-Reporting.pdf





* A “core group” includes but is not limited to extracurricular activity†, cohort group, classroom, before/after school care, etc.)  
† A school sanctioned extracurricular activity is defined as a voluntary activity sponsored by the school or local education 


agency (LEA) or an organization sanctioned by the LEA. Extracurricular activities include, but are not limited to, preparation 
for and involvement in public performances, contests, athletic competitions, demonstrations, displays, and club activities.   


§  For onset, use symptom onset date whenever available. If symptom onset date is unknown or if a case is asymptomatic, use 
specimen collection date for the first specimen that tested positive. The 14-day period refers to 14 days before the date of 
first symptom onset or first positive test sample. 


 


 


Goals of COVID-19 School Surveillance 
Surveillance of school-associated COVID-19 cases, clusters, and outbreaks is necessary to characterize 
the epidemiology of the disease in the school setting, to measure the burden of disease in the school 
setting, and to inform public health action, including monitoring the impact of vaccination. 


Statement of the desired action(s) to be taken 


Jurisdictions may utilize these definitions to identify school-associated COVID-19 cases, clusters, and 
outbreaks and make public health recommendations for school data collection and reporting.  
CSTE recommends the following actions: 


1. Implement a standardized surveillance case definition for school-associated COVID-19. 
a. Utilize standardized criteria for case ascertainment for school-associated COVID-19 


cases. 
b. Utilize standardized criteria for cluster ascertainment for school-associated COVID-19 


clusters. 
c. Utilize standardized criteria for outbreak ascertainment for school-associated COVID-19 


outbreaks. 


 
Standardized K-12 school-associated classification:  
 
K-12 school-associated:  COVID-19 case (confirmed or probable) who is a student, teacher, or staff 
member physically present in the school setting or participated in a school sanctioned extracurricular† 
activity  


a. Within 14 days prior to illness onset or a positive test result OR  
b. Within 10 days after illness onset or a positive test result  


 
Standardized K-12 school-transmission definition  
 
A subset of school-associated cases where the most likely place of exposure is determined to be the 
school setting or a school-sanctioned extracurricular activity.  
 
Standardized K-12 school-associated cluster description:  
 
Multiple cases comprising at least 10% of students, teachers, or staff within a specified core group* OR 
at least three (3) within a specified core group* meeting criteria for a school-associated COVID-19 case; 
with symptom onset or positive test result within 14 days of each other§, AND NO likely known 
epidemiologic link to a case outside of the school setting.  



https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/ps2021/21-ID-01_COVID-19.pdf





* A “core group” includes but is not limited to extracurricular activity†, cohort group, classroom, before/after school care, etc.)  
† A school sanctioned extracurricular activity is defined as a voluntary activity sponsored by the school or local education 


agency (LEA) or an organization sanctioned by the LEA. Extracurricular activities include, but are not limited to, preparation 
for and involvement in public performances, contests, athletic competitions, demonstrations, displays, and club activities.   


§  For onset, use symptom onset date whenever available. If symptom onset date is unknown or if a case is asymptomatic, use 
specimen collection date for the first specimen that tested positive. The 14-day period refers to 14 days before the date of 
first symptom onset or first positive test sample. 


 


 


Standardized K-12 school-associated outbreak description:   
 
Multiple cases comprising at least 10% of students, teachers, or staff,  within a specified core group* OR 
at least three (3) cases within a specified core group* meeting criteria for a probable or confirmed 
school-associated COVID-19 case with symptom onset or positive test result within 14 days of each 
other§; who were not identified as close contacts of each other in another setting (i.e. household) 
outside of the school setting; AND epidemiologically linked in the school setting or a school-sanctioned 
extracurricular activity.  
 
 
Potential levels of transmission based on CDC Community Transmission Risk Guidance 



https://www.cdc.gov/coronavirus/2019-ncov/downloads/community/schools-childcare/indicators-thresholds-table.pdf
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Rezwana Uddin





 





 STLT Policy & Public Health Partnerships 





State, Tribal, Local, and Territorial Support Task Force (STLT TF) 





COVID-19 Response 





Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS H21-5, Atlanta, GA 30349-4027





EOCevent424@cdc.gov
  





 





August 9, 2021  





 





CDC Resources   





Community





*	New CDC-Funded Pilot Program in Georgia Uses Public Art to Increase Confidence in COVID-19 Vaccination: To help build confidence in and increase demand for COVID-19 vaccination, CDC is partnering with the Georgia Department of Public Health (DPH) and several other organizations on an innovative community initiative leveraging local artists as trusted vaccine messengers.


*	Families with Vaccinated and Unvaccinated Members: Updated guidance for families protecting unvaccinated members, those who have a condition or are taking medications that weaken their immune system, and choosing safer activities for the family.





Science and Data 





*	Delta Variant: What we Know about the Science: On July 27, 2021, CDC released updated guidance on the need for urgently increasing COVID-19 vaccination coverage and a recommendation for everyone in areas of substantial or high transmission to wear a mask in public indoor places, even if they are fully vaccinated. CDC issued this new guidance due to several concerning developments and newly emerging data signals.


*	CDC Diagnostic Tests for COVID-19: CDC Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay permits public health laboratories to run three tests in a single reaction. The Flu SC2 Multiplex is more efficient in its use of test reagents, allows higher throughput, and simultaneously gives accurate results about the presence of SARS-CoV-2, influenza A, and influenza B nucleic acid in a patient specimen. 


*	CDC Science Agenda for COVID-19: CDC has updated a guide intended to strengthen the public health actions, guidance, and policy essential to limit the spread and impact of SARS-CoV-2 and ultimately end the COVID-19 pandemic.


*	COVID Data Tracker Recent Updates - 2021-08-05 - The Vaccination Among People with Disabilities tab displays information on the number of vaccinated adults with disabilities in the United States: CDC reports findings from a Household Pulse Survey of adults aged ≥18 years led by the U.S. Census Bureau, in partnership with multiple other federal statistical agencies, to measure household experiences during the COVID-19 pandemic.


*	COVID-19 and Animals: Updated guidance on understanding the risk of animals spreading SARS-CoV-2, the virus that causes COVID-19, to people as well as spread from people to animals.





Work and School





*	Guidance for COVID-19 Prevention in Kindergarten (K)-12 Schools: CDC has updated guidance for K-12 schools to recommend universal indoor masking and testing for fully vaccinated people in situations of known recent exposure to COVID-19.


*	Interim Guidance for Case Investigation and Contact Tracing in K-12 Schools: CDC has updated guidance for K-12 schools and institutions of higher education, including considerations for people fully vaccinated against COVID-19 and situations when K–12 students are not considered close contacts.


*	What to do if a Student Becomes Sick at School or Reports a New COVID-19 Diagnosis Flowchart: CDC shares guidance for situations when students show signs of infectious illness consistent with COVID-19, or confirmation of negative and/or positive COVID-19 test results.





 





Upcoming Meetings





*	Clinical Laboratory COVID-19 Response Calls: Monday, August 9th, 3:00-4:00 PM ET, CDC’s Division of Laboratory Systems hosts a biweekly call to discuss hot topics and to solicit the laboratory community’s questions about the national response to the COVID-19 pandemic. To attends this call on August 9th, please click here and enter the following password: 048861a! To submit a question for consideration, email DLSinquiries@cdc.gov. For additional information, please contact LOCS@cdc.gov.


*	Understanding the Role of School Nurses in Supporting School Safety Before, During, and After an Emergency: Tuesday, August 10th, 2:00-3:00 PM ET, the U.S. Department of Education (DOE), in partnership with multiple other educational agencies, will host a webinar with the National Association of School Nurses to highlight and discuss the role school nurses have in supporting overall school safety, security, emergency management, and preparedness before, during, and after an emergency. If you would like to register for this event, please click here.


*	COCA Call: Therapeutic Options to Prevent Severe COVID-19 in Immunocompromised People: Thursday, August 12th, from 2:00-3:00 PM ET. The Clinician Outreach and Communication Activity (COCA) will hold a call to discuss the FDA’s role in issuing Emergency Use Authorizations for certain monoclonal antibodies, options for compassionate use, the process for ordering and distributing monoclonal antibodies, and current data on using monoclonal antibodies for both non-hospitalized and immunocompromised patients. Click here for event details. 


*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 16th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. If you would like to register for this event, please click here. 





 





Additional Resources





*	CSTE's Standardized COVID-19 K-12 School Surveillance Guidance for Classification of Clusters and Outbreaks: In an effort to standardize and better understand the impact of COVID-19 in the K-12 school setting, the Council of State and Territorial Epidemiologists (CSTE) and CDC have developed standardized surveillance definitions for classification of K-12 school-associated COVID-19 cases, transmission, clusters and outbreaks. Utilization of standardized surveillance definitions is necessary to characterize the epidemiology of COVID-19, measure the burden of disease, and inform public health action in the school setting.


*	Back to School Toolkit | WECANDOTHIS.HHS.GOV


*	Guide to On-Site Vaccination Clinic for Schools | WECANDOTHIS.HHS.GOV


*	Beyond School Supplies: Back to School Reminders & Readiness


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -  Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   
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HHS COVID-19 Update - 8/9

		From

		HHS IEA (OS/IEA)

		To

		HHS IEA (OS/IEA)

		Recipients

		HHSIEA@hhs.gov



Dear Partner:


 


HHS Office of Intergovernmental and External Affairs COVID-19 update for August 9, 2021:


 


Case Update 


 


New Cases (based on 7-day rolling average)





	


*	35,824,258 US cases


*	31.7% increase in new cases (7-day average), as of August 6th; (was 44% increase last week)





Testing





	


*	496,218,514 tests completed (8/6)


*	10.1% positive test rate as of the week of 7/30 – 8/5 (was 8.9% last week)





Hospitalizations





	


*	2,463,627 total COVID hospital admissions





*	The 7-day average (7/31 – 8/6) number of new confirmed COVID-19 admissions increased from 6,244 to 8,506 admissions per day





Deaths





	


*	614,291 total US deaths


*	The 7-day average (7/31 – 8/6) number of reported deaths increased from 308 to 455 deaths per day





Vaccines





	


*	351,933,175 vaccine doses administered (8/9)


*	58.8% of the population (195.2 million people) has received at least one dose and 50.2% of the population (166.7 million people) is fully vaccinated


*	71.1% of adults 18 years and older have received at least 1 dose and 61.1% are fully vaccinated





 


Vaccine Updates


 


Statement by President Joe Biden on COVID-19 Vaccines for Service Members: President Joe Biden gave the following remarks in response to Secretary Austin’s message to the Force today on the Department of Defense’s Plan to add the COVID-19 vaccine to the list of required vaccinations for service members no later than mid-September: “Secretary Austin and I share an unshakable commitment to making sure our troops have every tool they need to do their jobs as safely as possible. These vaccines will save lives. Period. They are safe. They are effective. Over 350 million shots have been given in the United States alone. Being vaccinated will enable our service members to stay healthy, to better protect their families, and to ensure that our force is ready to operate anywhere in the world. We cannot let up in the fight against COVID-19, especially with the Delta variant spreading rapidly through unvaccinated populations. We are still on a wartime footing, and every American who is eligible should take immediate steps to get vaccinated right away. I am proud that our military women and men will continue to help lead the charge in the fight against this pandemic, as they so often do, by setting the example of keeping their fellow Americans safe.” 


 


AstraZeneca COVID-19 Vaccine for Use of Potential Export: FDA announced that it has found certain lots of AstraZeneca COVID-19 vaccine drug substance manufactured at the Emergent facility in Baltimore, Maryland, to be acceptable for use for potential export. The AstraZeneca vaccine is not authorized for use in the U.S., but FDA understands that these AstraZeneca lots, or vaccine made from the lots, will now be exported for use. The agency conducted a thorough review of facility records and the results of quality testing performed by the manufacturer and reached its decision based on this review, taking into consideration the current worldwide COVID-19 public health emergency.


 


New CDC-Funded Pilot Program in Georgia Uses Public Art to Increase Confidence in COVID-19 Vaccination: To help build confidence in and increase demand for COVID-19 vaccination, Centers for Disease Control and Prevention (CDC) is partnering with the Georgia Department of Public Health (DPH) and several other organizations on an innovative community initiative leveraging local artists as trusted vaccine messengers. The COVID-19 Georgia Arts pilot is a unique collaboration between CDC, the David J. Sencer CDC Museum, DPH, Community Organized Relief Effort (CORE) Georgia, and two local arts organizations – Dashboard and Living Walls – to increase vaccine uptake through public art.


 


COVID-19 Data Tracker Weekly Review: On Friday, the CDC released their COVID-19 data tracker weekly review. CDC updated their data on reported cases, SARS-CoV-2 variants, testing, vaccinations, hospitalizations, and deaths. CDC also posted recent CDC COVID-19 publications. Most U.S. states and jurisdictions are experiencing substantial or high levels of community transmission fueled by the spread of the highly contagious B.1.617.2 (Delta) variant. COVID-19 cases, hospitalizations, and deaths continue to increase, especially in communities with lower vaccination coverage. While the number of people getting vaccinated also continues to increase, many people remain unsure about getting vaccinated, and others do not plan to do so.


 


Testing and Treatment


 


Understanding Variants: Viruses constantly change through mutation, and new variants of a virus are expected to occur. Sometimes new variants emerge and disappear. Other times, new variants persist. Multiple variants of COVID-19 have emerged in the United States. At this point, the original variant that caused the initial COVID-19 cases in January 2020 is no longer circulating as newer variants have increased. View CDC’s video on what you need to know about variants. See specific information on the Delta Variant. 


 


FDA Testing updates: As of last week, 399 tests and sample collection devices are authorized by the FDA under emergency use authorizations (EUAs). These include 279 molecular tests and sample collection devices, 87 antibody and other immune response tests and 33 antigen tests. There are 53 molecular authorizations and one antibody authorization that can be used with home-collected samples. There is one molecular prescription at-home test, three antigen prescription at-home tests, six antigen over-the-counter (OTC) at-home tests and two molecular OTC at-home tests. The FDA has authorized 13 antigen tests and eight molecular tests for serial screening programs. The FDA has also authorized 596 revisions to EUA authorizations.


 


Funding


 


SAMHSA Awards $17.8 Million in COVID-19 Funds for Suicide Prevention: The Substance Abuse and Mental Health Services Administration (SAMHSA) has released 26 grant awards totaling $17.8 million to help communities prevent suicide during the COVID-19 pandemic. The Emergency Response for Suicide Prevention Grants program helps states, tribes and communities advance efforts to prevent suicide and suicide attempts among adults 25 and older in order to reduce the overall suicide rate and the number of suicides in the United States.


 


FEMA COVID-19 Funeral Assistance Tops $968 Million: FEMA has provided over $968 million to more than 147,000 people to assist with COVID-19-related funeral costs for deaths occurring on or after Jan. 20, 2020. The assistance comes from the Coronavirus Response and Relief Supplemental Appropriations Act of 2021 and the American Rescue Plan Act of 2021. Eligibility determinations are not driven by state/location; instead, they are based on when the applicant submits all required documentation.


 


Information for Specific Populations


 


Statement by President Joe Biden Extending the Pause on Student Loan Repayment: On Friday, President Biden extended the pause on federal student loan repayments one final time until January 21, 2022. He issued the following statement: “… This will give the Department of Education and borrowers more time and more certainty as they prepare to restart student loan payments. It will also ensure a smoother transition that minimizes loan defaults and delinquencies that hurt families and undermine our economic recovery.”


 


Considerations for Case Investigation and Contact Tracing in K-12 Schools and Institutions of Higher Education: CDC updated their considerations for case investigation and contact tracing in educational settings. These updates include updated guidance for K–12 schools and institutions of higher education, including considerations for people fully vaccinated against COVID-19 and situations when K–12 students are not considered close contacts. Learn what to do if a student becomes sick or reports a new COVID-19 diagnosis at school. View the fact sheet on additional actions to help kids go back to school safely. 


 


Employer Health Equity Toolkit: CDC created this toolkit to provide COVID-19 information to employers, agencies, and organizations who work with H-2A workers. These messages, resources, and tools are designed to help people traveling to the United States on an H-2A temporary agricultural work visa, as well as those who employ, recruit, work with, or supervise them, to make decisions, protect their health, and communicate with their communities.


 


FDA Warning Letter to Blue Willow Biologics: On August 3, as part of the FDA’s effort to protect consumers, the agency issued a warning letter to Blue Willow Biologics for selling an unapproved product with unproven COVID-19 claims. Consumers concerned about COVID-19 should consult with their health care provider.


 


Masking Guidelines for Students, Staff, and School Visitors: The Department of Defense Education Activity released masking guidelines for students, staff, and school visitors. Masks are required indoors; outdoors, when physical distancing cannot be maintained; and, on public conveyances, such as school buses. Masks are optional outdoors when physician distancing can be maintained. 


 


Mass Gatherings FAQs: The United States Coast Guard updated their mass gatherings frequently asked questions. 


 


Research


 


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization: CDC released an MMWR on the effectiveness of the COVD-19 vaccine in preventing hospitalizations among adults aged ≥65 years. Clinical trials of COVID-19 vaccines currently authorized for emergency use in the United States (Pfizer-BioNTech, Moderna, and Janssen [Johnson & Johnson]) have shown high efficacy in preventing symptomatic (including moderate to severe) COVID-19. Among adults aged 65–74 years, effectiveness of full vaccination for preventing hospitalization was 96% for Pfizer-BioNTech, 96% for Moderna, and 84% for Janssen COVID-19 vaccines; among adults aged ≥75 years, effectiveness of full vaccination for preventing hospitalization was 91% for Pfizer-BioNTech, 96% for Moderna, and 85% for Janssen COVID-19 vaccines. Efforts to increase vaccination coverage are critical to reducing the risk for COVID-19–related hospitalization, particularly in older adults.


 


Rapid Increase in Circulation of the Delta Variant: CDC released an MMWR on the rapid increase in circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant. The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 has become the predominant circulating U.S. strain. During April–June 2021, COVID-19 cases caused by the Delta variant increased rapidly in Mesa County, Colorado. Compared with that in other Colorado counties, incidence, intensive care unit admissions, COVID-19 case fatality ratios, and the proportion of cases in fully vaccinated persons were significantly higher in Mesa County. Crude vaccine effectiveness against symptomatic infection was estimated to be 78% for Mesa County and 89% for other Colorado counties. Vaccination is critical for preventing infection, serious illness, and death associated with SARS-CoV-2 infection (including the Delta variant). Multicomponent prevention strategies, such as masking in indoor settings irrespective of vaccination status as well as optimal surveillance testing and infection prevention and control, should be considered in areas of high incidence.


 


Reduced Risk of Reinfection After COVID-19 Vaccination: CDC released an MMWR on the reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination. Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available. Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated. To reduce their likelihood for future infection, all eligible persons should be offered a COVID-19 vaccine, even those with previous SARS-CoV-2 infection. The CDC Newsroom issued a media statement on the study. 


 


NIH-Convened Expert Panel Proposes Standardized Definition Of Placental SARS-Cov-2 Infection: A panel of experts convened by the National Institutes of Health has recommended standardized criteria to define infection of the placenta with SARS-CoV-2, the virus that causes COVID-19. The panel also offers guidance for the best methods to evaluate placental SARS-CoV-2 infection for research and clinical applications. Their recommendations aim to help streamline research on SARS-CoV-2 infection during pregnancy and ultimately optimize clinical care.


 


Hospital Surges May Be Deadly: Working in collaboration with the Centers for Disease Control and Prevention, Harvard University, and Emory University, NIH researchers examined data from hospitals in the spring and summer of 2020 and found that COVID-19 patients were more likely to die in hospitals experiencing a sudden surge of patients. The researchers analyzed data from 150,000 people with COVID-19 at 558 hospitals from March to August of 2020. More than half of these patients arrived during surges. The researchers concluded that nearly 1 in 4 COVID-19 deaths among these 150,000 patients may have occurred as a result of hospitals being strained by COVID-19.


 


COVID-19 Science Update: On Friday, CDC released their COVID-19 Science Update. 


 


 


 


Marvin Figueroa, Director


Office of Intergovernmental and External Affairs


U.S. Department of Health and Human Services


Washington, D.C.


 









characterize the epidemiology of COVID-19, measure the burden of disease and inform
public health action in the school setting.
The new guidance is attached to this email and also available on the CSTE website
(linked here).

Webinar: CSTE Assessment of Outbreak Responses & Protocol for Health Department
Notification of Infectious Persons with Recent Travel to CDC’s Quarantine Stations [Link]

CSTE will host a webinar Thursday, August 12, at 2:30 pm EDT on the CSTE Assessment
of Outbreak Responses & Protocol for Health Department Notification of Infectious
Persons with Recent Travel to CDC’s Quarantine Stations. The webinar will be hosted by
consultants Kristen Allen, MPH, and Kristina Lai, MPH. Call information is below:  

Weblink:  
Telephone: 

Meeting ID: 
One-Tap Mobile: 

WHO Vaccine Effectiveness Literature Review Update [Attachment]
The World Health Organization's International Vaccine Access Center has released an
updated COVID-19 Vaccine Effectiveness (VE) literature review as of August 5
(attached).
Note a new section has been added to highlight duration of protection data that is not
calculating a VE estimate, but can inform the duration of protection of COVID-19
vaccines.

 
 

Standing Updates
CDC Partner Update – August 9 [Attachment]

Please see attached for the latest update from CDC’s State, Tribal, Local, and Territorial
(STLT) Task Force.

HHS COVID-19 Update – August 9 [Attachment]
Please see attached for the latest COVID-19 updates from the HHS Office of
Intergovernmental and External Affairs. Updates typically include highlights from any
recent COVID-19 Response Team briefings, as well as vaccine, testing, treatment and
research updates, toolkits, and resources.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
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link.
Request Form for CSTE COVID-19 Call Topics [Link]

CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
preparedness.cste.org
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Sent to State Epidemiologists, Deputy State Epidemiologists, CLUE, Infectious Disease Points of
Contact, and the CSTE Executive Board
 
Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information 
NACCHO Webinar: CDC Federal Snapshot: K-12 Guidance Update [Link]

The National Association of County & City Health Officials (NACCHO) will host a webinar
tomorrow, Tuesday, August 17 at 3:00 pm EDT, where CDC will provide an update on
the Guidance for COVID-19 Prevention in K-12 Schools and the COVID-19 Guidance for
Operating Early Childhood Education & Child Care Programs. Representatives from
Janssen Pharmaceuticals will also be on hand to present the latest data on the J&J
vaccine.
Registration is required and available via this link.

CDC COCA Call: Additional mRNA COVID-19 Vaccines for Moderately to Severely
Immunocompromised People [Link]

CDC Clinician Outreach and Community Activity (COCA) will host a webinar
tomorrow Tuesday, August 17 at 2:00 pm EDT to discuss the current data on COVID-
19 vaccines in immunocompromised people; the role of additional doses of mRNA
COVID-19 vaccines, patients who should be considered to receive these additional

IR#0588 - KT DPH - Production_000024
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Statement from CDC Director Rochelle P. Walensky, MD, MPH, on Signing the Advisory Committee on Immunization Practices’ Recommendation for an Additional Dose of an mRNA COVID-19 Vaccine in Moderately to Severely Immunocompromised People






Today, I signed CDC’s Advisory Committee on Immunization Practices’ (ACIP) recommendation that endorsed the use of an additional dose of COVID-19 vaccine for people with moderately to severely compromised immune systems after an initial two-dose vaccine series.





This official CDC recommendation — which follows FDA’s decision to amend the emergency use authorizations of the vaccines — is an important step in ensuring everyone, including those most vulnerable to COVID-19, can get as much protection as possible from COVID-19 vaccination.





Emerging data suggest some people with moderately to severely compromised immune systems do not always build the same level of immunity compared to people who are not immunocompromised. In addition, in small studies, fully vaccinated immunocompromised people have accounted for a large proportion of hospitalized breakthrough cases (40-44%). Immunocompromised people who are infected with SARS CoV-2 are also more likely to transmit the virus to household contacts.





While people who are immunocompromised make up about 3% of the U.S. adult population, they are especially vulnerable to COVID-19 because they are more at risk of serious, prolonged illness. Included in CDC’s recommendation are people with a range of conditions, such as recipients of organ or stem cell transplants, people with advance or untreated HIV infection, active recipients of treatment for cancer, people who are taking some medications that weaken the immune system, and others.  A full list of conditions can be found on CDC’s website. The additional dose of an mRNA COVID-19 vaccine should be the same vaccine as the initial series and administered at least four weeks after completing a primary mRNA COVID-19 vaccine series.  While vaccination is likely to increase protection in this population, even after vaccination, people who are immunocompromised should continue follow current prevention measures (including wearing a mask, staying 6 feet apart from others they do not live with, and avoiding crowds and poorly ventilated indoor spaces) to protect themselves and those around them against COVID-19 until advised otherwise by their healthcare provider. CDC does not recommend additional doses or booster shots for any other population at this time.





At a time when the Delta variant is surging, an additional vaccine dose for some people with weakened immune systems could help prevent serious and possibly life-threatening COVID-19 cases within this population.
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CDC works 24/7 protecting America’s health, safety and security. Whether diseases start at home or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta and has experts located throughout the United States and the world.
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Agenda
• Funding Initiative Overview
• Funding Tier Requirements 
• Performance Measures 
• Jurisdiction Next Steps
• Questions







Accelerating Data Modernization in 
Jurisdictions
• $200M available from CARES Act


• Funding intended to help assure faster and more complete data 
sharing across the public health data ecosystem.


• Funding aims to accelerate implementation of data modernization 
efforts in three areas over a 24-month performance period:


• Tier 1 – ($46M) – Core data modernization infrastructure
• Tier 2 – ($77M) – Electronic case reporting scale-up
• Tier 3 – ($77M) – National Vital Statistics System modernization







Accelerating Data Modernization in 
Jurisdictions 
• Tier 1 – $46M - Core Data Modernization Infrastructure


• All 64 ELC recipients eligible for funding


• Tier 2 – $77M - Electronic Case Reporting (eCR) Scale-Up
• All 64 ELC recipients eligible for funding; amount based on recipient eCR status


• Level 1 – Funding Range $200,000 - $810,000
• Level 2 – Funding Range $1,100,000 - $1,545,000


• Tier 3 – $77M - National Vital Statistics (NVSS Modernization)
• All 57 ELC recipients who are part of NVSS will receive an average award of 


$1,350,000.







Accelerating Data Modernization in 
Jurisdictions
Short-term Outcomes
• Skilled and effective data science and informatics workforce to support data systems and analytics 


• Improved collaboration and communication among federal, state, local, and private partners 


• Improved informatics, data science, and health information systems capabilities and capacity


• Improved public health data sharing and interoperability of shared systems among partners 


• Increased electronic reporting and data exchange


• Reduced data reporting burden among partners


• More efficient, timely, and complete data reporting 


• Increased capacity to quickly analyze, interpret, and act on data







Accelerating Data Modernization in 
Jurisdictions
• Funding builds on C2 activities initially funded in 2020


• Funding will support activities implemented over a 24-
month project period


• August 2021 – July 2023







Tier 1: Core Data Modernization 
Infrastructure







Tier 1 – Core Data Modernization Infrastructure


• $46M available under Tier 1 for 24-month Budget Period


• All 64 ELC recipients eligible for funding
• Recipient funding amount generally mirrors amount requested 


for C2 during BP3 continuation


• If recipient didn’t apply for C2 during BP3 continuation, $10,000 
was awarded 







Tier 1: Core Data Modernization Infrastructure
• The strategies and activities in this area focus on implementing health 


information system improvements and workforce enhancements 
to accelerate data modernization. 


• Examples include:
• Coordination of data modernization in the recipient’s jurisdiction
• Implementation of workforce enhancements to improve data modernization
• Accelerate improvements to data quality, exchange, management, and use


• All 64 ELC recipients will receive funds to complete activities under this 
tier







Tier 1 – Strategies
1. Understand, coordinate, and lead data modernization efforts in the 


jurisdiction
a) Lead and coordinate data modernization efforts in the health jurisdiction 


(required)
b) Document and understand workforce, data and health information 


system needs and opportunities (required)
2. Accelerate data and health information system modernization


a) Implement workforce enhancements to accelerate data modernization 
(required)


b) Accelerate improvements to data quality, exchange, management, and 
use 







Tier 1 – Required Tasks  (1 of 2)
• Identify a designated person(s) with overall responsibility to lead data 


modernization and information system interoperability for all activities
• Participate in Data Modernization Initiative implementation, support and 


modernization efforts
• Participate in a Technical Assistance (TA) consultation assessment to identify 


annual TA priorities and opportunities (jurisdictions may request EDX 
Technical assistance at EDX@cdc.gov if needed throughout the project 
period)



mailto:EDX@cdc.gov





Tier 1 – Required Tasks (2 of 2)
• Support travel and attendance for at least the lead person and a prominent 


scientist (e.g. Informatician, Epidemiologist, Data Scientist) to participate in a 
two-day Data Modernization Workshop in Atlanta, GA 


• Work with CDC to measure key aspects of implementation (e.g. degree to 
which trainings address identified needs in the assessment; use of new 
analytics and visualization)  


• Participate in workshops, trainings, and conferences to build workforce 
capacity and accelerate data and health information system modernization  







Strategy 1: Understand, coordinate and lead data 
modernization efforts


a) Lead and coordinate data modernization efforts in the health 
jurisdiction (required)
i. Identify staff to lead modernization efforts, request funding for 


supporting staff if needed. 
 Responsible for ensuring a gap analysis, needs assessment and 


workforce development plan are completed. 







Strategy 1: Understand, coordinate and lead data 
modernization efforts


b) Document and understand workforce, data, and health 
information system needs and opportunities (required)


i. Assess and Report:
1) Current state of data and health information systems and services. 
 Data exchange and information systems supporting epidemiology 


and laboratory
 Opportunities for modernization and improved interoperability 


across health department programs. 







Strategy 1: Understand, coordinate and lead data 
modernization efforts


b) Document and understand workforce, data, and health 
information system needs and opportunities (required)


i. Assess and Report:
2. Workforce capacity, gaps, and opportunities to improve data and health 


information system modernization. 
 Data science capability and workforce development programs
 Opportunities for modernization and improved interoperability 


across health department programs
 Details and opportunities and challenges for intra-jurisdictional, 


inter-state, and federal data sharing







Strategy 1: Understand, coordinate and lead data 
modernization efforts


b) Document and understand workforce, data, and health information 
system needs and opportunities (required)


ii. Use assessment outcome to develop:
1) Modernization plan for IT and informatics infrastructure
 Support for epidemiology and laboratory needs
 Forward-looking use of scalable, sustainable shared services and 


cloud-infrastructure







Strategy 1: Understand, coordinate and lead data 
modernization efforts


b) Document and understand workforce, data, and health information 
system needs and opportunities (required)


ii. Use assessment outcome to develop:
2) Workforce Development Plan
 How existing gaps will be addressed
 How modernization efforts will be supported 
 Options other than contractual and full-time staff (e.g. training, 


fellows, direct assistance and technical assistance) can be 
considered. 







Strategy 2: Accelerate data and health information system  
modernization 


a) Implement workforce enhancements to accelerate data modernization (required)
i. Improve access to high-quality, technically appropriate trainings or other learning 


activities. Identify technical content and provide access to training to improve 
competencies (Appendix 1). Outputs from Strategy 1b should inform this activity in 
future years. Describe how training and learning activities will relate to known gaps 
and opportunities to modernize data and health information systems including:


 Online trainings
 Licenses for online courses (MOOCC)
 Collaboration with academic 


institutions


 In-person training courses
 Peer-to-peer learning







Strategy 2: Accelerate data and health information system  
modernization 


a) Implement workforce enhancements to accelerate data modernization 
(required)


ii. Conduct workforce enhancement activities aligned with competences 
(Appendix 1) to ensure jurisdiction's workforce has needed knowledge 
and skills and explain how the results from Strategy 1 will inform 
proposed activities. 


iii. Propose a project to expand workforce capability through requests for 
technical assistance, direct assistance, or shared consultative services in 
one or more jurisdictions to address identified need. 







Strategy 2: Accelerate data and health information system  
modernization 


b) Accelerate improvements to data quality, exchange, management 
and use.   


i. Propose one (1) or more projects that use shared services or 
infrastructure to enhance existing or facilitate new data exchange or 
information system functionality. Projects may include:
 Services and infrastructure located outside of your jurisdiction
 Existing services and infrastructure in your jurisdiction for use by others
 Building new services and infrastructure


Given limited resources available, proposals should include incremental or scalable      
activities. See DMI Supplemental Guidance for additional information on shared services. 







Strategy 2: Accelerate data and health information system  
modernization 


b) Accelerate improvements to data quality, exchange, 
management and use.   


ii. Propose other innovative projects for modernizing data quality, 
exchange, management, sharing, and use.







Request Technical Assistance
Available Now:
• ELR
• Case Notifications
• eCR
• Public Health Labs
• Privacy Preserving Record 


Linkage (PPRL)


Coming Soon:
• Assessment & Planning
• Technical & Consultation 


Staff
• ETOR







Tier 2: Electronic Case Reporting 
Scale Up







Funding Readiness


Jurisdiction funding 
readiness was determined 
by ELC performance 
reports and information 
provided on quarterly 
monitoring calls.


$200,000 - $800,000
Year 1 - building surveillance system


capacity and planning for eCR
Year 2 - expanding eCR and completing


same activities as Level 2 jurisdictions


Level 1


Level 2


$1,100,000 - $1,545,000
Year 1 and Year 2 working on all


activities
No delay needed to get started







How to determine your level


The eCR team will share 
information about the level 
of funding for your 
jurisdiction after the Notice 
of Award released.







Requirements







Overview of eCR Requirements


Levels 1 & 2
• Connect to AIMS
• Author in RCKMS
• Make eICR data available to the state and local 


epidemiologists
• Educate epidemiologists about eCR
• Plan and build an eCR team with an eCR lead
• Communicate with healthcare 
• Submit quarterly monitoring and quarterly/ semi-annual 


performance metrics


Level 1 (Only)
• Turn off parallel production and use HTML instead of 


faxes
Additionally,
• Level 1 jurisdictions are encouraged to work on Level 


2 activities as optional; particularly in year 2. 
• They will help your jurisdiction in the long term!


Level 2 (Only)
• Develop process to turn off parallel 


production
• Process messages into surveillance 


system and database environments
• Onboard healthcare for all trigger codes
• Optional innovation project


eCR 
Requirements


Levels 
1&2


Level 1
(Only)


Level 2 
(Only)







Activities 
All Levels, Level 1 and Level 2







Goals All Levels


• The goal of this activity is to 
advance implementation of 
electronic case reporting (eCR) for 
all reportable conditions by 
healthcare organizations and 
accelerate the use of this data in 
public health to support case 
management and investigation, 
condition surveillance and 
monitoring and emergency 
response activities. 







All Jurisdictions (Levels 1 & 2)
3 


M
on


th
s


• Communicate with healthcare organizations that eCR is a way to fulfil their 
mandated reporting requirements


• Author total of 35 Reportable Conditions in RCKMS
• Ensure eICR and RRs are in human readable format across all condition areas
• Educate epidemiologists about expected changes to the workflow from eCR
• Propose a staffing plan to ensure that key eCR activities are accomplished and 


implemented
• Formally declare readiness (willingness to receive data) on recipient’s website


6 
M


on
th


s


• Continued communication with healthcare organizations
• Author total of 70 Reportable Conditions in RCKMS
• Ensure Promoting Interoperability Program information is 


updated and available on the recipient’s website
• Continued education and communication with epidemiologists 


on updates to/from eCR
• Updates to staffing plan as needed


1 
Ye


ar


• eCR lead should be in place and be a full-time leadership level position 
dedicated to electronic case reporting and able to support eCR with the 
appropriate authorities and at a level of effort to effect change


• Continued communication with healthcare organizations
• Author All Reportable Conditions in RCKMS
• Updates to staffing plan as needed
• Ensure Promoting Interoperability   Program information is updated and 


available on the recipient’s website
• Continued education and communication with epidemiologists on updates 


to/from eCR


2 
Ye


ar
s


• Author newly available conditions within 3 months of 
the conditions being available in the RCKMS tool and 
should continue to update previously authored 
conditions to the latest version


• Continued communication with healthcare 
organizations


• Updates to staffing plan as needed
• Continued education and communication with 


epidemiologists on updates to/from eCR







Activities for All Jurisdictions in eCR: Data 
Access


Strategy 1: Ensure that electronic Initial Case Reports from AIMS are 
received by epidemiologists at the state AND local public health agencies


• Timing – within 3 months of awards
• “Available to epidemiologists” can be met in a variety of ways


• Human readable document (HTML) – can be printed or can be a shared folder structure
• Attached as HTML in surveillance system
• Integrated into surveillance system and available in production environment


• Educate epidemiologists about change in workflow and data availability 
that they can expect from eCR


• Technical assistance is available to help you achieve this goal! 
ecr@cdc.gov







Activities for All Jurisdictions in eCR: 
Workforce Development


Strategy 2: Build an eCR team
• Timing – this should be included within your workplan that is 


submitted at 90 days
• Consider who is responsible for activities long term – can use 


the DMI assessment in Tier 1 to support planning for this 
activity.


• Identify an eCR lead- who is a full-time leadership level 
position and has authority to make changes. 







Considerations for workforce planning
Determine who will accomplish certain tasks and the amount of time 
and effort the tasks will take. Depending on the size and volume of 
messages, some positions can be shared resources across program 
areas, but some positions may need to be dedicated to eCR.


• Communication with healthcare
• Authoring in RCKMS
• Technical integration of eICR and RR into data environments
• Data quality review
• Optional: evaluation to assess performance







Activities for All Jurisdictions in eCR: 
Communicate with Healthcare


Strategy 3: Communicate with healthcare
• Timing – this should begin as soon as possible; declaration of 


readiness within 3 months of award
• Update your website to include information about eCR as a 


mechanism for reporting
• Formally declare readiness (to receive data) on your website 


within 90 days of award







Activities for Level 1 Jurisdictions in eCR: 
Communicate with Healthcare


Strategy 3: Communicate with healthcare
• If you are not planning to integrate the eICR and RR into your 


surveillance system, you should communicate with onboarded 
healthcare organizations that they can send eICRs instead of faxes 
or direct web entry portal


• Why: The eICR (in HTML) should be better than/similar to the other 
forms of manual reports.







Activities for Level 2 Jurisdictions in eCR: 
Communicate with Healthcare


Strategy 3: Communicate with healthcare
• Timing: within 3 months of award.


• Develop a process to turn off parallel production and share with CDC.


• Timing: by end of funding period
• Goal of turning off parallel production 75% of onboarded healthcare 


organizations.
• Provide feedback on quality of messages to healthcare organizations and 


eCR team within 4 weeks of go live and turn off parallel production 
within 2 weeks of messages meeting your quality standards.







Activities for Level 2 Jurisdictions in eCR: Use 
eICR data


Strategy 4: Use the eICR and RR in primary and secondary 
surveillance systems


Scheduled 
meeting with 
eCR team to 


explore 
opportunities 
for technical 


assistance


3 
Months


Process critical 
data elements 


of eICR into 
primary 


surveillance 
system


6 
Months


Process all data 
elements of 


eICR into 
surveillance 


system


1 Year
Process eICR 


into secondary 
surveillance 


systems
2 Year


Process eICR into other data environments
Ensure methods for capturing performance metrics


Anytime







Activities for Level 2 Jurisdictions in eCR: 
Accelerate onboarding


Strategy 5: Accelerate onboarding of healthcare organizations 
using AIMS and RKCMS
• Timing: 1 year
• Request healthcare implements full trigger codes within 1 year
• 40% of hospitals onboarded for eCR in year 1
• 75% of hospitals onboarded for eCR by year 2


• Encourage all funded jurisdictions to onboard beyond hospitals 
and think through a health equity approach







Activities for Level 2 Jurisdictions in eCR: 
Innovation


Strategy 6: Innovation and scientific advancements using eCR
• Better suited for year 2 of proposed workplan. 
• Options include:


• Evaluation activities using CDC evaluation framework
• Partner with healthcare on best way to utilize the RR
• Improve collection of data by healthcare
• FHIR R4 API activities







Tier 3: NVSS Modernization







Tier 3 – NVSS Modernization
• $77M available under Tier 3 for 24-month Budget Period


• Each of the 57 ELC recipients who are part of NVSS 
will receive an approximate award of $1.35M for this 
funding tier







Tier 3: NVSS Modernization
• The strategies and activities in this area focus on increasing 


interoperability with NCHS through implementation of FHIR-based 
solutions.


• Recipient’s expertise and system readiness for FHIR-based 
interoperability vary widely and none of the 57 vital record recipients 
are currently providing data through this technology.


• Each of the 57 ELC recipients who are part of NVSS will receive an 
approximate award of $1.35M for this funding tier







NVSS – Strategy
• Move all 57 vital records jurisdictions closer to providing data to 


NCHS using FHIR-based interoperability


• Regardless of technical maturity, each vital records jurisdiction 
will receive same base funding amount to work towards required 
activities


• More technically mature recipients that do not need full funding 
to complete required activities may propose additional “optional” 
activities related to NVSS modernization







NVSS – Required Tasks (1 of 3)
1. Develop a Project Plan and timeline for implementation of HL7 FHIR-based 
interoperability with NCHS
• Draft implementation plan due 90 days after award
• NCHS will review and approve implementation plan within 180 days after award date


Goal: Most recipients having made significant progress to support FHIR-based 
interoperability by July 2023, with expectations of being ready to support within one 
year of the end of the project funding period.


Note:  NCHS will work with recipients to establish realistic timeline to align with unique 
capabilities of each recipient.







NVSS – Required Tasks (2 of 3)
2. Develop and maintain technical capacity and systems needed to 
implement FHIR-based interoperability with NCHS and any other 
optional modernization work to be undertaken with this funding.


Implementation will be conducted in a phased approach that aligns 
with the timeline each recipient has developed in conjunction with 
NCHS.







NVSS – Required Tasks (2 of 3)
Development will include:
• Making necessary upgrades to existing systems to support 


FHIR standards and record-level messaging
• Implement application programing interfaces (API’s) to 


support sending and receipt of FHIR messages
• Engage in testing and piloting between EDRS and NCHS







NVSS – Required Tasks (2 of 3)
Development will include (continued):
• Recipients who are determined to be ready for production 


interoperability between EDRS and NCHS will then be required to 
successfully complete a series of tests. These systems tests will 
demonstrate readiness before recipients are approved to send 
NCHS data using FHIR in production.


• Once recipient has been approved for production, the recipient 
will move to sending data using FHIR and cease using legacy feed.







NVSS – Required Tasks (3 of 3)
3. Participate in NVSS Modernization Community of Practice (COP)


Opportunities for participation in the COP include:
• Monthly calls with topical presentations by NCHS staff, COP participants, and others
• Monthly technical subgroup calls on the nuts and bolts of modernization
• Weekly office hours with the NCHS technical support team
• Opportunities to participate in special interest subgroups


COP participates will also have access to:
• NVSS Modernization Resource Tool Kit: https://www.cdc.gov/nchs/nvss/modernization/tools.htm
• Recorded presentations and topical training


Learn more about the COP at https://www.cdc.gov/nchs/nvss/modernization/cop.htm



https://www.cdc.gov/nchs/nvss/modernization/tools.htm

https://www.cdc.gov/nchs/nvss/modernization/cop.htm





NVSS – Optional Activities
• Technically mature recipients may propose and implement 


additional projects, with CDC approval.  
• Examples:


• FHIR-based interoperability between medical examiner/coroner case 
management systems and EDRS


• Pilot interoperability between hospital EHR and recipient electronic 
birth/death registration systems


• Interoperability between recipients EDRS and one or more 
surveillance systems or registries


• Maintain existing IS, including personnel and operating environment 
and supporting software necessary for them to function







Performance Measures 
• The ELC Data Modernization performance measures support continuous program 


monitoring, demonstrate accountability to stakeholders and clarify program expectations 
and priorities 


• Logic model and performance measures will be provided to recipients within 
approximately 30 days of award


• CDC will utilize existing data sources and relevant ELC performance measures, whenever 
possible, to reduce the reporting burden on recipients 


• Recipients will be expected to participate in CDC performance management and 
evaluation activities


• Recipients will be required to report on the performance measures using standardized 
templates in REDCap, unless otherwise noted







Office Hours
• Week of August 18 – Weekly CSELS Office Hours Begin


• Sessions held weekly through end of September
• Sessions will alternate Wednesday and Thursday afternoons at 


3:30 PM Eastern







Grants Management details







Grants Management - Budget


• Funds will be awarded


• In the Project C2: Data Modernization tab of the ELC budget workbook


• On line ’C.2_O1' in the ‘Other’ cost category section


• At time of NOA issuance, funds will be accessible in the Payment Management System 
(PMS) and can be used, in accordance with guidance, during the 90-day period for 
preparing the workplan & budget.







Grants Management - Budget
• Within 90 days of receiving the NOA, submit your 'Budget Revision Amendment' in GrantSolutions. Your 


Amendment must include:


• Revised budget using the ELC budget workbook that was provided in GrantSolutions as a Grant Note


• Budget Information SF-424A using the form generated by ELC budget workbook or a PDF – not the e-
form in GrantSolutions


• Cover letter signed by the Authorized Official of record


• If a recipient does not have written approval for an extension from CDC and misses the 90-day deadline for 
workplan and revised budget submission, their PMS account may be restricted.







• Do not use the hyperlink for the SF-424A in GrantSolutions as it 
creates issues for award processing.


• ELC budget workbook
1. Use the ‘SF-424A’ button on the ‘Menu’ page to generate.
2. Go to the ‘SF-424A’ tab.
3. Print the tab as a PDF.
4. Upload in GrantSolutions under the


‘SF-424A’ in the amendment submission section.


Reminder - SF-424A







Grants Management - Workplan


• Within 90 days of receiving the NOA, submit your workplan into 
REDCap’s ‘ELC Data Modernization COVID’ portal.


• A letter signed by all ELC Governance Team members indicating 
that they have each contributed to and agreed upon the 
workplan and revised budget must be submitted in REDCap.







Budgeting







Creating a Budget
• Purchasing  EHRs is not an allowable expense; incentives 


are an allowable expense







Reporting Requirements


Authorized Official’s signed Acknowledgement of Guidance 
letter through a GrantSolutions Grant Note 


Due 5 days after NOA is received


Financial reporting Due the 5th of each month, starting October 5th


Any applicable performance measures TBD


Workplan, revised budget, & agreement letter signed by all 
ELC Governance Team members


Due 90 days after NOA is received, likely mid-
November


Quarterly workplan/milestone progress reporting Due quarterly, starting January 31st







Contact Us:
• Core Data Modernization Infrastructure – EDX@CDC.GOV


• eCR Activity – ECR@CDC.GOV


• NVSS Community of Practice: 
https://www.cdc.gov/nchs/nvss/modernization/cop.htm



mailto:EDX@CDC.GOV

mailto:ECR@CDC.GOV

https://www.cdc.gov/nchs/nvss/modernization/cop.htm
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ACCELERATING DATA MODERNIZATION IN JURISDICTIONS - COVID 
WEBINAR TRANSCRIPT  
 
 
Aaron Borrelli: Welcome to the accelerating data monetization and jurisdictions webinar. This webinar is a joint effort 
between ELC and CDC’s Center for Surveillance Epidemiology and Laboratory Services, also known as CSELS. 
This webinar is intended for ELC recipients, if you are not an ELC recipient, we ask that you hold questions during 
the Q&A portion of this webinar to permit our ELC recipients the opportunity to ask questions related to this award. 
We ask that you put your questions in the chat box to help facilitate getting to the appropriate subject matter expert 
for a response during the Q&A portion of the webinar. You can also use the raise hand feature be called on to ask 
your question verbally. This webinar will provide programmatic overview and technical assistance to recipients to 
prepare them for completing the associated work plan and budget associated with this award. To permit adequate 
time for covering the various activities under the supplement, the grants management section will not be presented 
in today's webinar. Slides providing details around the budget and workplan completion, along with submission in 
GrantSolutions, are included in the slide deck. A compilation of the Q&A, the link to the recording, and the slide deck 
will be shared, through the ELC mailbox by this Friday. I would like to now introduce Jim Kuchik, who is the lead of 
the data modernization initiative implementation unit at CDC Center for surveillance epidemiology and laboratory 
Services. 
 
Jim Kucik: Thank you Aaron and thanks so much to all of our state local territorial colleagues for attending today. 
We really appreciate your partnership in the data modernization initiative. And I really want to thank our colleagues 
at the National Center for Emerging Zoonotic Infectious Diseases for their leadership and support on this 
cooperative agreement and the webinar today. Just so that you all know, we're having some pretty bad storms 
coming through Atlanta, so hopefully that won't knock off any of the speakers today, but if so, we just appreciate 
your patience, and we'll work through it. The agenda today: I'm going to give a very brief overview of the funding 
initiative because the meat of the webinar today is really going to be in the second bullet where we're going to walk 
through the three different tiers of funding formulas and the requirements for each of those, and then we'll sort of be 
able to touch on our performance measures and talk through our next steps before hitting the Q&A. 
 
Jim Kucik: So, through the data modernization initiative we're bringing together state, local, and tribal and territorial 
public health jurisdictions - and our private and public sector partners - to create modern, interoperable, and real-
time public health data and surveillance systems that are going to protect the American public. So, in part, to 
achieve these goals CDC is investing $200 million over a 24-month performance period for direct support to 
advanced foundational data modernization activities and to accelerate core surveillance enterprise data sets. 
Specifically, funding will be provided for the data modernization in three areas. Tier one funding will focus on 
implementing health information system improvements and workforce enhancements to accelerate data 
modernization. Tier two will support the scale up electronic case reporting and tier three will focus on increasing 
interoperability with the National Center on Health Statistics, or implementation of fire-based solutions.  
 
 
Jim Kucik: You’ll be hearing more details about the different funding levels and the associated activities in just a 
moment, but in brief for tier one: all eligible jurisdictions will be receiving funding, and you'll be receiving an amount 
similar to what you requested during the BP3 continuation process. Similarly, all jurisdictions will be eligible for funds 
under tier two, however there'll be two different levels of funding that'll be, in part, determined by your ELC quarterly 
and semi-annual reporting. Eligible recipients under the third tier are those who are part of the National Vital 
Statistics System. Those 57 jurisdictions will be receiving on average $1.35 million to conduct activities that will be 
determined by the technical maturity of each of your programs. 
 
Jim Kucik: I won't read through all these intended short-term outcomes, but this slide really is meant to demonstrate 
that this is intended to be a comprehensive approach to data modernization, really designed to enhance workforce 
and health information systems through partnerships, collaboration, and coordination. And it should come as a 
surprise to no one on this webinar that, really, to be successful, we have to work differently - break out of our silos 
and really work across the departments. 
 
Jim Kucik: It's an enormous understatement to say this past year that your heroic efforts to respond to the pandemic 
have limited your ability to accomplish all that you wanted to but, we're hoping that these resources will help you 
build on the work that you have been able to achieve. And we also understand that no amount of resources can 
generate more time, so we want to recognize that. One year, maybe not even two is sufficient to make significant 
gains in your data modernization goal, so the performance period for this award will be 24-months, extending 







through July of 2023, knowing that even then your work’s not going to be done. I look forward to working with you all 
and providing as much support the CDC can to help you all be successful. Never hesitate to reach out. Now I'm 
going to turn it over to my colleagues to provide more details on each of the funding tiers. We’ll start with tier one.  
 
Michele Hoover: This is Michelle Hoover and Theresa, who will be also helping me out. I’m going to be laying out 
some of those core highlights of the infrastructure components, in particular for the core data modernization 
infrastructure. These are the activities that were traditionally covered under the ELC HIS project C2.  
 
Michele Hoover: As Jim just mentioned, we are putting out $46 million. Those amounts are going to be based 
primarily on what you have submitted in your BP3 continuation application. And we will, as well as ELC, be available 
to work with you as you develop your budgets and your workplans. If a recipient did not apply for C2 during the BP3 
continuation, $10,000 will be awarded to those jurisdictions - primarily to focus on establishing that core 
infrastructure that is needed to improve their systems. 
 
Michele Hoover: So as a reminder, the strategies and activities for these efforts are really based on health 
information system improvements, including surveillance systems and public health laboratories, and to enhance 
workforce capacity to accelerate those modernization efforts and activities. Some of the examples that we are 
looking for out of this are coordination of data modernization efforts in the recipient jurisdictions, helping to improve 
the skill sets of the workforce to also help with data modernization, and then accelerating those improvements for 
data quality exchange, management, and use. All 64 recipients will receive funds to complete activities under this 
tier. The strategies are really broken up into two broad areas: first, to be able to understand, coordinate, and lead 
the data modernization efforts. The primary purpose of this effort is to have one person, similar to what you would 
have for a principal investigator or a project coordinator, who can help guide this effort across the entire health 
department, not just in one particular section. We are looking at cross-cutting efforts and activities to improve the 
infrastructure to support information systems, as well as to enhance those information systems. To do that we really 
want jurisdictions to document and understand their needs, including their workforce needs: what are their needs for 
the data and how that information is flowing, as well as their system needs and opportunities? The second effort 
really focuses on modernization of those systems themselves, through efforts and activities. 
 
Michele Hoover: As part of the required tasks under tier one you really do need to identify a person with overall 
responsibility to lead those data modernization efforts and information systems interoperability. For all of those 
activities, you need to participate in the data modernization initiative implementation support and monitoring efforts, 
as well as participate in various areas of technical assistance to help us identify priorities and opportunities to 
provide technical assistance to help with these modernization efforts. The other required tasks are to support 
traveling attendance for at least one lead person, a prominent scientist to participate in a two-day data 
modernization workshop. We also anticipate that the folks receiving this funding will be participating in our DMI 
Community of Learning community as well. And, as before, we're working to measure different aspects of 
implementation, which may be participating in those monitoring activities to help us gauge where the work is 
coming, as well as participate in workshops, trainings, conferences, and other efforts that can help accelerate the 
efforts for making improvements in your systems and gaining that knowledge and skills that will help enhance your 
ability to analyze, report, and use the data for public health decision making. The next year really begins to look at 
what are some of those efforts and responsibilities. I've covered a number of these areas already, that I'm just going 
to highlight here, but most of you know them if you participated in the ELC meeting at the beginning of the year. We 
have worked to put in place a contract that will help people complete the gap analysis (i.e., the assessment of both 
your IT systems, as well as helping to develop a workforce development plan). Technical assistance will be 
available for these efforts, and we will be looking to kind of accelerate this process by providing that funding to 
vendors and contractors that can help you assess and measure your gaps in your systems, and what workforce 
skills and capacities that may need to be developed within your health department. 
 
Michele Hoover: We really want to look broadly across the entire spectrum of systems that you are working with 
within your department from surveillance, as you'll hear with our colleagues in tier three. Helping with interoperability 
between different systems themselves, as well as those auxiliary systems that may help, in terms of being able to 
quickly collect, process, analyze, and report data. Most of these slides are in here for your reference, but allow you 
see some of those high-level areas that we are looking for. Some of this should sound very, very familiar to you: 
really looking at that infrastructure to really look at how we can support scalable, sustained, agile systems and 
services that can be used in a pandemic, or in other efforts that may be occurring. 
 
Michele Hoover: One of the things that we want to do and want to really encourage is really looking at those 
workforce enhancements to accelerate that data modernization. So if you're looking at the original guidance that 







was put out - and we will be providing some additional supplemental guidance - you really want to be able to look at 
ways to provide opportunities and think through about how to help obtain the knowledge, skills and abilities for both 
the staff that are currently working with you on data modernization efforts, as well as any new staff that are coming 
on. This includes trainings, collaborations with other institutions, as well as peer-to-peer learning. And this project a 
is really to kind of help with those workforce assessments that we mentioned a moment ago, but this moves to the 
level of really beginning to implement those strategies and activities in the health department. 
 
Michele Hoover: This one really is an area that with this additional funding that we are hoping to be able to move 
more quickly. Once you've done your assessment and developed a solid IT modernization plan and workforce 
development plan, we want to begin learning ways in which we can use shared services across the board - looking 
at the services and infrastructure that may be listed outside of your health department, as well as other existing 
services and infrastructure in your jurisdiction that could be used by others. With this, we hope that we can provide 
some funding that can help you develop those things within your health department that are working well and being 
able to scale them up in a way that can be used more globally outside of maybe one area and expanding it more at 
an enterprise or lower level that's scalable. Last but not least, is innovative projects to modernize your data quality 
management sharing and use. As we've mentioned previously, you know what your problems are, what your pain 
points are. We want you to look carefully at those pain points, barriers, and challenges and be able to develop a 
strong plan after you've done your assessment and propose areas and activities that you know you would like to 
work on that you have been waiting to work on for a while but have previously not received funding for. And this is 
one last note to let you know that all of the projects that are located under the broad umbrella of ELC Health 
Information Systems, both C1 and C2, have technical assistance available. In a moment we'll turn it over to Grace 
and Laura, who will talk about the efforts that are available for ECR. Public health laboratories are still beginning to 
implement the privacy-preserving record linkage. Those activities are the ones that I have mentioned during this 
presentation that focus on efforts directly related to developing and looking at your gaps, for your assessment, as 
well as planning and specific technical staff and consultation that may be used to address areas where you know 
need improvement but have not been able to find the right staff to be able to conduct that work, to help you move 
forward with your modernization efforts. We are also looking very heavily at electronic test ordering and reporting. 
 
Grace Mandel: My name is Grace Mandela and with the electronic case reporting program I’m also joined by Laura 
Con, the lead of the electronic case reporting program. The electronic case reporting does have two levels with 
slightly different activities that will be talking about today, and jurisdiction funding readiness was determined by the 
ELC performance reports, including your quarterly monitoring calls, and your quarterly and semi-annual 
performance metrics submitted by your teams. Jurisdictions who are funded in that level one area will receive 
between $200,000 to $800,000, and they'll focus on building surveillance system capacity and planning in year one 
and then continuing with those same activities as everybody else in year two. Level two jurisdictions are funded 
between $1.1 and $1.545 million, and there will be searches to immediately jumping into those activities. Now, how 
to determine both between the tiers, and the notice of award, just gives one lump sum. You will receive an email 
from the EDS mailbox with information about your level of funding for ECR specifically. As Michelle noted, ECR is 
one of the activities and relates very closely to the DMI assessments above, so if you have requested activities for 
ECR previously and C2 that doesn't necessarily need to change.  
 
Grace Mandel: So what we wanted to do was do a quick overview of the requirements. There's a lot of meat inside 
the ECR section, so I really recommend that you spend some time reading it. Just as a sort of high level: both level 
one and level two recipients are required to connect to ames and other ECR cameras So these are both shared 
services. They make the easier architecture possible and provide interoperability between all jurisdictions. Another 
goal that’s common between both levels of recipients is to make the data that is being transmitted to you available to 
both the state and local epidemiologists, or people conducting case investigations, the right people who need this 
data to be able to do their job better. There's some workforce education components that are definitely important 
whether you have a low volume of data or high volume of data. When thinking about building your ECR team and 
communicating with healthcare, we'll also discuss some of those differences between level one and level two and 
these slides will be send out afterwards, you can use this graphic as a reference. 
 
Grace Mandel: Okay we're going to jump into the activities. Electronic case reporting is the automated generation 
and transmission of case reports from healthcare to public health, and although is primarily used for COVID 
because COVID has been a priority of most public health agencies. The electronic age of reporting infrastructure is 
capable of working with many reportable conditions, and so the goal of this particular funding is to expand to all 
reportable conditions, and to accelerate the use of this data in public health to support your public health activities, 
so those activities for both day-to-day work, and also decision making. 
 







Grace Mandel: One of the things we did was to try to put some markers and to help you guys develop your two-year 
plan with goals at the three months, six months, one year, and two-year mark. Those will be noted throughout the 
slides and are noted inside the guidance itself. We did create this graphic that you can refer to after the presentation 
as well next. 
 
Grace Mandel: I'm going to start with the activities that are for all jurisdictions. The first activity is related to data 
access and, as I mentioned, we know that during COVID many public health agencies have connected and 
sometimes it's the state, there are also some local agencies who connect it directly, particularly for those integrated 
states where there's an integrated surveillance system and the locals anticipate getting data from the state. It’s 
really important to note that this bullet is not just for getting your state epidemiologist access, but also for those 
locals who rely and work with you at the state level. We do have a timing within three months of award for this goal 
and we're happy to talk to you about the variety of ways that this goal can be met. Right now, you can have the 
document delivered in a human readable format, in addition to the xml format that is computer readable. There may 
be some additional workflows that we can assist with outside of full integration to the surveillance system. We 
encourage you guys to reach out both for this goal and for other goals. We don't want you to be alone and working 
through any of this, so please feel free to reach us at any time. 
 
Grace Mandel: The next requirement is on that workforce development piece, and I think everyone on this call would 
probably agree with me that workforce is such an important component of everything in public health. And so, in 
building the ECR team, we encourage you to put together in your work plan, that will be submitted to ELC as part of 
this project, information about your team. It may have individuals who are currently onboard, and they also have 
some roles that you realize need to be new to your public health agency. It could potentially be funded by this 
cooperative agreement. We require you to identify an ECR lead, so this would really be somebody who can make 
decisions and has the authority to make change ECR is rapidly growing and there's lots of need for that leadership 
lens and support at a public health agency. 
 
Grace Mandel: We have some tips and thinking about building your ECR team. As we've learned in the past year, 
for many public health agencies we've identified some different activities that need support at your public health 
agency, including communicating with healthcare offering in our CMS working on technical implementations. 
Looking at the data quality that's coming in and potentially also evaluation of ECR to assess performance and 
growth and development. We’ve seen some of these can be shared resources, either between one person who's 
completely on ECR or potentially shared across programs, but we really encourage you to think as this grows: what 
may need to be separated out to become unique positions and to think about what resources are independently 
needed for ECR. We hope that this exercise will be useful, not just for the current performance period in the current 
work plan, but also for your future long-term development. 
 
Grace Mandel: The third activity for all jurisdictions is to communicate with health care, and we hope that you can do 
this as soon as possible. In particular, the declaration of readiness is a component that’s related to promoting 
interoperability program that the EDX team recently sent out. Additional information about changes to the promoting 
interoperability program and declaration of readiness says that you guys are ready to receive data, it does not 
necessarily mean that you can process and use the data. It doesn't mean that you can work with healthcare 
organizations that are inside your jurisdiction. We recommend that you put that declaration of readiness forward and 
we recommend that you include it on your website, as well as just reviewing public information related to your 
jurisdiction on your website beyond just promoting interoperability. 
 
Grace Mandel: This is a specific activity for level one jurisdictions, so this does not apply to level two jurisdictions. 
This is really saying, if you cannot think you can integrate the ECR, which are the documents that are delivered as 
part of the electronic case reporting process, ensure you can communicate with onboarded healthcare organizations 
that they no longer need to send faxes or direct web entry portal. That's because the ECR, which is a standard 
document should be similar to the other forms of manual reporting. Looking at that html should be particularly 
different that affects we can continue to discuss this after, but for those level one jurisdictions that's the current 
guidance. 
 
Grace Mandel: And then next slide, we talked about that same activity, which is communicating for healthcare for 
level two jurisdictions. This is much more focused on developing a process to turn off parallel production, so the goal 
should be to review the quality of the message and then to communicate to a healthcare organization ideally within 
four weeks of them going live. Obviously, that's not possible right now so, over time, as you do this funding 
developing your process to eventually be able to turn off crowd production. I should note here that the goal is not to 
say turn off parallel production. If the quality of the messages doesn't meet your standards or if you're getting 







inconsistent messages from that provider, the goal here is to have a process for when those messages do meet 
your standards, and you can turn it on. 
 
Grace Mandel: For those level one jurisdictions, this may not be in your first year, but we encourage you to work on 
these activities as they’re foundational to ECR and will benefit you moving forward. This is about using the 
documents that are delivered in your primary or secondary surveillance systems. As the first step, we recommend 
that you meet with the team to explore opportunities for technical systems within three months of award. 
 
Grace Mandel: And our graphic will look at processing those critical data elements of the ECR and your primary 
surveillance system. This might not be everyday but it might be enough to either attach the html or give your Epis  
data that they can start with a case investigation. As we move forward to the one-year mark, we see the goal of 
processing all the elements that you need into your surveillance system, so taking that sort of incremental agile 
approach as you continue to build your ECR capacity. Then finally, the last goal is to process the ECR into both your 
primary and secondary surveillance systems so that all recordable data can be in the location that your team needs 
it to make decisions, As you can see, we also encourage the processing of ECR and other data environments that 
you might be using for different purposes, such as quality assurance or analytics or other reasons. We encourage 
you to think about this process, to look at those performance metrics, and to think about how your surveillance 
system will be able to support you in automatically capturing some of those performance metrics over time. 
 
Grace Mandel: For level two jurisdictions, but it can apply to level one as well, there's no reason you guys can't do 
this if you have the bandwidth and interest, and this is about accelerating your work with healthcare organizations. 
This work has been ongoing for many jurisdictions during COVID that's about expanding to the additional trigger 
code set for other conditions that are reportable in your jurisdiction within one year of the award. We put some 
targets that are specifically related to hospitals because we know that healthcare organizations onboard as part of 
an entire organization, so with hospitals will also come other healthcare providers. We do encourage you to think 
beyond hospitals and with a health equity approach - thinking through community access hospitals, federally 
qualified health centers. We're happy to talk to you about that. The hospitals was really meant to be a measure 
that's reflective of both hospitals and other providers – it’s just hospitals are easier to capture from a reporting 
perspective. 
 
Grace Mandel: This is our final activity: innovation using ECR. These activities are better suited for here to a 
proposed work. You will see inside the guidance, there is some specificity around what would be considered a 
jurisdiction that's ready to move forward, so we do have some activities that you should have met before you're 
ready to move forward to some of these innovation activities, innovation activities can be conditionally approved 
upon meeting those requirements, and the options are definitely creative. We’re interested in seeing what folks 
come back with, but we've included activities around evaluation and using, of course, the CDC evaluation 
framework, partnering with healthcare and utilizing the report ability response and some other activities. 
 
Paul Sutton: My name is Paul Sutton and I’m with National Center for Health Statistics and I'm going to talk about 
the tier three activities. Under tier three there's $77 million available for 24-month budget period, the same as all the 
other tiers. This tier is a little bit different than that though - they're only talking about 57 jurisdictions and those are 
the 57 jurisdictions that are currently part of the National Statistic System, or those that have the Sep contracts 
within DHS provide birth and death data. Each of those 57 jurisdictions will receive an equal share of the award, or 
approximately $1.35 million under this funding. 
 
Paul Sutton: The overarching strategy under this tier is to focus on increasing the interoperability within DHS, 
particularly on mortality reporting, but really across all vital statistics, and modernize the systems rapid reporting. It's 
understood that each jurisdiction is at a different level of readiness to do this, and that their technical capacity and 
human capacity will vary greatly. We built in some flexibility and how jurisdictions actually use the funding to address 
the required activities. 
 
Paul Sutton:  For all 57 jurisdictions, the goal is to move everybody closer, with the hopes of bringing a large 
percentage of the jurisdictions onboard with fire-based messaging interoperability within DHS by the end of the 
period performance. Again, all jurisdictions will be receiving the main same funding, but it's understood and there's a 
bit of flexibility comes in that beyond the requirements that I’ll go over in just a moment. Jurisdictions will have the 
ability to propose other vitals to six related modernization activities consistent with their unique needs and focuses 
within their own jurisdiction that build upon some of the other work that is required. 
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Paul Sutton: Looking at the specific requirements, the first requirement is really all about putting your plan together. 
All project jurisdictions will have 90 days to prepare their implementation plan. Then there will be another 90 days for 
jurisdictions to review and have discussions with jurisdictions. Those plans can be tweaked as necessary to make 
sure they align with the requirements, and also our meet a realistic timeline. 
 
Paul Sutton: Requirement two is really the meat of the work - that's where all the development is taking place, so the 
requirement here is to develop and maintain the technical capacity, both in human capacity and capacity to 
implement fire-based interoperability in NCHS, as well as any other optional monetization activities that the 
jurisdiction chooses to undertake with this funding. Implementation would, of course, be conducted in a phased 
approach that aligns with the timeline approved at the beginning of the projects. 
 
Paul Sutton: A little more detail on what the development would include - it includes making all necessary upgrades 
to existing systems implementing an API to support interoperability and then also engaging with the testing and 
piloting between the state and NCHS, both to advance the learning and the capacity of the jurisdictions, but also to 
prove that things are working in the debug systems as we're going through the development process. 
 
Paul Sutton: Once jurisdictions have done the development and everybody's comfortable that things are pretty much 
in place, there will be a required formal approval process before jurisdictions begin sending data to NHS using the 
fire messaging, which would be replacing the current text-based batch way that is submitted currently. Once 
jurisdictions are approved to begin sending data in that format, they would begin submitting data and using the fire 
messaging and they would cease using their legacy system for sending data. 
 
Paul Sutton: The third required activity is really about the communication piece in coordinating and providing 
technical assistance in these activities. There's a current NDSS or national vitals system modernization community 
of practice, and under this tier, all jurisdictions would be expected to participate in that community of practice. That 
community practice, when really formed the central way, that NCHS would be engaging with jurisdictions specifically 
related to tier three activities. We would certainly encourage jurisdictions to be very actively involved, but at a 
minimum, jurisdictions need to participate in at least some of these activities each month and those include just 
some basic presentations on monthly calls, but we also provide technical sub-group meetings to really get into the 
nuts and bolts in the technical details of system and things that jurisdictions would need to be doing. We have 
weekly office hours with our technical experts, where you can call in and talk to some of our technical experts as 
well, and we have several other opportunities that we’re are planning as well - one of those actually is to help 
kickstart this effort and provide that foundational knowledge that's needed even to begin to think about the 
proposals. Over the next four weeks, beginning next Wednesday, there'll be a series of NDSS modernization one-
on-one presentations and really talking about what modernization is: all about the basics of fire, and in the standards 
what an API is, what it takes to implement one, how the communication would access to meet - really some 
foundational things that would be very valuable as you move into the processes thinking about your what your work 
plan and timelines might be. To get involved in that community of practice you can go to our website and there is a 
link that you can send an email in request to be added to that distribution list to get information. We’ll also be 
sending information out to all of our partners in the vital records offices to make sure they're aware of that and can 
get involved in that community of practice as well. 
 
Paul Sutton: And then the optional activities: as I said, we understand that there's already a lot of jurisdictions that 
have already been making significant progress in this space. Some are not quite there yet, but many are close, and 
some systems are more modern and would be more readily adaptable to this technology, etc. Based on those 
various needs, jurisdictions can also propose other activities specifically related to modernizing their vitals systems. 
Examples might be: looking at upstream flows of data; looking at connecting the medical examiner coroner case 
management systems to their electronic registration systems; looking at integration between the jars and their 
electronic birth and death registration systems; looking at interoperability between death registration systems and 
some other state-based surveillance systems or registries; and also just providing some of the basic management 
and upgrading and maintenance of their existing IT systems if that's necessary. So that’s a very high-level overview 
of what we're looking for in this tier. 
 
Cassandra Frazier (CDC): Hello everyone I am Cassandra Frazier and I’m in the Center for Surveillance 
Epidemiology and Laboratory Services, in the data modernization implementation unit. An important component of 
this program is our ability to assess progress towards reaching data modernization outcomes. To inform monitoring 
and evaluation efforts, we will track performance measures for each tier. These performance measures will support 
continuous program monitoring, demonstrated accountability to stakeholders, and clarify program expectations and 
priorities.  The CDC is finalizing performance measures guidance and will provide it, and the program logic model, 







within 30 days. The guidance outlines the specific performance measures by tier and their required data elements, 
as well as any additional guidance to help clarify and guide your ability to report on the measures. To help 
streamline and reduce reporting burden for recipients, we incorporated existing data sources and ELC measures 
wherever possible. Recipients will be required to report on the CDC-defined performance measures and are 
expected to participate in other CC evaluation and performance management activities, and we will use REDCap to 
standardize reporting for all performance measures, unless otherwise noted. 








 
Accelerating Data Modernization in Jurisdictions webinar 


Q&A Summary 
If you’d like to listen to our full Q&A session, it begins at the 48-minute mark of the webinar recording.  


 
CSELS Office Hours will be held beginning August 18; calendar holds were sent to ELC Governance Team members and 
associated health department members via the ELC mailbox.  


 
Anticipated Funding Per Tier: 
My NOA didn’t break out funding by Tier.  How do I know what my jurisdiction is receiving per tier? 


• Tier 1 – $46M - Core Data Modernization Infrastructure 
• All 64 ELC recipients eligible for funding 
• For the most part, recipients are receiving an amount under Tier 1 similar to what they requested for C2 


during the BP3 Continuation. 
• If a recipient didn’t apply for C2 during BP3 continuation, recipients received $10,000 for this activity. 


• Tier 2 – $77M - Electronic Case Reporting (eCR) Scale-Up 
• All 64 ELC recipients eligible for funding; amount based on recipient eCR status.   
• Recipients have received an email from the CDC EDX mailbox notifying them of funding Level and 


Amount. 
• Level 1 – Funding Range $200,000 - $810,000 
• Level 2 – Funding Range $1,100,000 - $1,545,000 


• Tier 3 – $77M - National Vital Statistics (NVSS Modernization) 
• All 57 NVSS programs will receive an approximate award of $1,350,000 for this tier. 


• Please reach out to EDX@cdc.gov for questions about Tier 1 funding and ECR@cdc.gov for questions about Tier 
2 funding. 


 
Available CDC DMI Resources: 
Where can we learn more about CDC DMI projects that will provide services for all states? Are their opportunities for 
states to provide input into such services? 


• CDC is currently building out a web presence for additional DMI resources that are available to jurisdictions.  
Once the web presence is live, a notice will be sent out from EDX@cdc.gov. Availability of services for 
jurisdictional use (e.g., technical assistance) will be announced during national webinars (e.g., DMI Learning 
Collaborative or CSTE workgroup calls). Announcements of additional DMI projects that jurisdictions may use 
will occur during early phases in order to obtain additional feedback from jurisdictions.  


 
Tier 1 Questions:   
Is Tier 1- DMI workforce/assessment funding level for states who applied and were awarded C2 previously? Is there an 
opportunity to request additional funds? 


• Funds have been awarded and the total amount is locked within each tier, however the funds can be moved 
around to support related activities as part of the revised budget and workplan submission. 


 
Is a single person is supposed to assess each registry or system the health department has?  


• The assessment is not meant to be performed by single DMI lead. Instead, the DMI lead should coordinate and 
bring together representatives and subject matter experts (SMEs) from across your agency to complete the 
assessment together.  


 
The systems outlined in the DMI strategies as presented: Integrated surveillance, IIS, SYS, Vital Records, State Lab. Are 
the first focus of these 'agency' wide activities? 


• The systems outlined in the strategies are meant to be a starting point for the systems to be included in the 
system assessment. Jurisdictions are highly encouraged to include systems that are used throughout the public 
health agency. 
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Is the Tier 1 leader position about communicable disease information flow or all systems in the department? 


• The Tier 1 DMI lead is not meant to focus on communicable disease information flow, but to coordinate across 
the entire health department. The assessments and subsequent plans should include all health information 
systems that are used in health department and how they can be modernized to increase data exchange and 
interoperability. 


 
Seems like a lot for one person to coordinate CD reporting, IT systems, laboratory ELR, HIEs for large population states 
with multiple jurisdictions and many different ELR/EMR systems - it will require a variety of expertise to be successful. 


• The DMI Lead should coordinate and bring together representatives and SMEs from across the agency to 
complete the assessment together. Bringing together experts in each of their respective areas will ensure an all-
encompassing approach towards the assessment as well as future strategic planning. 


 
Immunization Information Systems (IIS) was not mentioned specifically - is it included? 


• IIS should be included in the overall assessment. 
• Interoperability projects related to immunization information systems may be supported in either Project C1 or 


Tier 1 (Base Data Modernization). 
• As a general reminder, COVID supplemental funds do allow for the enhancing or replacement of IIS; however 


continued funding and support will not be available through future core ELC funding. It is highly recommended 
that you work with your immunization programs to plan for long-term sustainability of the systems. 


 
Are there tools for the data inventory? 


• CDC does not currently have tools available to help with data inventory; however, we are interested to hear 
from jurisdictions on what would be most helpful (e.g., additional guidance, templates, etc.) 


 
Can you say a bit more about contractors available for assisting states in evaluation of systems? 


• CDC has set up a contract with a third party to provide technical assistance to jurisdictions on a variety of topic 
areas, including system evaluation and assessment. More details about how to request assistance will be 
provided at a later date. 


 
Tier 2 Questions: 
Can we ask TA/EDX to help assess our 'level' for eCR? 


• The level of funding for eCR was determined by jurisdictional responses to the quarterly and semi-annual 
performance metrics, and information provided during monitoring calls. E-mails were sent by the edx@cdc.gov 
team to each jurisdiction with information about your level. In addition, technical assistance is available for a 
wide range of eCR-related activities including support for planning, authoring and epidemiology, utilizing case 
data and in modification of technical systems, along with support for recruitment and onboarding of healthcare. 
Please reach out to ecr@cdc.gov for access technical assistance. 


 
Is there any companion funding for hospitals to be ready on eCR from other federal mechanism that we should be aware 
of or coordinating with? 


• Hospitals participating in the CMS Promoting Interoperability Program are required to implement eCR starting in 
January of 2022. The incentive payment will help ensure that hospitals move forward with eCR. CDC is not aware 
of any additional companion funding for hospitals specifically targeting implementation of Promoting 
Interoperability public health measures. 


 
Are we allowed to provide incentives to facilities with Tier 2 funding for eCR participation? 


• Incentives to facilities are an allowable expense. The CMS Promoting Interoperability Program is designed as an 
incentive for hospitals to implement eCR, which should lessen the need for public health agencies to incentivize 
hospitals. CMS has also published a Notice of Proposed Rulemaking which would also require MIPS providers to 
onboard to eCR in order to receive the Promoting Inoperability Program incentive payment. This proposed rule 
is currently open for public comment.  (answer continues on next page) 
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• We encourage jurisdictions that plan incentives and recruitment activities to support healthcare organizations 


that reach underserved populations. For example, support to tribal healthcare organizations, FQHCs, clinics that 
serve homeless individuals or LGBTQ++ community members, or rural healthcare organizations would be 
appropriate. Onboarding to eCR occurs at a healthcare organization level and not a facility level, so we 
encourage jurisdictions to think strategically about the design. In practice, some jurisdictions experience 
difficulty implementing incentive funding and sometimes the promise of incentive funding can serve to slow 
down otherwise willing organizations. Please note that funding a new EHR product for a healthcare organization 
or a local health department is not an allowable expense under eCR.   


 
Tier 3 Questions: 
Can funds provided through this funding opportunity be used to support qualifying projects (i.e., vital statistics 
modernization project) started prior to this funding? 


• Yes, jurisdictions may use Tier 3 funds to continue or complete vital statistics modernization projects started 
prior to this funding, provided all required Tier 3 activities are also undertaken. 


  
 Is CDC/NCHS considering using a cohort approach for this? (i.e., grouping jurisdictions to help move them forward) 


• CDC/NCHS is not currently considering a formal cohort approach; however, we do plan to offer jurisdictions the 
opportunity to participate in subgroups within the NVSS Community of Practice working on similar 
modernization challenges. 


 
Is CDC planning to ask vital stats to find ways to automatically and electronically exchange data with surveillance 
programs in their own jurisdictions as part of this ELC tier?  


• Automatically/electronically exchanging data with surveillance programs in their own jurisdiction is not a 
required activity under Tier 3. However, beyond the required activities, jurisdictions are encouraged to prioritize 
and propose vital statistics modernization activities consistent with available Tier 3 funding. 


  
What if the $1.35M won’t get us to the point in activity 2 to fully modernize all systems and have FHIR?  


• CDC does not expect that every jurisdiction will fully implement FHIR-based interoperability within the 24-month 
performance period.  Jurisdictions that cannot fully implement should develop a project plan that moves them 
as close as possible to implementation within the available funding and time constraints. 


  
Is the FHIR data exchange only for COVID-19 related death records? 


• No, with Tier 3 funds, jurisdictions are required to develop the technical capacity and systems needed to 
implement FHIR-based interoperability with NCHS for all deaths occurring in the jurisdiction and reported to 
NCHS. 


  
How is maturity level being defined? 


• Maturity level is used here as a relative rather than an absolute concept. More mature jurisdictions will have 
more technical capacity and/or more modern systems allowing them to support FHIR-based interoperability 
more readily. More technically mature jurisdictions will have existing technical capability, experience, and 
systems; they need to use less of the available Tier 3 funding to undertake the required Tier 3 activities.     


  
Will the funds go to an assessment of maturity, capacity, and capabilities? 


• Jurisdictions may use Tier 3 funds for an assessment of maturity, capacity, and capabilities related to vital 
statistics modernization, provided all required Tier 3 activities are also undertaken. 
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Rezwana Uddin
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Friday Feature: Posters for Correctional and Detention Facilities





Persons living in correctional facilities are at higher risk for getting COVID-19. CDC has updated its Correctional and Detention Facilities landing page to include Posters for Correctional and Detention Facilities under its “Featured Resources section.” These posters were developed in collaboration with correctional facilities, state health departments, and non-governmental organizations to support COVID-19 recommendations for Federal, State, and Local Governments and Health Departments. All materials are free for download and may be printed on a standard office printer, or a commercial printer.





 





MMWR





*	Alternative Methods for Grouping Race and Ethnicity to Monitor COVID-19 Outcomes and Vaccination Coverage. Link here.





 





CDC Resources   





Community





*	How to Engage the Arts to Build COVID-19 Vaccine Confidence: CDC shares field guides, resources, and examples public health professionals, health communicators, teachers, and community organizations can use in their work to increase COVID-19 vaccination confidence and demand through the arts.


*	Operational Considerations for Community Isolation Centers (CICs) for COVID-19 in Low-Resource Settings: CDC has updated guidance to include recommendations to increase ventilation in CICs and encourage community healthcare workers to be vaccinated for COVID-19 when the vaccine becomes available to them to reduce the risk of COVID-19 infection and hospitalization from working in high-risk settings.


*	New CDC-Funded Pilot Program in Georgia Uses Public Art to Increase Confidence in COVID-19 Vaccination: To help build confidence in and increase demand for COVID-19 vaccination, CDC is partnering with the Georgia Department of Public Health (DPH) and several other organizations on an innovative community initiative leveraging local artists as trusted vaccine messengers.





Science and Data 





*	Key Things to Know About COVID-19 Vaccines: The FDA amended the Emergency Use Authorization for the Pfizer-BioNTech COVID-19 Vaccine and Moderna COVID-19 Vaccine to allow an additional dose to be administered to people with moderately to severely compromised immune systems after an initial 2-dose series. The Advisory Committee on Immunization Practices (ACIP) met today to discuss a recommendation on additional doses for this population. Slides from the ACIP meeting are available.


*	Selected Adverse Events Reported after COVID-19 Vaccination: Serious adverse events after COVID-19 vaccination are rare but may occur. CDC is providing timely updates on the following serious adverse events of interest including Anaphylaxis, Thrombosis with thrombocytopenia syndrome (TTS), Myocarditis and pericarditis, and death.


*	COVID-19 Vaccines During Pregnancy: Based on new evidence about the safety of the COVID-19 vaccines, CDC is strengthening its recommendation for all people 12 years and older, including people who are pregnant, breastfeeding, trying to get pregnant now, or might become pregnant in the future.


*	CDC Diagnostic Tests for COVID-19: CDC Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay permits public health laboratories to run three tests in a single reaction. The Flu SC2 Multiplex is more efficient in its use of test reagents, allows higher throughput, and simultaneously gives accurate results about the presence of SARS-CoV-2, influenza A, and influenza B nucleic acid in a patient specimen. 


*	Delta Variant: What we Know about the Science: Delta is currently the predominant strain of the virus in the United States. The link provides a high-level summary of what CDC scientists have recently learned about the Delta variant.





Work and School





*	Construction COVID-19 Checklists for Employers and Employees: CDC has updated a checklist to share ways employers can protect construction workers as well as content for employees to slow the spread of COVID-19. This tool aligns with What Construction Workers Need to Know about COVID-19.





 





Upcoming Meetings





*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 16th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. To register for this event, please click here. 


*	CDC Federal Snapshot: K-12 Guidance Update: Tuesday, August 17th, 3:00-4:30 PM ET, NACCHO will host a webinar to hear from CDC on recently updated Guidance for COVID-19 Prevention in K-12 Schools as well as the COVID-19 Guidance for Operating Early Care and Education/Child Care Programs. Additionally, Janssen will present on the Johnson & Johnson vaccine. To register for this event, please click here.


*	Insight and Inspiration: Monthly Conversations for Public Health Leaders in the Era of COVID-19: Wednesday, August 18th, 4:00-4:45 PM ET, ASTHO hosts a resilience-focused webinar series aimed to equip public health practitioners with perspectives they can apply in the COVID-19 response and beyond. To register for this event, please click here.


*	JUNTOS SÍ PODEMOS Virtual Town Hall - A Community Conversation: Thursday, August 19th, 12:00-1:30 PM ET, the Latinx Voces en Salud Campaign is hosting a virtual town hall in English and Spanish for community conversations about COVID-19 vaccines and school reopening. To register for this event, please click here.


*	COVID-19 Leadership - Best Practices for Team Leads: The National Network of Disease Intervention Training Centers is hosting multiple multi-day trainings throughout August and September for a skills-based course designed for public health leaders who manage case investigators and contact tracers supporting COVID-19 programs. To register for a training course, please click here.





 





Additional Resources





*	HHS COVID-19 Monoclonal Antibody Communications Toolkit


*	U.S. Department of Education Return to School Roadmap


*	Back to School Toolkit | WECANDOTHIS.HHS.GOV


*	Guide to On-Site Vaccination Clinic for Schools | WECANDOTHIS.HHS.GOV


*	Beyond School Supplies: Back to School Reminders & Readiness


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand - Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   





 





 





References to non-CDC sites are provided as a service and do not constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL addresses listed were current as of the date of publication.
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Back to School Week of Action:


 


	


 	


HHS Office of Intergovernmental and External Affairs COVID-19 Update for
August 12, 2021  


BACK TO SCHOOL WEEK OF ACTION


We've kicked off the Back to School Week of Action to promote COVID-19 vaccination for students and parents, teachers and school staff, and our communities! Our mission is to keep each other safe from the COVID-19 virus by promoting vaccines to those who are still unvaccinated, especially as many return to school. Anyone 12 and older is eligible for the vaccine and can find an appointment at vaccines.gov. As trusted messengers, we know that your voices will help reach more people who still need to be protected.
Here are some resources to help with Back to School efforts:  





*	A Back to School toolkit (English and Spanish ) for school district leaders, teachers, parent leaders, and school supporters that want to help increase confidence in and uptake of COVID-19 vaccines in their school. Toolkit includes vaccination clinic guides, resources for parent leader meetings, and more. 


*	Visit our resource hub with materials on how to reach for students, teens, parents, and young adults as health professionals, organizations, and community leaders. 





If you’re looking to get involved and take action for the week, you can find ways to participate during August 7 through August 15 here.  


HIGHLIGHTS FROM THE WHITE HOUSE COVID-19 RESPONSE TEAM BRIEFING


Watch the White House COVID-19 Response Team Briefing here. 

Jeff Zients 





*	Update on the Delta Variant: Mr. Zients highlighted the rising case numbers, due to the Delta variant, clustered in communities with lower vaccination rates. Zients stated, “In the past week, Florida has had more COVID cases than all 30 states with the lowest case rates combined, and Florida and Texas alone have accounted for nearly 40% of all new hospitalizations across the country.” 


*	Efforts to Get More Americans Vaccinated : Mr. Zients emphasized the continued efforts being made to vaccinate more Americans. For the first time, since mid-June, the United States is averaging about a half million people getting newly vaccinated every day. Over the past week, 3.3 million Americans received their first shot and in the past month, double the number of 12 to 17-year olds are getting newly vaccinated. The states with the highest case rates are seeing the most vaccination progress. The President recently announced the requirement of vaccination for nearly four million Federal workers. State and local governments, businesses, healthcare systems, universities, and other institutions are stepping up and requiring COVID vaccinations. Mr. Zients stated, “Vaccination requirements are gaining momentum across the country… they will help keep people in communities safe, and held stop the spread of the virus.”








Dr. Walensky 





*	Case Update: Dr. Walensky stated that on August 11, the CDC reported 132,384 new cases of COVID with a 7-day average of about 113,000 cases per day, representing an increase of nearly 24% from last week. Hospitalizations admissions are about 9,700 per day, representing an increase of nearly 31% from last week. The daily deaths have also increased to about 452 per day, representing an increase of 22%. Dr. Walensky stated that, “now, over 90% of counties in the United States are experiencing substantial or high transmission… those at highest risk remain people who have not yet been vaccinated.” 


*	Vaccinations and Pregnant People: Dr. Walensky highlighted that pregnant people are at higher risk for severe COVID-19; in response, the CDC is strengthening their guidance for recommending all pregnant people or people who plan on becoming pregnant get vaccinated. There is new data that reaffirms the safety of the COVID-19 vaccines for people who are pregnant, including those early in pregnancy and around the time of conception. Dr. Walensky stated, “The increased circulation of the highly contagious Delta variant, the general low vaccine uptake among pregnant people and the increased risk of severe illness and pregnancy complications related to COVID-19 infection among pregnant people make vaccination for this population more urgent than ever.” 


*	Vaccinations for People who are Moderately to Severely Immune-Compromised: Dr. Walensky stated that emerging data shows that certain people who are immune-compromised, such as people who have had organ transplants and some cancer patients, may not have had an adequate immune response to just two doses of the vaccine. The CDC is working to identify how best to provide increased protection to these vulnerable people, who are disproportionately impacted by severe outcomes caused by COVID-19. FDA is working with Pfizer and Moderna to allow boosters for these vulnerable people. An additional dose could help increase protection for these individuals, which is especially important as the Delta variant spreads. Dr. Walenksy stated, “Following FDA’s decision, CDC will hold a meeting of its advisory committee on immunization practices tomorrow to discuss this issue and offer their expert insights and recommendations. We look forward to that discussion and to helping support this vulnerable population.” 








Dr. Fauci 





*	Outbreak of Delta Variant: Dr. Fauci highlighted that we are currently experiencing a global outbreak of the Delta Variant. Now, at least 117 counties have the Delta variant since it was first detected.  Dr. Fauci reiterated the transmissibility and higher viral load of the Delta variant compared to other variants such as the Alpha. In regard to breakthrough infections, Dr. Fauci stated, “The breakthrough infections – namely infections that occur in the setting of full vaccination – were mild in 96%, moderate in 3%, severe in less than 0.05%, with death in less than 0.05%.”








Dr. Nunez-Smith 





*	Updates on Vaccination Equity: Dr. Nunez-Smith noted that the majority of people who are getting vaccinated through the direct federal program, such as community health centers, dialysis centers, and federal retail pharmacy partners, are self-identifying as people of color. Since vaccines became available to everyone over the age of 12, the majority of those receiving doses have identified as people of color. Dr. Nunez Smith stated, “The work in this phase of the vaccination campaign remains hyper-local, and that’s why the Biden-Harris administration will continue to work just hand in hand with states and territories, tribes, cities, always centering our partnerships with faith-based and community-based organizations, supporting that trusted outreach work that needs to be done.” 


*	Monoclonal Antibody Treatment: Dr. Nunez-Smith reiterated that monoclonal antibodies work. Dr. Nunez-Smith stated, “Over the course of the entire pandemic, more than 600,000 patients across the country have received monocle antibody treatments. That’s hospitalizations averted and lives saved.”





VACCINE UPDATES


President Biden’s Meeting with Business, University, and Health Care Leaders on COVID- 19 Vaccination Requirements: President Biden virtually met with four business, university, and health care leaders who have adopted COVID-19 vaccination requirements for their workforces. The President expressed his appreciation for these leaders stepping up to protect the lives of their employees and communities. During the meeting, the leaders shared how they arrived at their decision to require vaccinations and how they are working to implement their own requirements.

Secretary Becerra to Require COVID-19 Vaccinations for HHS Health Care Workforce: To increase vaccination coverage and protect more people from COVID-19, including the more transmissible Delta variant, the U.S. Department of Health and Human Services (HHS) will require more than 25,000 members of its health care workforce to be vaccinated against COVID-19 . Staff at the Indian Health Service (IHS) and National Institutes of Health (NIH) who serve in federally-operated health care and clinical research facilities and interact with, or have the potential to come into contact with, patients will be required to receive the COVID-19 vaccine. This includes employees, contractors, trainees, and volunteers whose duties put them in contact or potential contact with patients at an HHS medical or clinical research facility. Additionally, U.S. Surgeon General Dr. Vivek Murthy will immediately require members of the U.S. Public Health Service Commissioned Corps to be vaccinated against COVID-19 as part of medical readiness procedures to prepare for any potential deployment need as emergency responders.

Vaccination Program Operational Guidance: The CDC released guidance for jurisdictions planning to operate COVID-19 vaccination clinics. To meet vaccination goals, jurisdictions are planning for and operating multiple, temporary, large- and small-scale vaccination sites, both fixed location and mobile, as strategies to vaccinate more of the population rapidly. This guidance provides information that informs the planning and operations of all types and sizes of vaccination clinics, including key considerations to maximize throughput at vaccination sites in large venues, drive-through vaccination clinics, and smaller-scale mobile vaccination venues.

Lab Tests After Severe Allergic Reaction: CDC released information on lab tests after severe allergic reactions following the COVID-19 vaccine . While there are no specific lab tests that can definitively diagnose the cause of a severe allergic reaction (e.g., anaphylaxis) following COVID-19 vaccination, in the United States, two commercially available lab tests can be ordered by healthcare providers and processed through healthcare facilities to better characterize a severe allergic reaction. This document provides an overview of the timing and procedure for collecting blood samples for these lab tests.	 


INFORMATION FOR SPECIFIC POPULATIONS


COVID-19 Immunizations Requirements for Personnel Working in IHS Health Care Facilities: Indian Health Services released a Special General Memorandum (SGM) to establish an Indian Health Service (IHS) requirement for COVID-19 immunizations for all personnel working in an IHS health care facility. HIS also released a COVID-19 vaccine requirement Q&A page.

ACL Program Reporting Guidance: The Administration for Community Living (ACL) issued guidance regarding programmatic reporting on the “American Rescue Plan Act of 2021” grant funds provided to state Adult Protective Services (APS) programs. This reporting guidance mirrors that provides for the Coronavirus Response & Relief Supplemental Appropriations Act of 2021: Grants to Enhance APS to Respond to COVID-19, except for the reporting periods.

Community Health Workers Support of Home-based Care: CDC updated their information on community health workers support of home-based care . CDC updated their page to include: updates on the use and accuracy of pulse oximeters for certain populations, especially those with darker skin pigmentation, and recommendations for community healthcare workers to get vaccinated for COVID-19 to ensure they are protected during exposure to high-risk settings.

Non-emergency Transportation for Tribal Communities: CDC updated their information on non-emergency transportation for tribal communities, to include digital resources. 

V-safe: CDC released new resources for v-safe, a smartphone-based tool that uses text messaging and web surveys to provide personalized health check-ins after you receive a COVID-19 vaccination. CDC included information on how to enroll your dependents in v-safe and how to complete a v-safe check-in. 

Families and COVID-19: CDC released information for parents and caregivers on how to protect their families from COVID-19. Not everyone is able to get vaccinated, so you may be confused about how to keep your family safe, especially if your family has vaccinated and unvaccinated members. This guidance provides things to think about and ways to help family members cope. 

How to Engage the Arts to Build COVID-19 Vaccine Confidence: CDC released information on how to engage the arts to build COVID-19 vaccine confidence. Arts and cultural engagement can generate community demand for COVID-19 vaccines by making vaccination an accessible and socially supported choice. CDC shares field guides, resources, and examples that public health professionals, health communicators, teachers, and community organizations can use in their work to increase COVID-19 vaccination confidence and demand through the arts.	 


RESEARCH


COVID-19 Vaccination Safe for Pregnant People: CDC released new data on the safety of the COVID-19 vaccines in pregnant people and is recommending all people 12 years of age and older get vaccinated against COVID-19. “CDC encourages all pregnant people or people who are thinking about becoming pregnant and those breastfeeding to get vaccinated to protect themselves from COVID-19,” said CDC Director Dr. Rochelle Walensky. COVID-19 vaccination is recommended for everyone 12 years of age and older, including people who are trying to get pregnant now or might become pregnant in the future , as well as their partners. View information on extra precautions for pregnant people. View monitoring systems for pregnant people. Find more about pregnancy or breastfeeding and COVID-19. View information on investigating the impact of COVID-19 during pregnancy

NIH Launches Study of Third COVID-19 Vaccine Dose in Kidney Transplant Recipients: A pilot study has begun to assess the antibody response to a third dose of an authorized COVID-19 mRNA vaccine in kidney transplant recipients  who did not respond to two doses of the Moderna or Pfizer-BioNTech COVID-19 vaccine. The Phase 2 trial is sponsored and funded by the National Institute of Allergy and Infectious Diseases (NIAID), part of the National Institutes of Health.

A Potential Home Treatment for COVID-19: Researchers at NIH’s Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) have identified a potential new treatment for COVID-19 — TEMPOL — that can be taken orally and may stop the replication of SARS-CoV-2, the virus that causes COVID-19. This treatment would likely prevent severe disease. Just as humans need minerals in their diet, researchers found that SARS-CoV-2 needs clusters of iron and sulfur minerals to replicate in cells. TEMPOL breaks up these clusters and stops the virus from multiplying. This action might prevent severe COVID-19. A clinical trial will test the ability of TEMPOL to reduce hospitalizations for people with COVID-19.

Use of COVID-19 Vaccines After Reports of Adverse Events Among Adult Recipients: CDC released an MMWR on the use of COVID-19 vaccines after reports of adverse events among adult recipients of Jassen and mRNA COVID-19 vaccines . Rare serious adverse events have been reported after COVID-19 vaccination, including Guillain-Barré syndrome (GBS) and thrombosis with thrombocytopenia syndrome (TTS) after Janssen COVID-19 vaccination and myocarditis after mRNA (Pfizer-BioNTech and Moderna) COVID-19 vaccination. On July 22, 2021, the Advisory Committee on Immunization Practices reviewed updated benefit-risk analyses after Janssen and mRNA COVID-19 vaccination and concluded that the benefits outweigh the risks for rare serious adverse events after COVID-19 vaccination. Continued COVID-19 vaccination will prevent COVID-19 morbidity and mortality far exceeding GBS, TTS, and myocarditis cases expected. Information about rare adverse events should be disseminated to providers, vaccine recipients, and the public. 

Grouping Race and Ethnicity to Monitor COVID-19 Outcomes and Vaccination Coverage: CDC released an MMWR on alternative methods for grouping race and ethnicity to monitor COVID-19 outcomes and vaccination coverage. Analyses of race and ethnicity in COVID-19 data to identify and monitor disparities are complicated by missing or unknown data. Methods that use more race information when ethnicity information is missing resulted in higher estimated COVID-19 case counts, incidence, and vaccination coverage for most racial groups studied; however, these methods have limitations and warrant further examination of potential bias. Ongoing work with experts is needed to identify methods for optimizing race and ethnicity data when data are incomplete. Multiple data sources are needed to monitor disparities and continued efforts are needed to strengthen the reporting of these data, consistent with CDC’s Data Modernization Initiative.

Effectiveness of COVID-19 Vaccines in Preventing Hospitalization: CDC released an MMWR on the effectiveness of the COVD-19 vaccine in preventing hospitalizations among adults aged ≥65 years. This report was released as an MMWR Early Release on August 6. Clinical trials of COVID-19 vaccines currently authorized for emergency use in the United States (Pfizer-BioNTech, Moderna, and Janssen [Johnson & Johnson]) have shown high efficacy in preventing symptomatic (including moderate to severe) COVID-19. Among adults aged 65–74 years, effectiveness of full vaccination for preventing hospitalization was 96% for Pfizer-BioNTech, 96% for Moderna, and 84% for Janssen COVID-19 vaccines; among adults aged ≥75 years, effectiveness of full vaccination for preventing hospitalization was 91% for Pfizer-BioNTech, 96% for Moderna, and 85% for Janssen COVID-19 vaccines. Efforts to increase vaccination coverage are critical to reducing the risk for COVID-19–related hospitalization, particularly in older adults. 

Rapid Increase in Circulation of the Delta Variant: CDC released an MMWR on the rapid increase in circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant. This report was released as an MMWR Early Release on August 6. The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 has become the predominant circulating U.S. strain. During April–June 2021, COVID-19 cases caused by the Delta variant increased rapidly in Mesa County, Colorado. Compared with that in other Colorado counties, incidence, intensive care unit admissions, COVID-19 case fatality ratios, and the proportion of cases in fully vaccinated persons were significantly higher in Mesa County. Crude vaccine effectiveness against symptomatic infection was estimated to be 78% for Mesa County and 89% for other Colorado counties. Vaccination is critical for preventing infection, serious illness, and death associated with SARS-CoV-2 infection (including the Delta variant). Multicomponent prevention strategies, such as masking in indoor settings irrespective of vaccination status as well as optimal surveillance testing and infection prevention and control, should be considered in areas of high incidence.

Reduced Risk of Reinfection After COVID-19 Vaccination: CDC released an MMWR on the reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination. This report was released as an MMWR Early Release on August 6. Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available. Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated. To reduce their likelihood for future infection, all eligible persons should be offered a COVID-19 vaccine, even those with previous SARS-CoV-2 infection. The CDC Newsroom issued a media statement on the study. 

Case Forecasts: This week’s national ensemble predicts 550,000 to 2,340,000 new cases likely reported in the week ending September 4, 2021. Over the last several weeks, more reported cases have fallen outside of the forecasted prediction intervals than expected. This suggests that current forecast prediction intervals may not capture the full range of uncertainty. Because of this, case forecasts for the coming weeks should be interpreted with caution. View previous case forecasts. 

Hospitalization Forecasts: This week’s national ensemble predicts that the number of new daily confirmed COVID-19 hospital admissions will likely increase over the next 4 weeks, with 9,600 to 33,300 new confirmed COVID-19 hospital admissions likely reported on September 6, The state- and territory-level ensemble forecasts predict that over the next 4 weeks, the number of daily confirmed COVID-19 hospital admissions will likely increase in 43 jurisdictions, which are indicated in the forecast plots below. Trends in numbers of future reported hospital admissions are uncertain or predicted to remain stable in the other states and territories. View previous hospitalization forecasts.

Death Forecasts: This week’s national ensemble predicts that the number of newly reported COVID-19 deaths will likely increase over the next 4 weeks, with 3,300 to 12,600 new deaths likely reported in the week ending September 4, 2021. The national ensemble predicts that a total of 630,000 to 662,000 COVID-19 deaths will be reported by this date. The state- and territory-level ensemble forecasts predict that over the next 4 weeks, the number of newly reported deaths per week will likely increase in 28 jurisdictions, which are indicated in the forecast plots below. Trends in numbers of future reported deaths are uncertain or predicted to remain stable in the other states and territories. View previous death forecasts.	 
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COVID-19 vaccine doses, results from the August 13, 2021, Advisory Committee on
Immunization Practices (ACIP) meeting, and CDC’s guidance on additional COVID-19
doses in immunocompromised people. Call information is below:

Weblink: 
 

Telephone: 

Webinar ID:  
Passcode: 
Post-Event Recording:

CDC Media Statement on Additional COVID -19 Dose Recommendation [Attachment, Link]
On Friday, August 13, CDC Director Rochelle P. Walensky, MD, MPH, issued a media
statement (attached) on signing the CDC’s ACIP recommendation endorsing the use of
an additional dose of COVID-19 vaccine for people with moderately to severely
compromised immune systems after an initial two-dose vaccine series.
From the statement: “Emerging data suggest some people with moderately to severely
compromised immune systems do not always build the same level of immunity
compared to people who are not immunocompromised. In addition, in small studies,
fully vaccinated immunocompromised people have accounted for a large proportion of
hospitalized breakthrough cases (40-44%). Immunocompromised people who are
infected with SARS CoV-2 are also more likely to transmit the virus to household
contacts … At a time when the Delta variant is surging, an additional vaccine dose for
some people with weakened immune systems could help prevent serious and possibly
life-threatening COVID-19 cases within this population.”
The full statement is also available on CDC’s website here.

ELC  Webinar Recap: Accelerating Data Modernizations in Jurisdictions [Attachments, Link]
On Wednesday, August 11, the CDC’s Epidemiology and Laboratory Capacity (ELC) and
Project C2 teams hosted a webinar covering the recently announced Accelerating Data
Modernization in Jurisdictions supplement. Please see attached for a PDF of the
webinar slides, as well as a transcript and summary of the Q&A portion. A recording of
the webinar is also available to view here.

ASHTO Webinar: Leading Through Uncertainty [Link]
The Association of State and Territorial Health Officials (ASTHO) will host a webinar
Wednesday, August 18 at 4:00 pm EDT as part of its monthly webinar series Insight
and Inspiration: Monthly Conversations for Public Health Leaders in the Era of COVID-
19. This month’s topic is “Leading Through Uncertainty” and the featured speaker is
LTG (Ret.) Nadja West, the First African American Army Surgeon General and Former
Commanding General, U.S. Army Medical Command.
Registration is required and available via this link. Read more about LTG Nadja West
here.

Town Hall on COVID-19 Vaccines and School Reopening [Link]
The Latinx Voces en Salud Campaign will host a virtual town hall Thursday, August 19
at 12:00 pm EDT, in both English and Spanish for community conversations about
COVID-19 vaccines and school reopening. Community advocates and medical experts
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will engage in an open conversation to address concerns and answer questions about
the COVID-19 vaccine and school reopening guidelines.
Registration is required and available via this link.

 
 
 

Standing Updates
CDC Partner Update – August 13 [Attachment]

Please see attached for the latest update from CDC’s State, Tribal, Local, and Territorial
(STLT) Task Force.

HHS COVID-19 Update – August 12 [Attachment]
Please see attached for the latest COVID-19 updates from the HHS Office of
Intergovernmental and External Affairs. Updates typically include highlights from any
recent COVID-19 Response Team briefings, as well as vaccine, testing, treatment and
research updates, toolkits, and resources.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
link.

Request Form for CSTE COVID-19 Call Topics [Link]
CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
preparedness.cste.org
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Sent to State Epidemiologists, Deputy State Epidemiologists, CLUE, Infectious Disease Points of
Contact, and the CSTE Executive Board
 
Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information 
CSTE COVID-19 Position Statement – State Epi Letter  [Attachment, Link]

Yesterday, August 25, CSTE shared a letter (attached) with State and Territorial
Epidemiologists providing implementation information for the new 2021 COVID-19
case definition in the National Notifiable Diseases Surveillance System (NNDSS). For
cases identified beginning September 1, 2021, jurisdictions should use the case
definition approved by the Council on June 17, 2021 in 21-ID-01 (linked here).
Jurisdictions should not retroactively change the classification of cases reported prior
to September 1, 2021.
If you have any questions related to this letter, please send them to
positionstatements@cste.org and we will triage them with CDC.

Webinar Series: CDC Awardee COVID-19 Vaccine Response Planning  [Link]
CDC hosts a weekly webinar series every Wednesday at 3:30 pm ET to provide key on-
the-ground stakeholders with the latest information on COVID-19 vaccine planning and
distribution. These calls are an opportunity for a focused discussion on vaccine logistics
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Date:  August 24, 2021 


To:  U.S. State and Territorial Epidemiologists 


From:   Ruth Jajosky, D.M.D., M.P.H.; Surveillance and Data Branch; Division of Health 
Informatics and Surveillance; Center for Surveillance, Epidemiology, and Laboratory 
Services; Office of Public Health Scientific Services; Centers for Disease Control and 
Prevention (CDC) 


Subject:  Implementation of the new 2021 COVID-19 case definition in the National Notifiable 
Diseases Surveillance System starting September 1, 2021 


On June 17, 2021, the Council of State and Territorial Epidemiologists (CSTE) approved position 
statement 21-ID-01 titled “Update to the standardized surveillance case definition and national 
notification for 2019 novel coronavirus disease (COVID-19).” For cases identified beginning September 
1, 2021, jurisdictions should use the case definition approved on June 17, 2021, in position statement 
21-ID-01.  Jurisdictions should not retroactively change the classification of cases reported prior to 
September 1, 2021. 


CDC has posted the new 2021 COVID-19 case definition to the National Notifiable Diseases Surveillance 
System (NNDSS) website. The new 2021 COVID-19 case definition: 


• updates clinical criteria indicative of infection; 
• refines and expands laboratory criteria to include genomic sequencing;  
• updates epidemiologic linkage criteria and the definition of close contact; 
• acknowledges testing performed in non-traditional settings such as work sites, temporary 


testing sites, and homes;   
• specifies criteria for enumerating new cases in persons previously classified as a probable or 


confirmed case (i.e., reinfections); and 
• clarifies that a case meeting clinical criteria and epidemiologic linkage with no confirmatory or 


presumptive laboratory evidence for SARS-CoV-2 is classified as probable.  
 


The 2021 COVID-19 case definition replaces the previous interim 2020 COVID-19 case definition 
described in CSTE position statement Interim-20-ID-02, which was approved on August 5, 2020. Current 
and historical COVID-19 case definitions are available on the NNDSS website. 


As a reminder, the event code for COVID-19 is 11065 and is listed in the 2021 NNDSS event code list. 
COVID-19 continues to be designated immediately nationally notifiable. When CDC begins publishing 
COVID-19 data in the NNDSS tables, CDC will include case counts for confirmed and probable cases. 


As always, thank you for your dedication to surveillance and to prevention and control efforts, especially 
during the COVID-19 pandemic. 



https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021/

https://ndc.services.cdc.gov/conditions/coronavirus-disease-2019-covid-19/

https://ndc.services.cdc.gov/wp-content/uploads/2021/02/National_Notifiable_Diseases_Surveillance_System_Event_Code_List_2021_v1_2021JAN05.xlsx






     


 
 


Results of COVID-19 Vaccine Effectiveness 
Studies: An Ongoing Systematic Review 
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Johns Hopkins Bloomberg School of Public Health 


and 
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For comments or questions, please contact: Anurima Baidya at abaidya1@jhmi.edu or  
Karoline Walter at kwalte21@jhmi.edu. 
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 1. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness# 


(Detailed methods available on VIEW-hub Resources page:  https://view-hub.org/resources) 


# 


Reference 
(date) Country Design Population 


Dominant 
Variants 


History 
of COVID 


Vaccine 
Product 


Outcome 
Measure 


1st Dose VE  
% (95%CI) 


Days post 
1st dose± 


2nd Dose VE  
% (95% CI) 


Days post 
2nd dose 


Max 
Duration of 
follow up 
after fully 
vaccinated 


79 Tenforde et al 
(August 18, 
2021) 


USA Case control  1,194 cases and 
1,895 controls  


Alpha and 
Delta^ 
(March-July) 


Unknown BNT162b2 
or mRNA-
1273 


Hospitalization, all –– –– 86(82-88) 14+ 
 


~24 weeks 


Hospitalization, 
Non-immuno- 
compromised 


90(87-92) 


Hospitalization, 
Immuno-
compromised  


63(44-76) 


Alpha^ 
(March-May) 


Hospitalization, all  87(83-90) 


Delta^  
(June-July) 


Hospitalization, all  84(79-89) 


78 Chin et al 
(August 18, 
2021) 


USA Retrospective 
cohort 


60,707 


incarcerated 


people in 


California 


prisons 


Non-VOC^ Excluded BNT162b2 
or mRNA-
1273 


Documented 
infection, all 


74 (64-82) 14+ 97 (88-99) 14+ ~5 weeks 


Documented 
infection, cohort 
at moderate/high 
risk for severe 
COVID-19 


74 (62-82) 92 (74-98) 


mRNA-
1273 


Documented 
infection, all 


71 (58-80) 96 (67-99) 


77 Nanduri et al 
(August 
18,2021) 
 


USA Retrospective 
cohort 


10,428,783 


residents of 


skilled nursing 


facilities 


Non-VOC 


and Alphaⴕⴕ 


(Pre-Delta 
circulation) ^ 


Unknown BNT162b2 Documented 
infection 


–– –– 74.2 (69–78.7) 14+ ~16 weeks 


mRNA-
1273 


74.7(66.2-81.1) 
 


Alphaⴕⴕ 


(Delta 
circulating 
but not 
dominant) ^ 


BNT162b2 Documented 
infection 


66.5 (58.3-73.1) ~22 weeks 


mRNA-
1273 


70.4 (60.1-78.0) 


Delta^ 
 


BNT162b2 Documented 
infection 


52.4 (48–56.4) ~28 weeks 


mRNA-
1273 


50.6 (45–55.7) 


#76 Tang et al 
(August 11, 
2021) 


Qatar Test-negative 
case control  


2,175 cases 
with confirmed 
Delta infection 
and matched 


Delta^ Included BNT162b2 Documented 
infection 


65.5 (40.9-79.9) 14+ 
 


59.6 (50.7-66.9) 14+ ~25 weeks 


mRNA-
1273 


79.7 (60.8-89.5) 86.1 (78.0-91.3) 



https://view-hub.org/resources

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w

https://doi.org/10.1101/2021.08.16.21262149

http://dx.doi.org/10.15585/mmwr.mm7034e3

https://www.medrxiv.org/content/10.1101/2021.08.11.21261885v1
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controls (aged 
12+) 


BNT162b2 Severe, critical, or 
fatal disease 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated) 


97.3 (84.4-99.5) 


mRNA-
1273 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


BNT162b2 Symptomatic 
COVID-19 


76.3 (46.7-90.7) 56.1 (41.4-67.2) 


mRNA-
1273 


85.7 (62.7-95.7) 85.8 (70.6-93.9) 


BNT162b2 Asymptomatic 
COVID-19 


25.2 (0.0-78.7) 35.9 (11.1-53.9) 


mRNA-
1273 


57.4 (0.0-92.9) 80.2 (54.2-92.6) 


75 Chemaitelly et 
al (August 9, 
2021) 


Qatar Retrospective 
cohort 


782 kidney 
transplant 
recipients 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


–– –– 46.6 (0.0-73.7) 14+ ~17 weeks 


66.0 (21.3-85.3) 42+ 


73.9 (33-89.9) 56+ 


Severe infection  72.3 (0.0-90.9) 14+ 


85.0 (35.7-96.5) 42+ 


83.8 (31.3-96.2) 56+ 


74 Puranik et al  
(August 9, 
2021) 


USA Retrospective 
cohort 


77,607 adults  Alpha and 
Delta ^ 


Excluded BNT162b2 Documented 
infection  


16 (-20-42) 1-7 76 (69-81) 14+ ~ 26 weeks  


Hospitalization  75 (-30-97.4) 85 (73-93) 


ICU admission  100 (-430-100) 87 (46-98.6) 


mRNA-
1273 


Documented 
infection  


-10 (-50-24) 86 (81-90.6) 


Hospitalization  25 (-150-79) 91.6 (81-97) 


ICU admission  100 (-430-100) 93.3 (57-99.8) 


73 de Gier et al* 
(August 5, 
2021) 


Netherlands Retrospective 
cohort 


184,672 
household and 
other close 
contacts (aged 
18+) of 113,582 
index cases 
(aged 18+)  


Alpha^ Unknown AZD1222 Documented 
infection among 
household 
contacts (adj. for 
vaccination status 
of index case) 


2 (-11-14) 14+ 87 (77-93) 7+ ~15 weeks 


BNT162b2 -18 (-43-2) 65 (60-70) 


mRNA-
1273 


33 (-27-64) 91 (79-97) 


Ad26.COV2
.S 


12 (-71-54) ––  


72 Lefèvre et al 
(July 31,2021) 


France Retrospective 
cohort 


378 LTCF 
residents 


Beta^ Included BNT162b2 Documented 
infection 


55(13-76) 14+ up to 6 
days after 
2nd dose 


49(14-69) 7+ ~16 weeks 


Hospitalization 
and death  


86(32-97) 86(67-94) 


71 Alali et al  
(July 29,2021) 


Kuwait Retrospective 
cohort 


3,246 HCWs  Alpha^ Excluded BNT162b2 Documented 
infection 


91.4(65.1-97.9) 14+ 94.5(89.4-97.2) 7+ ~18 weeks  


AZD1222 Documented 
infection 


75.4(67.2-81.6) 28+ –– 



https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.06.21261707v2.full.pdf

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.28.21261285v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.07.25.21261083v1.full.pdf
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70 Gram et al 
(July 28, 2021) 


Denmark Retrospective 
cohort 


5,542,079 
adults  


Alpha^ Excluded Heterologo
us: 
AZD1222 
(1st dose) 
BNT162b2 
or mRNA-
1273(2nd 
dose) 


Documented 
infection 


31 (14-44) 77-83 88 (83-92) 14+ ~7.5 weeks 


Hospitalization 93 (80-98) 14+ not calculated 
due to no 
events in 
vaccinated 
group 


 


69 Amirthalingam 
et al  
(July 28,2021) 


UK Test-negative 
case control 


69,545 cases 
and 229,662 
test negative 
controls aged 
50+ 


Alpha^ Excluded  BNT162b2 Documented 
infection,  
80 y+ 


42 (31-52) 28+ 77 (56-88) 14+,  
dose interval 
19-29 days 


~16 weeks 


90 (83-94) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


53 (48-58) 77 (66-85) 14+,  
dose interval 
19-29 days 


89 (86-92) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
50-64y 


51 (47-55)   
88 (67-96) 


14+,  
dose interval 
19-29 days 


92 (91-94) 14+,  
dose interval 
65-84 days 


AZD1222 Documented 
infection,  
80 y+ 


42 (29-53) 
––  


82 (68-89) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


52 (46-56) 73 (25-90) 14+,  
dose interval 
30-44 days 


74 (69-79) 14+, 
dose interval 
65-84 days:  


Documented 
infection,  
50-64 y 
 
 


42 (39-46) 55 (34-69) 14+,  
dose interval 
30-44 days 


77 (74-79) 14+,  
dose interval 
65-84 days 


68 Kissling et al 
(July 22,2021) 


UK, France, 
Ireland, 
Netherlands, 
Portugal, 


Test-negative  592 cases and 
4,372 controls 
aged 65+ 


Alpha^ Excluded BNT162b2 Symptomatic 
COVID-19 


61(39-75) 14+ 87(74-93) 14+ ~16 weeks  



https://www.medrxiv.org/content/10.1101/2021.07.26.21261130v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.29.2100670
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Scotland, 
Spain, 
Sweden  


AZD1222 Symptomatic 
COVID-19 


68(39-83) —   


67# Carazo et al 
(July 22, 2021) 


Canada Test-negative 
case control 


5316 cases and 
53,160 test 
negative 
controls among 
HCWs 


Non-VOC 
and Alpha^ 


Excluded BNT162b2  Documented 
infection 


70.3 (68.1-72.4) 14+ 85.5 (80.4-89.3) 7+ ~20 weeks 


Symptomatic 
COVID-19 


72.8 (70.5-74.9) 92.2 (87.8-95.1) 


mRNA-
1273 


Documented 
infection 


68.7 (59.5-75.9) 14+  84.1 (34.9-96.1) 7+ 


Symptomatic 
COVID-19 


80.9 (74.3-85.8) —   


BNT162b2 
and mRNA-
1273 


Hospitalization 97.2 (92.3-99.0) 14+  —   7+ 


Alpha^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


60.0 (53.6-65.5) 14+  92.6 (87.1-95.8) 7+ 


Non-VOC^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


77.0 (72.6-80.7) 86.5 (56.8-95.8) 


66 Hitchings et al 
(July 22, 2021) 


Brazil Test-negative 
case control 


30,680 
matched pairs 
of adults aged 
60+ in Sao 
Paolo, Brazil 


Gamma^ Included 
(except in 
previous 
90 days) 


AZD1222 Symptomatic 
COVID-19 


33.4 (26.4-39.7) 28+  77.9 (69.2-84.2) 14+ ~9.5 weeks 


Hospitalization 55.1 (46.6-62.2) 87.6 (78.2-92.9) 


Death 61.8 (48.9-71.4) 93.6 (81.9-97.7) 


65 Kim et al  
(July 22, 2021) 


USA Test-negative 
case control 


812 US adults 
aged 16+ with 
COVID-19-like 
illness 


Non-VOC 


and Alphaⴕⴕ 


Unknown BNT162b2 
and mRNA-
1273 


Symptomatic 
COVID-19 


75 (55-87) 14+ up to 
14 days 
post 2nd 
dose 


91 (83-95) 14+ ~18.5 weeks 


64# Lopez Bernal et 
al* 
(July 21, 2021) 


UK Test-negative 
case control 


19,109 cases 
and 171,834 
test negative 
controls aged 
16+ 


Alpha^ 
 


Excluded BNT162b2 Symptomatic 
COVID-19 


47.5 (41.6–
52.8) 


21+  
 


93.7 (91.6–
95.3) 


14+ ~17 weeks 


AZD1222 Symptomatic 
COVID-19 


48.7 (45.2–
51.9) 


74.5 (68.4–
79.4) 


Delta^ 
 
 


BNT162b2 Symptomatic 
COVID-19 


35.6 (22.7–
46.4) 


88.0 (85.3–
90.1) 
 


AZD1222 Symptomatic 
COVID-19 


30.0 (24.3–
35.3) 


67.0 (61.3–
71.8) 


63 Butt et al* (July 
20, 2021) 


USA Test-negative 
case control 


54,360 
propensity-
matched pairs 
of veterans 


 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


85.0 (84.2-85.8) 0+  97.1 (96.6-97.5) 7+ ~6.5 weeks 


BNT162b2 Documented 
infection 


84.0 (82.7-85.1) 96.2 (95.5-96.9) 


mRNA-
1273 


Documented 
infection 


85.7 (84.6-86.8) 98.2 (97.5-98.6) 



https://www.medrxiv.org/content/10.1101/2021.07.19.21260445v1?__cf_chl_jschl_tk__=pmd_bcdb434047269247f3db715ba22d9e0f12ca97c5-1627444884-0-gqNtZGzNAfijcnBszQeO

https://www.medrxiv.org/content/10.1101/2021.07.19.21260802v1.full-text

https://www.medrxiv.org/content/10.1101/2021.07.20.21260647v1

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://pubmed.ncbi.nlm.nih.gov/34280332/
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62 Layan, Maylis 
et al 
(July 16,2021) 


Israel  Prospective 
cohort  


687 household 
contacts (HHCs) 
of 215 index 
cases from 210 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Documented 
infection among 
HHCs vaccinated 
and not isolated 
(relative to HHCs 
not vaccinated 
and not isolated) 


—   —   81 (60-93) 7+ ~12 weeks 


61 Balicer et al 
(July 12,2021) 


Israel  Prospective 
Cohort  


21722 pregnant 
women  


Original and 
Alpha^ 


Excluded BNT162b2  
 
 


Documented 
infection 


67 (40-84) 14-20 96 (89-100) 7-56 ~18 weeks  


71 (33-94) 21-27‡ 


Symptomatic 
COVID-19 


66 (32-86) 14-20 97 (91-100) 


76 (30-100) 21-27‡ 


Hospitalization —   —   89 (43-100) 


60 Butt et al  
(June 22,2021) 


Qatar Test-negative 
case control 


1255 pregnant 
women 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


40.3 (0.0-80.4) 14+ 67.7 (30.5-86.9) 14+ ~17 weeks  


59 Prunas et al 
(July 16, 2021) 


Israel Retrospective 
cohort 


253,564 Israeli 
individuals 
from 65,264 
households 
with at least 1 
infected 
individual and 
at least 2 
members 


Original and 
Alpha¶  


Unknown  BNT162b2 Documented 
infection among 
household 
contacts 


—   —   80.5 (78.9-82.1) 10+ ~8.5 weeks 


58 Whitaker et al 
(July 9,2021) 


UK Prospective 
cohort  


5,642,687 
patients 
reporting to 
718 English 
general 
practices  


Original and 


Alpha 


Included BNT162b2 Symptomatic 
COVID-19  


48.6 (27.9-63.3) 28-90‡ 93.3 (85.8-96.8) 14+ ~20 weeks  


AZD1222 50.2 (40.8-58.2) 78.0 (69.7-84.0) 


57 John et al  
(July 13,2021) 


USA Retrospective 
cohort  


40,074 patients 
with cirrhosis 
within Veterans 
Health 
Administration, 
propensity 
matched 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


64.8 (10.9-86.1) 28+ 
(including 
some with 
dose 2) 


78.6 (25.5-93.8) 7+ ~10 weeks  


Hospitalization 100.0 (99.3-
100.0) 


100.0 (99-100) 


COVID-19 related 
death  


100.0 (99.3-
100.0) 


100.0 (99-100) 


56 Bertollini et al  
(July 13, 2021) 


Qatar  Prospective 
cohort  


10,092 
matched pairs 
of Qatari adults 
arriving at an 
international 
airport.  


Original, 
Alpha and 


Beta^ 


Included BNT162b2 
and mRNA-
1273 


Documented 
infection  


—    78 (72-83) 14+ ~4 weeks  


55 Goldshtein et al 
(July 12,2021) 


Israel  Retrospective 
cohort   


15060 pregnant 
Israeli women 


Original and 
Alpha¶ 


Excluded  BNT162b2 Documented 
infection 


54 (33-69) 11-27, 
including 
some with 
dose 2 


  —  ~5 weeks 



https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://assets.researchsquare.com/files/rs-665725/v1/e8e87f01-5671-4543-8c79-240d4677a984.pdf?c=1626107519

https://www.researchsquare.com/article/rs-622782/v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://khub.net/documents/135939561/430986542/RCGP+VE+riskgroups+paper.pdf/a6b54cd9-419d-9b63-e2bf-5dc796f5a91f

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2782121

https://jamanetwork.com/journals/jama/fullarticle/2781112

https://jamanetwork.com/journals/jama/fullarticle/2782047
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78 (57-89) 28+, 
includes 
some with 
dose 2 


54# Chemaitelly et 
al* (July 9, 
2021) 


Qatar Test-negative 
case-control 


25,034 
matched pairs 
of adults 


Alpha^ Unknown mRNA-
1273 
 


Documented 
infection 


88.2 (83.8-91.4) 14+ days, 
prior to 2nd 
dose 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated 
persons) 


14+ 13 weeks 


52,442 
matched pairs 
of adults 


Beta^ Unknown mRNA-
1273 
 


Documented 
infection 


68.2(64.3-71.7) 96.0 (90.9-98.2) 


4,497 matched 
pairs of adults  


Alpha and 
Beta^ 


Unknown mRNA-
1273 
 


Severe, critical or 
fatal disease 


83.7(74.1-89.7) 89.5 (18.8-98.7) 


Symptomatic 
infection 


66.0(60.6-70.7) 98.6 (92.0-
100.0) 


Asymptomatic 
infection 


47.3(37.6-55.5) 92.5 (84.8-96.9) 


Retrospective 
cohort 


2520 
vaccinated and 
73,853 
unvaccinated, 
antibody-
negative 
controls 


Alpha^ Excluded mRNA-
1273 


Documented 
infection 


—    100.0 (82.5-
100.) 


14+ 13 weeks 


Beta^ Excluded mRNA-
1273 


Documented 
infection 


—    87.8 (73.4-95.5) 


Variants of 
unknown 
status  


Excluded mRNA-
1273 


Documented 
infection 


—    93.5 (76.6-99.2) 


53# Tenforde et al  
(August 6, 
2021) 
[Update to July 
8 preprint] 


USA Test-negative 
case-control 


1212 
hospitalized 
adults from 18 
hospitals 


Original and 
Alpha^ 
 


Included BNT162b2/ 
mRNA-
1273 


Hospitalization  75.4(60.4-84.7) 14+ up to 
14 days 
post 2nd 
dose 


86.6 (79.0-91.4) 14+ ~2 weeks  


BNT162b2 —    84.7 (74.1-91.0) 


mRNA-
1273 


—    88.9 (78.7-94.) 


Alpha^ Included BNT162b2/ 
mRNA-
1273 


—    92.1 (82.3-96.5) 


52 Jara et al  
(July 7,2021) 


Chile Prospective 
cohort  


10,187,720 
adults  
 


Alpha and 
Gamma^ 


Excluded CoronaVac Documented 
infection 


15.5 (14.2-16.8) 14+ days 65.9 (65.2-66.6) 14+ 8 weeks  


Hospitalization 37.4 (34.9-39.9) 87.5 (86.7-88.2) 


ICU admission  44.7 (40.8-48.3) 90.3 (89.1-91.4) 


Death  45.7 (40.9-50.2) 86.3 (84.5-87.9) 


51# Nasreen et al 
(July 16, 2021) 


Canada  Test-negative 
Case Control  


421073 
community 
dwelling 
individuals  


Non-VOC  Unknown  BNT162b2 Symptomatic 
infection 


61 (54, 68) 14+ days 93 (88, 96) 7+ 18 weeks  


Hospitalization or 
death 


68 (54,78) 96 (82, 99) 



https://www.nature.com/articles/s41591-021-01446-y

https://www.nature.com/articles/s41591-021-01446-y

https://doi.org/10.1093/cid/ciab687

https://www.nejm.org/doi/10.1056/NEJMoa2107715

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2
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[Update to July 
3, 2021 
preprint] 


mRNA-
1273 


Symptomatic 
infection 


54 (28, 70)  


 


89 (65, 96)  


 


Hospitalization or 
death 


57 (28, 75)  


 


96 (70, 99)  


 


AZD1222 Symptomatic 
infection 


67 (38, 82)  


 


—   


Alpha^ Unknown BNT162b2 Symptomatic 
infection 


66 (64, 68)  


 


89 (86, 91)  


 


Hospitalization or 
death 


80 (78, 82)  


 


95 (92, 97)  


 


mRNA-
1273 


Symptomatic 
infection 


83 (80, 86)  


 


92 (86, 96) 


Hospitalization or 
death 


79 (74, 83) 94 (89, 97) 


AZD1222 Symptomatic 
infection 


64 (60, 68) —   


Hospitalization or 
death 


85 (81, 88) —   


Beta/Gamm
a^ 


Unknown BNT162b2 Symptomatic 
infection 


60 (52,67) 84 (69, 92) 


Hospitalization or 
death 


77 (69, 83) 95 (81, 99) 


mRNA-
1273 


Symptomatic 
infection 


77 (63, 86) —   


Hospitalization or 
death 


89 (73, 95) —   


AZD1222 Symptomatic 
infection 


48 (28, 63) —   


Hospitalization or 
death 


83 (66, 92) —   


Delta^ Unknown BNT162b2 Symptomatic 
infection 


56 (45, 64) 87 (64, 95) 


Hospitalization or 
death 


78 (65, 86) —   


mRNA-
1273 


Symptomatic 
infection 


72 (57, 82) —   


Hospitalization or 
death 


96 (72, 99) —   
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AZD1222 Symptomatic 
infection 


67 (44, 80) —   


Hospitalization or 
death 


88 (60, 96) —   


50 Baum et al 
(June 28,2021) 
 


Finland  Prospective 
cohort  


Two study 
cohorts: 
901,092 Finnish 
elderly aged 70 
years and 
774,526 
chronically ill 
aged 16-69 
years  


Original and 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273  
(elderly 
cohort) 


Documented 
infection  


45 (36-53) 21+ days  75 (65-82) 7+ 16 weeks  


Hospitalization  63 (49-74) 93 (70-98) 


BNT162b2 
& mRNA-
1273 
(Chronically 
ill cohort) 


Documented 
infection 


40 (26-51) 77 (65-85) 


Hospitalization 82 (56-93) 90 (29-99) 


AZD1222 
(chronically 
ill cohort) 


Documented 
infection  


42 (32-50) —   


Hospitalization  62 (42-75) —   


49 Saciuk et al 
(June 27, 2021) 


Israel Retrospective 
cohort 


1.6 million 
members of 
Maccabi 
HealthCare 
HMO ≥16 


Original and 
Alpha¶ 


Excluded BNT162b2 Documented 
infection 


—    93.0 (92.6-93.4) 7+ 14 weeks 


Hospitalization —    93.4 (91.9-94.7) 7+ 


Death —    91.1 (86.5-94.1) 7+ 


48 Pawlowski et 
al.* (Jun 17, 
2021) 
[Update to Feb. 
18, 2021 
preprint] 


USA – Mayo 
Clinic 


Retrospective 
Cohort 
 


68,266  – 


propensity 


matched on, zip, 


# of PCRs, 


demographics  


Original & 


Alpha ¥ 


excluded BNT162b2  
 


Documented 
Infection 


61.0 (50.8-69.2) ≥14, prior 
to 2nd dose 


88.0 (84.2-91.0) ≥14 ~17 weeks 
(120 days) 


Hospitalization —    88.3 (72.6-95.9) ≥14 


ICU Admission —    100.0 (18.7-
100) 


≥14 


mRNA-
1273 


Documented 
Infection 


66.6 (51.9-77.3) ≥14, prior 
to 2nd dose 


92.3 (82.4-97.3) ≥14 


Hospitalization —    90.6 (76.5-97.1) ≥14 


ICU Admission —    100.0 (17.9-
100) 


≥14 


47 Young-Xu et al 
(July 14,2021) 
[Update to Jun 
22 preprint] 


USA  Test negative 
case control  


77014 veterans 
within Veterans 
Health 
Administration 


Original and 


Alpha ⴕⴕ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection  


58 (54-62) 7+ days up 
to dose 2 


94 (92-95) 7+  ~8 weeks  


Hospitalization 40 (27-50) 89 (81-93) 


Death 55 (21- 74) 98.5 (86.6-99.8) 


Asymptomatic 
infection  


58.0 (41.7-69.7) 69.7 (47.7-82.5) 


Hospitalization  53.0 (25.7-70.3) 88.4 (74.9-94.7) 


Deaths  55.6 (26.6-73.2) 97.0 (91.7-98.9) 


46 Azamgarhi et al 
(June 17, 
2021)*  
[Update to 
Azamgarhi et al 
below] 


UK-London  Retrospective 
cohort  


2235 HCWs 
working at one 
hospital  


Original and 
Alpha£ 


Excluded  BNT162b2 Documented 
infection  


70.0 (6.0-91.0) >14  —     



https://doi.org/10.1101/2021.06.21.21258686

https://doi.org/10.1101/2021.06.21.21258686

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3868853

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x
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45 Gupta et al 
(June 16, 
2021)* 


USA Retrospective 
cohort  


4028 HCWs in 
Boston, 
Massachusetts 


Original and 
Alpha  


Unknown  mRNA-
1273 


Documented 
infection  


95.0 (86-98.2) >14 days 
post dose 1 
to 13 days 
post dose 2 


—     


44# Stowe et al 
(June 14, 2021) 


UK TND Case-
control 


Patients 
seeking 
emergency care 
services with 
subsequent 
hospitalization 


Alpha included BNT162b2 Hospitalization 83 (62-93) 21+ to <13 
days post 
dose 2 


95 (78-99) 14+ ~20 weeks 
(but most 
much less) 


AZD1222 76 (61-85) 86 (53-96) 


Delta BNT162b2 94 (46-99) 96 (86-99) 


AZD1222 71 (51-83) 92 (75-97) 


43# Sheik et al 
(June 14, 2021) 
 


Scotland TND Scottish 
population 


Alpha  Unknown BNT162b2 Documented 
infection 


38 (29-45) 28+ 92 (90–93)  14+ ~20 weeks 
(but most 
much less) Unknown AZD1222 Documented 


infection 
37 (32-42) 28+ 73 (66–78) 14+ 


Delta Unknown BNT162b2 Documented 
infection 


30 (17-41) 28+ 79 (75–82) 14+ 


Unknown  AZD1222 Documented 
infection 


18 (9-25) 28+ 60 (53–66) 14+ 


42 Flacco, Maria 
et al*  
(June 10, 2021) 


Italy  Retrospective 
cohort  


245,226 
individuals  


Original and 


Alphaⴕⴕ 


Unknown  BNT162b2 Documented 
infection  


55 (40-66) 14+  98 (97-99) 14+ ~14 weeks 


Hospitalization  —   99 (96-100) 14+ 


Death  —   98 (87-100) 14+ 


mRNA-
1273 


Documented 
infection  


93 (74-98) 14+  —    


AZD1222 Documented 
infection  


95 (92-97) 21+  —    


41 Skowronski et 
al* (July 9, 
2021) 
[Update to 
June 9 
preprint] 


Canada TND ≥70 year olds 
living in 
community 


Alpha Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


67 (95% CI 57-
75) 


21+ —    ~6 weeks 


Gamma 61 (95% CI 45- 
72) 


21+ 


Non-VOC 72 (95% CI 58-
81) 


21+ 


40 Emborg et al. 
(June 2, 2021) 
[Update of 
Houston-
Melms below] 


Denmark Cohort 46,101 long-
term care 
facility (LTCF) 
residents, 
61,805 
individuals 65 
years and older 
living at home 
but requiring 
practical help 
and personal 
care (65PHC), 
98,533 
individuals ≥85 
years of age 
(+85), 425,799 


original & 
Alpha¶¶ 


excluded BNT162b2 Documented 
infection 


7 (-1-15) 
 


>14 82 (79-84) >7 10 weeks 


COVID-
Hospitalization 


35 (18-49) >14 93 (89-96) >7 


COVID-Mortality 7 (-15-25) >14 94 (90-96) >7 



https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://khub.net/web/phe-national/public-library/-/document_library/v2WsRK3ZlEig/view_file/479607329?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_v2WsRK3ZlEig_redirect=https%253A%252F%252Fkhub.net%253A443%252Fweb%252Fphe-national%252Fpublic-library%252F-%25

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01358-1/fulltext

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab616/6318435

https://www.medrxiv.org/content/10.1101/2021.05.27.21257583v1
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health-care 
workers 
(HCWs), and 
231,858 
individuals with 
comorbidities 
that predispose 
for severe 
COVID-19 
disease (SCD) 


39 Thompson et 
al* 
[updated on 
June 30,2021] 
 


USA Cohort 3975 health 
care personnel, 
first 
responders, 
and other 
essential and 
frontline 
workers in 8 
locations in US 


Original Excluded BNT162b2 Documented 
infection 


80 (60-90) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


93 (78-98) 
 


≥14 13 weeks 


mRNA-
1273 


Documented 
infection 


83 (40-95) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


82 (20-96) 
 


≥14  


38 Salo et al 
(July 10, 2021) 
[Update to May 
30 preprint] 


Finland Retrospective 
cohort 


HCW and their 
unvaccinated 
spouses 


Alphaⴕⴕ Excluded BNT162b2 
& mRNA-
1273 


Documented 
infection in HCW 


26.8 (7.5-42.1) 
 


2 weeks —    *10 weeks 
since dose 1 


Documented 
infection in HCW 


69 (59.2-76.3) 
 


10 weeks 
(includes 2 
dose 
recipients) 


—   
  


 


37 Khan et al (May 
31, 2021) 


USA Retrospective 
cohort 


14,697 IBD 
patients in VA 
hospitals 


Unknown Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


-1 (-50-32) 14+ up to 7 
days post 
dose 2 


69 (44-83) 
 


7+ 14 weeks  


Hospitalization/de
ath 


9 (-114-61) 49 (-36-81) 7+ 


36 Martinez-Bas 
et al* 
(May 27, 2021) 


Spain Prospective 
Cohort 


20,961 close 
contacts of 
confirmed 
cases 


Alpha Excluded BNT162b2 Documented 
infection 


21 (3-36%) 14+ 65 (56-73) 14+ 12 weeks 


Symptomatic 
infection 


30 (10-45) 14+ 82 (73-88) 14+ 


Hospitalization 65 (25-83) 14+ 94 (60-99) 14+ 


AZD1222 Documented 
infection 


44 (31-54) 14+ —    n/a 


Symptomatic 
infection 


50 (37-61) 14+ —    


Hospitalization 92 (46-99) 14+ —    


35# Chung et al 
(Updated July 
26, 2021) 


Canada Test negative 
design case 
control 


Adults in 
Ontario 
53,270 cases 
270,763 
controls 


Non-VOC^ Excluded BNT162b2 Symptomatic 
infection 


59 (55-62) 
 


14+ 
 


91 (88-93) 
 


7+ 15 weeks 


Hospitalization 
and Death 


69 (59-77) 
 


96 (82-99) 
 


0+ 


mRNA-
1273 


Symptomatic 
infection 


72 (63-80) 
 


94 (86-97) 
 


7+ 


Hospitalization 
and Death 


73 (42-87) 96 (74-100) 0+ 



https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full

https://linkinghub.elsevier.com/retrieve/pii/S0016-5085(21)03066-3

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.medrxiv.org/content/10.1101/2021.05.24.21257744v2
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Alpha 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


61 (56-66) 90 (85-94) 7+ 


Hospitalizationand 
Death 


59 (39-73) 94 (59-99) 0+ 


Beta or 
Gamma 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


43 (22-59) 88 (61-96) 
 


7+ 


BNT162b2 
& mRNA-
1273 


Hospitalizationand 
Death 


56(-9-82) 100 0+  


34 PHE  
(May 20, 2021) 


UK Test-negative 
case control 


≥65 years Alpha excluded BNT162b2 Symptomatic 
infection 


54 (50-58) 
 


28+ 90 (82-95) 
 


≥14  


AZD1222 Symptomatic 
infection 


53 (49-57) 28+ 89 (78-94) ≥14  


33# Ranzani et al. 
(updated Jul 
21, 2021) 


Brazil Test-negative 
case control 


7950 matched 
pairs among 
70+ year olds in 
Sao Paulo 


Gamma Included Coronavac Symptomatic 
infection 


10.5 (-4.4-23.3) ≥14 
 


41.6 (26.9 -
53.3) 


≥14 
 


~10.5 weeks 


Hospitalization 
 


18.5 (-1.0-34.2) 59.0 (44.2-69.8) 


Death 31.6 (7.1-49.7) 71.4 (53.7-82.3) 


32 Ismail et al. 
(May 12, 2021) 


UK Screening 
method 


13,907 ≥70  Alpha included AZD1222 Hospitalization in 
70-79 


84 (74-89) 
 


28+ —     


Hospitalization I n 
80+ 


73 (60-81) 
 


28+ —     


BNT162b2 Hospitalization in 
70-79 


81 (73-87) 
 


28+ —     


Hospitalization I n 
80+ 


81 (76-85) 
 


28+ 93 (89-95) 
 


≥14  


31 Pilishvili et al.* 
(May 14, 2021) 


US Test-negative 
case control  


HCP at 33 U.S. 
sites across 25 
U.S. states 


Unknown Excluded BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


82 (74-87) ≥14 days 
post dose 1 
to 6 days 
post dose 2 


94 (87-97) ≥7  


30 Lopez-Bernal et 
al.*  
(May 13, 2021) 
[Update to Mar 
1 preprint] 


UK Test-negative 
case control 


156,930 UK 
population over 
age 70 


Alpha^ Included BNT162b2 Over 80 years: 
Symptomatic 
infection 


—    79 (68-86) ≥7  


Over 70 years: 
Symptomatic 
infection 


61 (51-69) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


AZD1222 Over 70 years:  
Symptomatic 
infection 


60 (41-73) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


29 Angel et al.* 
(May 6, 2021) 


Israel Retrospective 
cohort  


6710 HCWs at a 
single tertiary 
care center in  


Alpha¶ Excluded BNT162b2 Symptomatic 89 (83-94) >7 days 
post dose 1 
to 7 days 
post dose 2 


97 (94-99) >7 days  


Asymptomatic 36 (-51-69) 86 (69-97)  



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/988193/Vaccine_surveillance_report_-_week_20.pdf

https://www.medrxiv.org/content/10.1101/2021.05.19.21257472v3

https://www.epicentro.iss.it/vaccini/pdf/report-valutazione-impatto-vaccinazione-covid-19-15-mag-2021.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7020e2.htm?s_cid=mm7020e2_e&ACSTrackingID=USCDC_921-DM57416&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20May%2014%2C%202021&deliveryName=USCDC_921-DM57416

https://www.bmj.com/content/373/bmj.n1088

https://www.bmj.com/content/373/bmj.n1088

https://jamanetwork.com/journals/jama/fullarticle/2779853
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28# Abu-Raddad et 
al.* (July 8, 
2021) 


Qatar Test-negative 
case-control  


Qatari adults  Alpha & 
Beta^ 


Unknown BNT162b2 CC Alpha 
documented 
infection 


65.5 (58.2-71.5) 15-21 days 90 (86-92) ≥14  


CC Alpha 
severe/fatal 
infection 


72 (32-90) 
 


100 (82-100)  


CC Beta 
documented 
infection 


46.5 (38.7-53.3) 
 


75 (71-79)  


CC Beta 
severe/fatal 
infection 


56.5 (0-82.8) 
 


100 (74-100)  


Retrospective 
cohort 


 Qatari adults Alpha & 
Beta^ 


Unknown BNT162b2 Cohort 
documented 
infection Alpha 


—    87 (82-91)  


Cohort 
documented 
infection Beta 


—    72 (66-77)  


27 Haas et al. * 
(May 5, 2021) 
[Update to Mar 
24 preprint] 


Israel  Retrospective 
cohort 


Israeli 
population ≥16 
years  


Alpha^ Excluded BNT162b2 Documented 
infection 


—    95.3  (94.9-
95.7) 


≥7 days  


Asymptomatic 
infection 


91.5 (90.7-92.2)  


Symptomatic 
infection 


97.0 (96.7-97.2)  


Hospitalization 97.2 (96.8-97.5)  
Severe/ critical 
hospitalization 


97.5 (97.1-97.8)  


Death 96.7 (96.0-97.3)  
26 Corchado-


Garcia et al.  
(April 30, 2021) 


USA Retrospective 
cohort 


24,145 adults in 
the Mayo Clinic 
Network 


Original  & 


Alpha¥ 


Excluded Ad26.COV2
.S 


Documented 
infection 


77 (30-95) ≥15  —     


25 Fabiani et al.* 
(Apr 29, 2021) 


Italy Retrospective 
cohort 


9,878 HCWs  Unknown Excluded BNT162b2 Documented 
infection 


84 (40-96) 14-21  95 (62-99) ≥7 days  


Symptomatic 
infection 


83 (15-97) 94 (51-99)  


24 Gras-Valenti et 
al.*(Apr 29, 
2021) 


Spain Case-control 268 HCWs Original & 
Alpha¥¥ 


Included BNT162b2 Documented 
infection 


53 (1-77) >12  —     


23 Tenforde et 


al.* 
(Apr 28, 2021) 


 


 


 


 


USA Test-negative 


case-control 


Hospitalized 
adults ≥65 
years  


Original and 
Alpha¥ 


Unknown BNT162b2 
& mRNA-
1273 
 


Hospitalization  64 (28-82)  
 


≥14 days 
post dose 1 
to 14 days 
post dose 2 


94 (49-99) ≥14 days   


22 Goldberg et al. 
(Apr 24, 2021) 


Israel Prospective 
cohort 


Original and 
Alpha^ 


Included BNT162b2 Documented 
infection 


58 (57-59) >14 days 
post dose 1 


93 (93-93)   



https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00947-8/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.17.2100420

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.medrxiv.org/content/10.1101/2021.04.20.21255670v1
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5,600,000+  
individuals ≥16 
years 


Hospitalization 69 (68-71) to <7 days 
post dose 2 


94 (94-95) ≥7 days  
Severe disease 66 (63-69) 94 (94-95)  
Death 63 (58-67) 94 (93-95)  


21 Pritchard et 
al.*  
(Jun 9, 2021) 
[Update to Apr 
23 preprint] 


UK Prospective 
cohort 


373,402 
individuals ≥16 
years 


Alpha & 
Original^ 


Excluded BNT162b2 Documented 
infection 


66 (60-71) ≥21  80 (74-85) ≥0 days  


Symptomatic 
disease 


78 (72-83) 95 (91-98)  


AZD1222 Documented 
infection 


61 (54-68) 79 (65-88) 
 


 


Symptomatic 
disease 


71 (62-78) 92 (78-97)  


20 Vasileiou et al.* 
(Apr 23, 2021)  
[Update to Feb 
21 preprint] 


UK – 
Scotland   


Prospective 
Cohort  
(Person-time) 


Scotland 
population: 5.4 
million 


Original & 
Alpha£   


 
Excluded 


 
BNT162b2 
 
 


Hospitalization 91 (85-94) 28-34  —     


AZD1222 Hospitalization 88 (75-94) 28-34   


19 Hall et al.* 
(Apr 23, 2021) 
[Update to Feb 
21 preprint] 


UK – SIREN 
study 


Prospective 
Cohort  
(Person-time) 


23,324 
healthcare 
workers 


Alpha^  Excluded BNT162b2   Documented 
infection 


72 (58-86) ≥21  86 (76-97) ≥7  


18 Mason et al.  
(Apr 22, 2021) 


UK - England Case-control 170,226 80-83 
year-olds  
 


Alpha^ Excluded BNT162b2 
 


Documented 
infection4 


55 (40-66) 21-27 70 (55- 80) 35-41  


Hospitalization4 50 (19-69) 21-27 75 (52-87) 35-41  


17 Bjork et al.  
(Apr 21, 2021) 


Sweden  Retrospective 
cohort  


805,741 
Swedish adults 
aged 18-64 
years 


Original & 
Alpha^ 


Unknown BNT162b2 Documented 
infection  


42 (14-63) ≥14 86 (72-94) ≥7  


16 Araos, Rafaele 
(Apr 16, 2021) 
 


Chile  Retrospective 
cohort 


10,500,000 
individuals >16 
years under the 
national health 
fund 
 


Original, 
Gamma, and 
Alpha££ 


Unknown CoronaVac Symptomatic 
infection  


16 (14-18) ≥14 67 (65-69) ≥14  


Hospitalization 37 (32-39) ≥14 85 (83-87) ≥14  


ICU admission 43 (37-43) ≥14 89 (85-92) ≥14  


Death 40 (33-47) ≥14 80 (73-86) ≥14  


15 Glampson et 
al.*  
(Jul 15, 2021) 
[Update to Apr 
10 preprint] 


UK Retrospective 
cohort 


2 million adults 
>16 in  
Northwest 
London 


Alpha^ 
 


Included BNT162b2 Documented 
infection 


78 (73-82) 22-28 —     


AZD1222 Documented 
infection 


74 (65-81) 22-28 


14 Andrejko et 
al.*  
(Jul 20, 2021) 


USA Test-negative 
case control  


1023 California 
adults ≥18 
years 


B.1.427/ 
B.1.429 & 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection 


66.9 (28.7--
84.6) 
 


≥15 87.4 (77.2-93.1) 
 


≥15 ~14 weeks 


Asymptomatic 
infection 


—    68.3 (27.9-85.7) ≥15 



https://www.nature.com/articles/s41591-021-01410-w

https://www.nature.com/articles/s41591-021-01410-w

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00677-2/fulltext

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00790-X/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.19.21255461v1

https://www.medrxiv.org/content/10.1101/2021.04.20.21254636v1

https://www.minsal.cl/wp-content/uploads/2021/04/Effectiveness-of-the-inactivated-CoronaVac-vaccine-against-SARS-CoV-2-in-Chile.pdf

https://preprints.jmir.org/preprint/30010/accepted

https://preprints.jmir.org/preprint/30010/accepted

https://doi.org/10.1093/cid/ciab640

https://doi.org/10.1093/cid/ciab640
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[update to  
May 25 
preprint] 


Symptomatic 
infection 


—    91.3 (79.3-96.3) ≥15 


Hospitalization  —    100 ≥15 


BNT162b2 Documented 
infection 


—    87.0 (68.6-94.6) ≥15 


mRNA-
1273 


Documented 
infection 


—    86.2 (68.4-93.9) ≥15 


13 Regev-Yochay 
et al.* 
( July 7,2021) 
[Update to 
April 9 preprint] 


Israel  Prospective 
cohort 


3578 HCWs in 
one Israeli 
health system  


Alpha¶ Included BNT162b2 Asymptomatic 
infection  


—    65 (45-79) ≥11  


Asymptomatic 
infection 
presumed 
infectious (Ct< 30) 


70 (43-84) ≥11  


Symptomatic 
infection 


90 (84-94) ≥11  


Symptomatic 
infection 
presumed 
infectious (CT<30)  


88 (80-94) ≥11  


12 Bouton et al.  
(Mar 30, 2021) 


USA – MA Prospective 
Cohort 


10,950 
healthcare 
workers in 
Boston 


Original^ included BNT162b2 
& mRNA-
1273 


Documented 
infection 


82 (68-90) >14 days post dose 1 including some with dose 2 starting 
day 0 


 


11 Thompson et 
al.* 
(Mar 29, 2021) 


USA Prospective 
cohort 


3,950 
healthcare 
workers in 
eight US sites 


Original¥ excluded BNT162b2 
&  
mRNA1273 


Documented 
infection 


80 (59-90) ≥14 90 (68-97) ≥14  


10 Shrotri et al.* 
(Jun 23, 2021) 
[Update to Mar 
26 preprint] 


UK Prospective 
cohort 


10,412 care 
home residents 
aged ≥65 years 
from 310 LTCFs 
in England 


Original and 
Alpha^ 


Stratified BNT162b2 Documented 
infection  


65 (29-83) 35-48 —     


AZD1222 Documented 
infection  


68 (34-85) 35-48  


9 Public Health 
England – 
March  
(Mar 17, 2021) 


UK - England Test Negative 
Case-Control 


Adults in 
England over 
70 years 


Alpha^ 
 


? BNT162b2 Symptomatic 
infection  


58 (49-65) ≥28 —     


AZD1222 Symptomatic 
infection  


58 (38-72) ≥35  


Retrospective 
Cohort 


Adults in 
England over 
80 years  


Included BNT162b2 Hospitalization1 42 (32-51) ≥14 —     


 


Death1 54 (41-64) ≥14  


AZD1222 Hospitalization1 35 (4-56) 14-21  


8 Yelin et al. 
(Mar 17, 2021)  


Israel – 
Maccabi 
System 


Retrospective 
Cohort  


1.79 million 
enrollees, 
adults <90 
years 


Alpha^ excluded  BNT162b2 Documented 
infection 


91 (89-93) ≥35 days post dose 1 most with dose 2   


Symptomatic 
infection 


99 (95-99) ≥35 days post dose 1 most with dose 2  


7 Britton et al.* 
(Mar 15, 2021) 


USA – CT Retrospective 
Cohort  


463 residents 
of two skilled 


Original¥ stratified BNT162b2 Include Hx of 
COVID: 


63 (33-79) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 



https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.medrxiv.org/content/10.1101/2021.03.30.21254655v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00289-9/fulltext

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://www.medrxiv.org/content/10.1101/2021.03.16.21253686v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w
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Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
¶¶Denmark logs more contagious COVID variant in 45% of positive tests | Reuters 


nursing 
facilities 
experiencing 
outbreaks 


Documented 
infection 


Exclude Hx of 
COVID:  
Documented 
infection 


60 (30-77) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 


6 Tande et al.* 
(Mar 11, 2021) 


USA – Mayo 
Clinic 


Retrospective 
Cohort 


Asymptomatic 
screening of 
39,156 
patients: pre-
surgical, pre-op 
PCR tests 


original¥ included BNT162b2 
& mRNA-
1273 


Asymptomatic 
infection 


79 (63-88) 
>10 days post dose 1, including 
some with dose 2  


80 (56-91) >0  


BNT162b2 Asymptomatic 
infection 


79 (62-89) >10  80 (56-91) >0  


5 Mousten-
Helms et al.  
(Mar 9, 2021) 


Denmark Retrospective 
Cohort 


Long term care 
facilities in 
Denmark - 
39,040 
residents, 
331,039 staff 


original & 
Alpha¶¶ 


excluded BNT162b2 LTCF Resident: 
Documented 
Infection 


21 (-11-44) >14 64 (14-84) >7  


LTCF Staff: 
Documented 
Infection 


17 (4-28) >14 90 (82-95) >7  


4 Hyams et al.* 
(Jun 23, 2021) 
[Update to Mar 
3 preprint] 


UK – 
University of 
Bristol  


Test Negative 
Case-Control 


466 tests:  >80 
years 
hospitalized 
with respiratory 
symptoms  


Alpha£ included BNT162b2 Hospitalization 79 (47-93) >14 —     


AZD1222 Hospitalization 80 (36-95) >14  


3 Dagan et al.* 
(Feb. 24, 2021) 


Israel – Clalit 
Health 
System 


Retrospective 
Cohort 


596,618 – 
matched on 
demographics, 
residence, 
clinical 
characteristics 


original & 
Alpha^  


excluded BNT162b2 Documented 
infection 


46 (40-51) 14-21  92 (88-95) >7   


Symptomatic 
infection 


57 (50-63) 14-21  94 (87-98) >7   


Hospitalization 74 (56-86) 14-21 87 (55-100) >7   


Severe disease 62 (39-80) 14-21 92 (75-100) >7   


2 Public Health 
England – Feb. 
(Feb. 22, 2021) 


UK - England Screening 
Method 


43,294 cases, 
with England as 
source 
population 


Alpha^ included BNT162b2 Over 80 years: 
Symptomatic 
infection 


57 (48-63) >28  88 (84-90) 7   


1 Amit et al.* 
(Feb 18, 2021) 


Israel Prospective 
Cohort 


9,109 
healthcare 
workers 


original & 
Alpha¶ 


excluded BNT162b2 Documented 
infection 


75 (72-84) ≥15 days  post dose 1 including some with dose 2 through 
day 7 


 


Symptomatic 
infection 


85 (71-92) ≥15 days  post dose 1 including some with dose 2 through 
day 7 
 


 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://www.reuters.com/article/us-health-coronavirus-denmark/denmark-logs-more-contagious-covid-variant-in-45-of-positive-tests-idUSKBN2AG1H0

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab229/6167855

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00330-3/fulltext

https://www.nejm.org/doi/10.1056/NEJMoa2101765

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2900448-7
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¥¥COVID variant first detected in UK now dominant strain in Spain 
££Reporte-circulacion-variantes-al-9.04.21-PUBLICADO-FINAL.pdf (minsal.cl) 
ⴕⴕBased on https://outbreak.info/location-reports  
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data 
# Manuscripts that are cited in the WHO COVID-19 Weekly Epidemiological Updates (see Special Focus Update on SARS-CoV-2 Variants of Interest and Variants of Concern, Table 3, included in every 
other Weekly Epidemiological Update): https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports.  


1.1  Inclusion criteria for VE studies 


Note: All VE studies now must meet these criteria to be in the VE table: 
• Published or preprint studies (not press release, presentations, media) 
• Must have confidence intervals around VE, except in instances where it is not possible to calculate 


 • Needs to include persons with & without infection or disease and with and without vaccination (ie a proper comparison group). This 
excludes case only studies (e.g., impact studies, risk of progression to severe disease (i.e. PHE)).   


• No modeled comparison group nor comparison to historical cohort 
 • The study design should account for confounding and/or VE estimate should be adjusted or state adjustment made no difference 
• Outcomes must be lab confirmed, not syndromic 
• At least 90% of participants must have documented vaccination status rather than relying on recall 


 • VE must be for one vaccine, not for >1 vaccine combined (with exception for studies accessing Pfizer + Moderna vaccines and studies 
of heterologous schedules, but all participants included in a VE estimate should receive same brands of vaccines in the same order 


• No significant bias that likely affects results  
• Cannot include day 0-12 in unvaccinated definition 
• Cannot compare to early post vaccination to calculate VE (e.g. day 0-12 vs day 12-21) 


 
1.2  VE Studies that do not meet criteria are listed below in case of interest: 


1. Hunter P and Brainard J. Estimating the effectiveness of the Pfizer COVID-19 BNT162b2 vaccine after a single dose. A reanalysis of a 


study of 'real-world’ vaccination outcomes from Israel. medRxiv. Published online 2021:2021.02.01.21250957. doi: 


10.1101/2021.02.01.21250957 


2. Institut National de Santé Publique du Québec. Preliminary Data on Vaccine Effectiveness and Supplementary Opinion on the Strategy 


for Vaccination Against COVID-19 in Quebec in a Context of Shortage. Gouvernement du Québec. 2021:Publication No 3111. Available 


at: https://www.inspq.qc.ca/sites/default/files/publications/3111-vaccine-effectiveness-strategy-vaccination-shortage-covid19.pdf.  


3. Weekes M, Jones NK, Rivett L, et al. Single-dose BNT162b2 vaccine protects against asymptomatic SARS-CoV-2 infection. Authorea. 


Published online Feb 24, 2021. doi: 10.22541/au.161420511.12987747/v1 


4. Aran D. Estimating real-world COVID-19 vaccine effectiveness in Israel using aggregated counts. Published online Mar 4, 2021. 


Available at: https://github.com/dviraran/covid_analyses/blob/master/Aran_letter.pdf.  


5. Shah ASV, Gribben C, Bishop J, et al. Effect of vaccination on transmission of COVID-19: an observational study in healthcare workers 


and their households. medRxiv. Published online 2021:2021.03.11.21253275. doi: 10.1101/2021.03.11.21253275 



https://english.elpais.com/society/2021-03-25/covid-variant-first-detected-in-uk-now-dominant-strain-in-spain.html

https://www.minsal.cl/wp-content/uploads/2021/04/Reporte-circulacion-variantes-al-9.04.21-PUBLICADO-FINAL.pdf

https://outbreak.info/location-reports

https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports

https://www.inspq.qc.ca/sites/default/files/publications/3111-vaccine-effectiveness-strategy-vaccination-shortage-covid19.pdf

https://github.com/dviraran/covid_analyses/blob/master/Aran_letter.pdf
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6. Monge S, Olmedo C, Alejos B, et al. Direct and indirect effectiveness of mRNA vaccination against SARS-CoV-2 infection in long-term 


care facilities in Spain. medRxiv. Published online 2021:2021.04.08.21255055 doi: 10.1101/2021.04.08.21255055 


7. Vahidy FS, Pischel L, Tano ME, et al. Real World Effectiveness of COVID-19 mRNA Vaccines against Hospitalizations and Deaths in the 


United States. medRxiv. Published online 2021:2021.04.21.21255873 doi: 10.1101/2021.04.21.21255873 


8. Swift MD, Breeher LE, Tande AJ, et al. Effectiveness of Messenger RNA Coronavirus Disease 2019 (COVID-19) Vaccines Against Severe 


Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection in a Cohort of Healthcare Personnel. Clin Inf Dis. Published online 


Apr 26, 2021:2021;ciab361. doi: 10.1093/cid/ciab361 


9. Zaqout A, Daghfal J, Alaqad I, et al. The initial impact of a national BNT162b2 mRNA COVID-19 vaccine rollout. medRxiv. Published 


online 2021:2021.04.26.21256087 doi: 10.1101/2021.04.26.21256087 


10. Cavanaugh AM, Fortier S, Lewis P, et al. COVID-19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled Nursing 


Facility After Vaccination Program – Kentucky, March 2021. MMWR Morb Mortal Wkly Rep. 2021;70:639-643. doi: 


10.15585/mmwr.mm7017e2 


11. Menni C, Klaser K, May A, et al. Vaccine side-effects and SARS-CoV-2 infection after vaccination in users of the COVID Symptom Study 


app in the UK: a prospective observational study. Lancet Infect Dis. 2021; 21; 939-49. Published online April 27, 2021. doi: 


10.1016/S1473-3099(21)00224-3. 


12. Tang L, Hijano DR, Gaur AH, et al. Asymptomatic and Symptomatic SARS-CoV-2 Infections After BNT162b2 Vaccination in a Routinely 


Screened Workforce. JAMA. Published online May 6, 2021:2021;325(24):2500-2502. doi: 10.1001/jama.2021.6564 


13. Chodick G, Tene L, Rotem Ran S, et al. The Effectiveness of the Two-Dose BNT162b2 Vaccine: Analysis of Real-World Data. Clin Infect 


Dis. Published online May 17, 2021:2021;ciab438. doi: 10.1093/cid/ciab438 


14. Lopez Bernal J, Andrews N, Gower C, et al. Effectiveness of BNT162b2 mRNA vaccine and ChAdOx1 adenovirus vector vaccine on 


mortality following COVID-19. medRxiv. Published online 2021:2021.05.14.21257600 doi: 10.1101/2021.05.14.21257218 


15. Bianchi FB, Germinario CA, Migliore G, et al. BNT162b2 mRNA COVID-19 Vaccine Effectiveness in the Prevention of SARS-CoV-2 


Infection: A Preliminary Report. J Infect Dis. Published online May 19, 2021:2021;jiab262. doi: 10.1093/infdis/jiab262 


16. Walsh J, Skally M, Traynor L, et al. Impact of first dose of BNT162b2 vaccine on COVID-19 infection among healthcare workers in an 


Irish hospital. Ir J Med Sci. Published online May 2021:1-2. doi:10.1007/s11845-021-02658-4  


17. Yassi A, Grant JM, Lockhart K, et al. Infection control, occupational and public health measures including mRNA-based vaccination 


against SARS-CoV-2 infections to protect healthcare workers from variants of concern: a 14-month observational study using 


surveillance data. medRxiv. Published online 2021:2021.05.25.21257600. doi:10.1101/2021.05.21.21257600 


18. Kumar S, Saxena S, Atri M, Chamola SK. Effectiveness of the Covid-19 vaccine in preventing infection in dental practitioners: results of 


a cross-sectional questionnaire-based survey. medRxiv. Published online 2021:2021.05.28.21257967. 


doi:10.1101/2021.05.28.21257967 


19. Shrestha NK, Nowacki AS, Burke PC, Terpeluk P, Gordon SM. Effectiveness of mRNA COVID-19 Vaccines among Employees in an 


American Healthcare System. medRxiv. Published online 2021:2021.06.02.21258231. doi:10.1101/2021.06.02.21258231 
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20. Riley S, Wang H, Eales O, et al. REACT-1 Round 12 Report: Resurgence of SARS-CoV-2 Infections in England Associated with Increased 


Frequency of the Delta Variant.; 2021. https://spiral.imperial.ac.uk/bitstream/10044/1/89629/2/react1_r12_preprint.pdf 


21. Ben-Dov IZ, Oster Y, Tzukert K, et al. The 5-months impact of tozinameran (BNT162b2) mRNA vaccine on kidney transplant and 


chronic dialysis patients. medRxiv. Published online June 16, 2021:2021.06.12.21258813. doi:10.1101/2021.06.12.21258813 


22. Victor PJ, Mathews KP, Paul H, Murugesan M, Mammen JJ. Protective Effect of COVID-19 Vaccine Among Health Care Workers During 


the Second Wave of the Pandemic in India. Mayo Clin Proc. Published online 2021. 


23. Chodick G, Tene L, Patalon T, et al. Assessment of Effectiveness of 1 Dose of BNT162b2 Vaccine for SARS-CoV-2 Infection 13 to 24 


Days After Immunization. JAMA Netw Open. Published online Jun 7, 2021:2021;4(6):e2115985. doi: 


10.1001/jamanetworkopen.2021.15985 


24. Bahl A, Johnson S, Maine G, et al. Vaccination reduces need for emergency care in breakthrough COVID-19 infections: A multicenter 


cohort study. medRxiv. Published online 2021:2021.06.09.21258617. doi:10.1101/2021.06.09.21258617 


25. Zacay G, Shasha D, Bareket R, et al. BNT162b2 Vaccine Effectiveness in Preventing Asymptomatic Infection with SARS-CoV-2 Virus: A 


Nationwide Historical Cohort Study. Open Forum Infect Dis. Published online June 9, 2021:2021;8(6). doi: 10.1093/ofid/ofab262 


26. Ross C, Spector O, Tsadok MA, Weiss Y, Barnea R. BNT162b2 mRNA vaccinations in Israel: understanding the impact and improving 


the vaccination policies by redefining the immunized population. medRxiv. Published online 2021:2021.06.08.21258471. 


doi:10.1101/2021.06.08.21258471 


27. Malinis M, Cohen E, Azar MM. Effectiveness of SARS-CoV-2 vaccination in fully-vaccinated solid organ transplant recipients. Am J 


Transplant. Published online June 2021. doi:10.1111/ajt.16713 


28. Ramakrishnan, M., & Subbarayan, P. Impact of vaccination in reducing Hospital expenses, Mortality and Average length of stay among 


COVID 19 patients. A retrospective cohort study from India. medRxiv, Published online 2021: 2021.06.18.21258798. 


doi:10.1101/2021.06.18.21258798 


29. Sansone E, Sala E, Tiraboschi M, et al. Effectiveness of BNT162b2 vaccine against SARS-CoV-2 among healthcare workers. Med Lav. 


Published online 15 June 2021. doi: 10.23749/mdl.v112i3.11747. 


30. Mazagatos C, Monge S, Olmedo C, et al. Effectiveness of mRNA COVID-19 vaccines in preventing SARS-CoV-2 infections and COVID-19 


hospitalizations and deaths in elderly long-term care facility residents, Spain, weeks 53 2020 to 13 2021. Euro Surveill. 


2021;26(24):pii=2100452. doi: 10.2807/1560-7917.ES.2021.26.24.2100452. 


31. Tanislav C, Ansari TE, Meyer M, et al. Effect of SARS-CoV-2 vaccination among health care workers in a geriatric care unit after a 


B.1.1.7-variant outbreak [published online ahead of print, 2021 Jun 19]. Public Health. 2021. doi: 10.1016/j.puhe.2021.06.003  


32. Jaiswal A, Subbaraj V, Wesley J, et al. COVID-19 vaccine effectiveness in preventing deaths among high-risk groups in Tamil Nadu, 


India. Indian J Med Res. Accessed online ahead of print 23 June 2021. doi: 10.4103/ijmr.ijmr_1671_21. 


33. Harris RJ, Hall JA, Zaidi A, et al. Effect of Vaccination on Household Transmission of SARS-CoV-2 in England. N Engl J Med. Published 


online Jun 23, 2021. doi: 10.1056/NEJMc2107717 



https://spiral.imperial.ac.uk/bitstream/10044/1/89629/2/react1_r12_preprint.pdf
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34. Hitchings MDT, Ranzani OT, Torres MSS et al. Effectiveness of CoronaVac among healthcare workers in the setting of high SARS-CoV-2 


Gamma variant transmission in Manaus, Brazil: A test-negative case-control study. medRxiv, Published online 2021: 


2021.04.07.21255081 .21258798. doi:10.1101/2021.04.07.21255081 


35. Knobel P, Serra C, Grau S, et al. COVID-19 mRNA vaccine effectiveness in asymptomatic healthcare workers [published online ahead 


of print, 2021 Jun 24]. Infect Control Hosp Epidemiol. 2021;1-7. doi:10.1017/ice.2021.287 


36. Kale P, Bihari C, Patel N, et al. Clinicogenomic analysis of breakthrough infections by SARS CoV2 variants after ChAdOx1 nCoV-19 


vaccination in healthcare workers. medRxiv, Published online 2021:2021.06.28.21259546.  doi: 10.1101/2021.06.28.21259546  
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after Implementation of a Vaccination Program – Ontario, April-May 2021. Clin Inf Dis. Published online Jul 8, 2021:2021;ciab617. doi: 


10.1093/cid/ciab617 
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2. Duration of Protection Studies 


 
These are studies that assess duration of protection criteria as outlined above along with those studies that do not meet aforementioned criteria 


that are relevant to evaluating duration of protection. Some of these studies are also in the above table but duplicated here for ease.  


We would like to highlight 


• It is currently challenging to disentangle any apparent reduction in VE over time due to waning immunity from reduction due to immune 


escape by the Delta variant.   


• Countries have implemented different dose intervals and vaccination strategies that can make comparisons across studies challenging.  


• Persons who are vaccinated early in a program are different than those who are vaccinated later.  For example, many who were 


vaccinated early were those at highest risk, and this could confound the results.  Some of the older individuals also might have some 


degree of immunosenescence.  


 
# Reference (date) Country Population Dominant 


Variants 
Vaccine product Study Period Descriptive Findings 


10 Pouwels et al 
(August 19, 2021) 


UK General adult 
population 


Alpha, Delta BNT162b2 
mRNA-1273 
 


December 1, 2020-
August 1, 2020 


COVID-19 infection survey is a household longitudinal survey with testing.  During the delta 
dominant period, in those 18 to 64 years, VE of BNT162b2 against new PCR-positives reduced by 
22% (95% CI 6% to 41%) for every 30 days from second vaccination. Reductions were numerically 
smaller for ChAdOx1 (change -7% per 30 days, 95% CI -18% to +2%) but there was no formal 
evidence of heterogeneity (p=0.14). 


 
 


9 Tendorde et al  
(August 18, 2021) 


USA Hospitalized patients Alpha > Delta BNT162b2 
mRNA-1273 


March 11-July 14, 
2021 


Test-negative design case control study of hospitalized patients. VE against COVID-19– associated 
hospitalization was 86% (95% CI = 82%–90%) 2–12 weeks and 84% (95% CI = 77%–90%) 13–24 
weeks from receipt of the 2nd dose, with no significant change between these periods (p = 0.854).  
There was no difference in VE by timing since vaccine among those ≥/< 65 years, 
immunocompromised versus not and among those with ≥/< 3 chronic conditions.  
 



https://www.ndm.ox.ac.uk/files/coronavirus/covid-19-infection-survey/finalfinalcombinedve20210816.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w
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8 Yassi et al 


(July 16, 2021) 
Canada HCWs in Vancouver Alpha/Gamma BNT162b2 


mRNA-1273  
December 15-May 
13, 2021 


Retrospective cohort study of HCWs linking administrative databases.  At 16 weeks (day 112) post 
dose 1 and 2 they don’t see a decline in VE. Note that day 0-13 post dose 1 is included in the 
unvaccinated comparison group.  


 
7 Chemaitelly et al  


(August 9, 2021) 
Qatar Immunosuppressed 


kidney transplant 
patients 


Alpha/Beta BNT162b2 
mRNA-1273  
 


February 1-July 21, 
2021 


Retrospective cohort study finding VE against infection was 73.9% (95% CI: 33.0-89.9%) at day 56+ 
post dose 2; VE against severe/critical/fatal disease was 83.8% (95% CI: 31.3-96.2) at day 56+ post 
dose 2. 


6 Carazo et al 
(July 22, 2021) 


Canada HCWs in Quebec Alpha BNT162b2 
mRNA-1273  
 


January 17-June 5, 
2021 


This is a test-negative case control linking surveillance and vaccination data from administrative 
databases for HCWs.  Across 16 weeks, no decline in single-dose VE against infection was observed 
with appropriate stratification based upon prioritized vaccination determined by higher versus 
lower likelihood of direct patient contact. 



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254920

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1

https://doi.org/10.1101/2021.07.19.21260445
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5 Amirthalingam et 
al (July 28, 2021) 


UK 50+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222 


January 4-June 18, 
2021 


This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  In summary, VE against disease potentially declines post dose 1 at day 
70+ for AZD1222 and at day 56+ for BNT162b2 but there are wide/overlapping confidence 
intervals making conclusions challenging.  Higher two-dose VE was observed with > 6-week 
intervals between BNT162b2 doses compared to the authorized 3-week schedule, including ≥ 80-
year-olds. (This paper also includes information on GMTs at different time points post vaccination.)  


 


 



https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1





     


30 | P a g e  
 


 
 


4 Public Health 
England Week 20 
(May 20, 2021) 


UK 65+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222  


December-May 2021 This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  Comparisons for the first dose are made to unvaccinated, while 
comparisons for the second dose are made to 4-13 days post dose 2 to account for underlying 
differential risk between unvaccinated and vaccinated groups. AZD1222 post dose 1 not have any 
evidence of waning, while for BNT162b2 there is a slight increase in the odds of symptomatic 
disease at day 70+. 
 


  
 



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf
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3 Italian Instituo 
Superiore di 
Sanita 
(July 30, 2021) 


Italy Italian general adult 
population with at 
least 1 dose of vaccine 


Alpha BNT162b2 
AZD1222  
mRNA-1273  
Ad26.COV2.S 


December 27, 2020-
July 14, 2021 


This study linked Italy’s national vaccination registry with their surveillance data.  For each of the 
outcomes evaluated, a multivariable negative binomial model was used to estimate the incidence 
rate ratio at different time intervals post dose 1 and 2, compared to the time period of 0-14 days 
after the first dose.  VE is preserved against infection post complete vaccination for BNT162b2 at 
day 147-154, for mRNA-1273 at day 126-133, for AZD1222 at day 49-56, and for Ad26.COV2.S at 
day 49-56.  VE against hospitalization, ICU admission, and mortality also do not change significantly 
over time.   
 


 
 


2 Israel et al 
(August 5, 2021) 


Israel All fully vaccinated 
persons enrolled in 
Leumit Health Services  


Delta BNT162b2  May 15-July 26, 2021 There was a significantly higher rate of positive results among patients who received their second 
vaccine dose at least 146 days before the RT-PCR test compared to patients who have received 
their vaccine less than 146 days before: adjusted odds ratio for infection was 2.76 (95% CI 1.62-
3.08) for ≥ 60-year-old patients; 2.22 (95% CI 1.62-3.08) for patients 40-59-years; and 1.67 (95% CI 
1.21-2.29) for 18-39 year old patients. 



https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

http://medrxiv.org/content/early/2021/08/05/2021.08.03.21261496.abstract
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1 Lotan et al  
(July 31, 2021) 


Israel 16+ year olds enrolled 
at Maccabi Health 
Services 


Delta BNT162b2  June 1-July 27, 2021 The study compared the rate of breakthrough infection during June and July, when Delta was the 
dominant strain, between individuals who received 2 doses of the vaccine earlier this year to 
individuals who received two doses of the vaccine more recently, while adjusting for confounders. 
The authors report that persons vaccinated between January and February 2021 had a 53% (95% 
CI: 40-68%) increased risk of breakthrough infection in June and July compared to individuals 
vaccinated between March and April 2021.  There was no difference by age groups 16-39, 40-59, 
≥60 years. No unvaccinated persons were included in the study; thus, vaccine effectiveness was 
not evaluated 


 


  



https://www.medrxiv.org/content/10.1101/2021.07.29.21261317v1
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3. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness Against Transmission§ 
# Reference 


(date) 
Country Design Population Dominant 


Variants 
(Alpha=B.1.1.7 
Beta=B.1351 
Gamma=P.1 
Delta=B.1617.2 


History 
of COVID 


Vaccine Product Outcome 
Measure 


1st Dose VE % 
(95%CI) 


Days post 1st 
dose 


2nd Dose VE % 
(95% CI) 


Days post 2nd 
dose 


Max 
Duration 
of follow 
up after 
fully 
vaccinated  


6 de Gier et 
al* (August 
5, 2021) 


Netherlands Retrospective 
cohort 


113,582 index 
cases (aged 
18+) and 
253,168 
household 
and other 
close contacts 
(all ages) 


Alpha^ Unknown AZD1222 Transmission to 
any  household 
contacts 
(adjusted for 
contact 
vaccination 
status)  


15 (4-26) 14+‡ 58 (−12-84) 7+ ~15 weeks 


BNT162b2 26 (12-37) 70 (61-77) 


mRNA-1273 51 (8-74) 88 (50-97) 


Ad26.COV2.S 77 (6-94) —   


5 Layan, 
Gilboa et al 
(July 
16,2021) 


Israel  Prospective 
cohort  


215 index 
cases and 687 
household 
contacts from 
210 Israeli 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Transmission to 
HHC by 
vaccinated vs. 
unvaccinated 
cases 


—    78(30-94) 7+ ~12 weeks 


4 Prunas et al 
(July 16, 
2021) 


Israel Retrospective 
cohort 


253,564 Israeli 


individuals 


from 65,264 


households 


with at least 1 


infected 


individual and 


at least 2 


members 


Original and 
Alpha¶  


Unknown  BNT162b2 Infectiousness 
given Infection  


—   —   41.3(9.5-73.0) 10+  


Transmission  88.5(82.3-94.8) 


3 Harris et 
al* 
(June 23, 
2021) 
[Update to 
Apr 28 
preprint] 


UK Retrospective 
cohort, case-
control 


970,128 


household 


contacts of 


index case 


(unvaccinated, 


vaccinated 


with AZD1222 


or BNT162b) 


Alpha£ Unknown  AZD1222 Documented 
infection 


48(38-57) >21 days after 
dose 1, including 
some with dose 2 


—     


BNT162b2 46(38-53 


2 Salo et al 
(July 10, 
2021) 


Finland Retrospective 
cohort 


Alphaⴕⴕ Excluded BNT162b2 & 
mRNA-1273 


Documented 
infection in 
HCW’s 


8.7 (-28.9-
35.4) 
 


2 weeks —    *10 weeks 
since dose 
1 



https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full
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[Update to 
May 30 
preprint] 


HCW and their 


unvaccinated 


spouses 


unvaccinated 
spouses  


Documented 
infection in 
HCW’s 
unvaccinated 
spouses 


42.9 (22.3-
58.1) 
 


10 weeks (combo 
of 1+2 dose 
recipients) 


—    


1 Shah et al.  
(Mar 11, 
2021) 


UK - 
Scotland  


Retrospective 
Cohort 


144,525 


healthcare 


workers 


(HCWs) and 


194,362 


household 


members 


original & 


Alpha£ 


excluded  BNT162b2 & 
AZD1222 


Household 
members of 
HCWs: 
Documented 
infection2  


30 (22-37) ≥14 54 (30-70) ≥14  


§Study results captured during literature search of vaccine effectiveness studies. Note this is not an exhaustive list of transmission studies. 
Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports



https://www.medrxiv.org/content/10.1101/2021.03.11.21253275v1

https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports





     


35 | P a g e  
 


 


 4. Vaccine Impact: Summary of Ecologic Study Results for Post-Authorization COVID-19 Vaccine Products# 


# Reference (date) Country Design Population 
Dominant 
Variants Vaccine Product Descriptive Findings 


48 Escobar-Agreda et 
al (August 5, 2021) 


Peru Survival analysis 998,295 adults aged 
18-59 with SARS-CoV-2 
infection in Peru 


Non-VOCⴕⴕ Sinopharm This study assessed the survival of healthcare workers 
(HCWs) infected with SARS-CoV-2 in periods before 
and after vaccination by comparing the hazard of 
death in the second wave of SARS-CoV-2 transmission 
(2021, just before and during vaccination) to the first 
wave (2020, pre-vaccination). At the start of the 
second wave (before vaccination), the hazard of death 
among infected HCW was twice the hazard of death in 
the first wave (HR=2). After vaccination began in 
February, the hazard ratio decreased over time, 
reaching 0.125 as of 3.5 months after the start of 
vaccination among HCW. The authors also compared 
survival among infected HCW to survival of infected 
members of the general population (who were 
unvaccinated at the time) during the second wave.  
Survival was greater among infected HCW than those 
infected in the general population, particularly starting 
14 days after the administration of dose 2 among HCW 
began (March 15 onward).   


47 Banho et al 
(July 31,2021) 


Brazil  Retrospective cohort 
 


Residents of São José 
do Rio Preto, northeast 
region of the state of 
São Paulo  


 
 


Gamma AZD1222 and 
CoronaVac 


This retrospective study was conducted between 
October 2020 to June 2021 to report the spread of the 
P.1(Gamma) variant in São José do Rio Preto, Brazil, 
and study the association of the Gamma variant with a 
change in the epidemiological profile, with increased 
numbers of severe COVID-19 cases and deaths, 
especially in the unvaccinated population. Following 
P.1 introduction, a rapid increase in prevalence was 
observed, reaching more than 96% of the sequenced 
genomes from March to June. There was a marked 
increase in mortality as variant P.1 became dominant 
increasing by 162% (95% CI: 127, 214) when comparing 
July-September 2020 to March-April 2021. Vaccination 
with CoronaVac vaccine and AstraZeneca was 
associated with a moderate reduction in the number 
of cases (best-fit slope – 0.21, 95% CI: –0.03, –0.39). 
However, it was associated with a pronounced 
reduction in severe cases (–0.55, 95% CI: –0.34, –0.76) 
and deaths (–0.58, 95% CI: –0.39, –0.77) 
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46 Feder et al (August 
1, 2021) 


USA Retrospective cohort 
 


9,048 specimens 
representing 89% of 
Maryland residents 


E484K and 
L452R 
mutations 
 


BNT162b2, mRNA-
1273, and 
Ad26.COV2.S 
 


This study estimated the prevalence of infections in 
fully vaccinated individuals (14+ days after final 
scheduled dose of COVID-19 vaccine) and association 
with infections caused by E484K mutations to those 
not carrying E484K, between infections caused by 
viruses carrying L452R to those not carrying L452R. In 
adjusted analysis, the E484K substitution was 
associated with an increase in the odds of the 
sequenced specimen being collected from a fully 
vaccinated person (OR 1.96, 95% CI, 1.36 to 2.83). The 
L452R mutation was not significantly associated with 
infections in vaccinated persons (OR 1.07, 95% CI, 0.69 
to 1.68). 


45 Pezzotti et al  
(July 27, 2021) 


Italy Retrospective cohort 
 


General population  Unknown  BNT162b2, mRNA-
1273, AZD1222, 
Ad26.COV2.S 
 


This study was undertaken by obtaining data from the 
National Vaccination Registry of the Ministry of Health 
for Italy, and included all Italian persons receiving one 
dose of any authorized COVID-19 vaccine from 27the 
December, 2020. The study estimated the incidence 
rate of SARS-CoV-2 infection and subsequent 
hospitalizations, admission to an ICU, and death. It is 
observed that the the incidence of COVID-19 
diagnoses declined from 1.19 per 10,000 person-days 
in the first 14 days after the first dose to 0.28 in 
completely vaccinated persons. The hospitalization 
rate in vaccinated persons before 16 May 2021 
decreased from 0.27 per 10,000 person-days in the 
first 14 days after the first dose to 0.03 in those 
completely vaccinated. The mortality rate in 
vaccinated persons before 16 May 2021 varied from 
0.08 per 10,000 person-days in the first 14 days after 
the first dose to 0.01 in completely vaccinated 
persons. 


44 Núñez López et al 
(July 27, 2021) 


 


Spain Prospective cohort 8329 HCW from La Paz 
University Hospital in 
Madrid 


Non-VOC, 


Alphaⴕⴕ 


BNT162b2 This prospective observational study was conducted 
between January 12, 2020 and July 3, 2021, comparing 
the incidence and prevalence of COVID-19 infections 
among HCW from the hospital before and after 
vaccination of the cohort. Vaccination occurred 
between January 10-19, 2021 (dose 1) and February 1-
9 (dose 2) for about 90% of the HCW. Starting about 2 
weeks after the first round of vaccinations, daily 
incidence of COVID-19 among HCW dropped 
substantially and reached 0 as of 8 days after the 
administration period of the second dose. Further 
positive cases among HCW during the study period 
occurred only among partially vaccinated or 
unvaccinated HCWs, and were minimal. Additionally, 
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prior to vaccination of HCWs, the trend in the 
prevalence of COVID-19 infection among HCWs was 
approximately parallel to the trend in the prevalence 
of COVID-19 patients hospitalized in the same hospital. 
As of two weeks after the first round of vaccination, 
the curves began to diverge.  


43 Bobdey et al (July 
26, 2021) 


India Retrospective cohort 3196 employees and 
students of a tertiary 
care institute in 
Maharashtra 


Non-VOC, 


Deltaⴕⴕ 


AZD1222 (SII) One analysis in this study compared the secondary 
attack rates of COVID-19 among High Risk Contacts of 
cases during the pre-vaccination period (Jun-Oct 2020) 
versus during the post-vaccination study period (1 Feb-
25 April, 2021). High Risk Contacts included people 
from the institute who live in the same dormitory and 
use the same bathrooms as confirmed cases. There 
were three cases from three different dormitories 
during the study period considered for the analysis. 
Two secondary cases occurred, resulting in a 
Secondary Attack Rate (SAR) of 4.25% during the post-
vaccination period, significantly lower than the SAR of 
21.42% in the pre-vaccination period (p<0.05).  


42 Rubin et al (July 23, 
2021) 
 


USA Prospective cohort 10,700 district 
employees in 
Philadelphia 


Alpha BNT162b2 
 


This study was conducted in the School District of 
Philadelphia to assess the percentage of positive Rapid 
Antigen test reports in staff members following 


vaccination with BNT162b2. Weekly SARS-CoV-2 


antigen screening tests required of all employees 
returning for in-school instruction in the School District 
of Philadelphia found a 95% lower percentage of 
positive test results among persons who reported 
receipt of 2 doses of COVID-19 mRNA vaccine (0.09%) 
than among those who were unvaccinated (1.77%). 


41 Pastorino et al (July 
23, 2021) 


Multiple Ecologic  General population 
from 40 countries  


Unknown  Not specified  This study collected data on COVID-19 deaths reported 
from countries that had publicly available age-
stratified data till end of May,2021 to estimate the 
proportion of COVID-19 deaths in the age group 0-69 
compared to two pre-vaccination control periods. In 
total, 40 countries were included for the analysis. The 
proportions of COVID-19 deaths that occurred in 
people 0-69 years old were relatively lower in high-
income countries. The data showed that the use of 
COVID-19 vaccines was associated with a marked 
change in the age distribution of COVID-19 deaths in 
the first 5 months of 2021 


40 Mor et al (July 
23,2021) 


Israel  Retrospective cohort 596 cases and 2515 
controls  


Beta  BNT162b2 This study was undertaken from information retrieved 
from the Israeli Ministry of Health database, and 
included vaccinated and unvaccinated cases that were 
positive for either the B.1.1.7 variant or B.1.351 
variant.  The matching was done with one single 
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vaccinated case matched to one or up to 10 
unvaccinated cases on a number of key variables. The 
study calculated the VE against Beta variant, assuming 
that the vaccine efficacy against the Alpha variant is 
95%. The VE against the beta variant was estimated to 
be 93%(CI: 87%-97%).  


39 Alencar et al (July 
13,2021) 


Brazil  Retrospective cohort 313,328 elderly 
people(75+) from 
Ceara, north-east Brazil 


Unknown AZD1222 and 
CoronaVac 


This study used data from National Mortality System 
(SIM) and from the Immunization Program (SIPNI) 
between 17 January and 11 May 2021, for people aged 
75 years and above to evaluate the impact of COVID-
19 vaccinations on reducing the total number of 
deaths. The mortality rate among the unvaccinated 
elderly was more than 132 times higher, as compared 
to those who had received two doses of a vaccine, 
with a protection ratio for deaths of 99.2%. 


38 Visci et al 
(July 20,2021) 


Italy Retrospective cohort 20,109 HCWs and 
4,474,292 residents  


Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study included HCWs in Italy 
from March 9, 2020 to April 4, 2021. The study aimed 
to assess the patterns of SARS-CoV-2 infections in 
HCWs compared to the general population and to 
evaluate the impact of vaccination. In order to 
calculate the change in test positivity ratios amongst 
the general population and HCWs for each week, the 
authors conducted Joinpoint analyses. The results 
show a significant decrease in the ratio of positive 
tests in the general population from the end of 
January and amongst HCWs from the end of December 
2020, indicating the impact of vaccination. 


37 Mateo-Urdiales et 
al  
(July 7,2021) 


Italy  Retrospective cohort Healthcare workers Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study was undertaken to 
describe the impact of vaccination on SARS-CoV-2 
infections among HCWs aged 20-65 years. From 21st of 
December to 28th March, 2,977,506 doses of vaccines 
were administered in the study population. The total 
proportion of cases and symptomatic cases reported 
amongst HCWs, after adjusting, showed a sustained 
decrease beginning approximately one month after 
vaccination started. By the end of March 2021, there 
was a 74% reduction in the proportion of all cases 
amongst HCWs and an 81% reduction in the 
proportion of symptomatic cases amongst HCWs 
compared to September 2020. 


36 Waldman et al* 
(July 21, 2021) 


USA Retrospective cohort 16,156 faculty, 
students, and staff at 
an academic medical 
center 


Original and 


Alpha ⴕⴕ 


BNT162b2 and 
mRNA-1273 


This retrospective cohort study assessed the impact of 
vaccination on the incidence of SARS-CoV-2 infection, 
hospitalization, and mortality among faculty, students, 
and staff at the University of California Davis medical 
center. COVID-19 incidence decreased from 3.2% 
during the 8 weeks before vaccination began to 0.38% 
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4 weeks after the start of vaccination. A single dose of 
either vaccine reduced the hazard of testing positive 
by 48% (HR=0.52, CI 0.40-0.68) and the positivity rate 
for SARS-CoV-2 14+ days after the second dose was 
0.04%. There were no hospitalizations or deaths 
among fully vaccinated (14+ days after dose 2) HCWs 
who tested positive.  


35 Toniassoa et al  
(July 13,2021) 


Brazil  Cross-sectional  7523 HCWs in a 
hospital in Southern 
Brazil 


Unknown  CoronaVac,  
AZD1222 
 


This is a cross-sectional study conducted on 7523 
vaccinated (both partial and full vaccination) Brazilian 
healthcare workers to detect the prevalence of COVID-
19 diagnosis. The diagnosis of COVID-19 in the past 
reduced the prevalence of new infections by 68% (PR: 
0.32 95% CI: 0.19 – 0.56). After the first dose, infection 
prevalence decreased by 7% every week (PR: 0.93 95% 
CI: 0.89 – 0.97) regardless of the type of vaccine. An 
important finding was that a previous diagnosis of 
COVID-19 over 45 days ago reduced prevalence by 
71% (PR: 0.29 95% CI: 0.11 – 0.75) among those 
professionals. 


34 Wiliams et al  
(July 8,2021) 


USA Outbreak study  31 residents and 22 
staff members working 
in a LTCF in the US 


Gamma  BNT162b2 and  
mRNA-1273 


This study was conducted in an outbreak setting in a 
long-term care facility where the predominant SARS-
CoV-2 variant was determined as the P.1(Gamma 
variant).Vaccine effectiveness against SARS-CoV-2 
infection was 52.5% (95%CI 26.9-69.1%) in residents 
and 66.2% (95%CI, 2.3-88.3%) in staff. VE against 
severe illness was 78.6% (95%CI 47.9-91.2) in 
residents. Assuming that all residents and staff of the 
home were exposed, the estimated VE against SARS-
CoV-2 infection was 66.0% (95%CI 40.6-80.5%) in 
residents and 63.5% (95%CI 11.5-85.0%) in staff 


33 Shacham et al 
(July 5, 2021)  


USA Ecologic  Residents of 115 
counties and 2 cities in 
Missouri 


Unknown Unspecified 
(BNT162b2, 
mRNA-1273, 
Ad26.COV2.S 
available) 


Ecologic study evaluating the relationship between the 
cumulative proportion of residents vaccinated and 
weekly incidence of COVID-19 by location in 115 
counties and 2 cities in Missouri (total n=117 locations) 
from January 4 to June 26, 2021 (25 weeks). The 
relationship was found to likely be linear during the 
study period and was adjusted for other variables 
related to COVID-19 (population, proportion of 
nonwhite residents, median household income, 
proportion of residents in public-facing occupations). 
The final adjusted linear model showed the 
relationship was significant, with every percent 
increase in population vaccinated resulting in 3 fewer 
weekly COVID-19 cases (β -3.74, p<0.001). Locations 
with higher proportions of nonwhite residents were 
also likely to experience lower weekly incidence of 
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COVID-19 after adjusted for other variables (β -1.48, 
p=0.037).  


32 Greene, Sharon et 
al  
(July 5,2021) 


USA  Regression 
discontinuity  


1,101,467 65-84-year-
old NYC residents  


 


Unknown  BNT162b2 and  
mRNA-1273 


A regression discontinuity study comparing the rate of 
hospitalization and deaths among 65-84 year-olds 
during an 8-week post-implementation phase of SARS-
CoV-2 vaccines in New York City with the pre-
implementation period, controlling for the epidemic 
trend among 45-64-year-olds, a group without 
concurrent age-based vaccine eligibility. It is observed 
that hospitalization rates among 65-84 year-olds 
during the post-implementation period had a 
statistically significant decrease as compared to the 
pre-implementation period with a RR of 0.85(95% CI 
0.74-0.97). Similar decrease in death rates was 
observed during the post-implementation period but 
this finding was not statistically significant (RR 0.85, 
95% CI: 0.66–1.10, P = 0.22). 


31 Victora et al  
(July 15,2021) 
[Update to June 19 
preprint] 


Brazil  Ecologic  Brazilian population  Gamma AZD1222 and 
CoronaVac  


Calculated proportionate mortality of COVID-19 deaths 
at ages 70-79 and 80+ and COVID-19 age-specific 
mortality rates using Brazilian Ministry of Health data 
from January 3- May 15, 2021 in a setting of 
predominant Gamma variant transmission. The 
proportion of all COVID-19 deaths for ages 80+ years in 
weeks 1-6 was 25% which subsequently reduced to 
12.4% in week 19 following the vaccination program. 
For individuals aged 70-79 years, the proportionate 
mortality showed a substantial decline in April-May.  
The mortality rate ratio for persons aged 80+ relative 
to those aged 0-69 reduced from 13.3 in January to 8.0 
in week 19, and a gradual decline in the rate ratios was 
observed for ages 70-79 from 13.8 in week 1 to 5.0 in 
week 19.  


30 Jacobson et al (June 
17,2021) 


USA  Retrospective cohort  Healthcare workers  Alpha, 
Epsilon 


BNT162b2 and  
mRNA-1273 


A retrospective report of 660 SARS-Cov-2 cases 
detected by PCR test among HCW at a single-site 
medical center. Described proportions of cases and 
compared mutation prevalence among unvaccinated, 
early post-vaccinated (≤14 days after dose 1), partially 
vaccinated (>14 days after dose 1 and ≤14 days after 
dose 2), and fully vaccinated (>14 days after dose 2). 
189 of 660 cases detected were post-vaccine SARS-
CoV-2 cases (PVSC, defined as occurring in those who 
had received at least one dose of vaccine). 60.3% of 
the 189 PVSCs occurred early post-vaccination, 25.9% 
were among partially vaccinated individuals, and 
13.8% were among those fully vaccinated.  Incidence 
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of the L452R mutation (presumed to indicate the 
Epsilon variant) did not vary by vaccination status. 


29 Christie et al (June 
7, 2021) 


USA Impact US population  Unknown Unspecified ( 
BNT162b2, mRNA-
1273 


Calculated rates of COVID-19 cases, emergency 
department (ED) visits, hospital admissions, and 
deaths by age group during November 29–December 
12, 2020 (pre-vaccine) and April 18–May 1, 2021. The 
rate ratios comparing the oldest age groups (≥70 years 
for hospital admissions; ≥65 years for other measures) 
with adults aged 18–49 years were 40%, 59%, 65%, 
and 66% lower, respectively, in the latter period 


28 Guijarro et al (June 
28, 2021) 
[Update to Jun  3  
preprint] 


Spain Impact HCW compared to 
community 


Unknown BNT162b2 Incidence rates of SARS-CoV-2 infection after the first 
dose of mRNA SARS-CoV-2 vaccine declined by 71% 
(Incidence Rate Ratio (IRR) 0.286 , 95% confidence 
interval (CI) 0.174-0.468) and by 97% (IRR 0.03 95% CI 
0.013-0.068,) after the second dose as compared to 
the perivaccine time. SARS-CoV-2 incidence rates in 
the community (with a negligible vaccination rate) had 
a much lower decline: 2% (IRR 0.984; 95% CI 0.943-
1.028) and 61% (IRR 0.390, 95% CI 0.375-0.406) for 
equivalent periods. Adjusting for the decline in the 
community, the reduction in the incident rates among 
HCW were 73% (IRR 0.272; 95% CI 0.164-0.451) after 
the first dose of the vaccine and 92 % (IRR 0.176, 95% 
CI 0.033-0.174;) after the second dose.  


27 Sansone et al (May 
13, 2021) 


Italy Impact HCW Alpha BNT162b2 Community cases increased during the study period 
while cases in vaccinated HCWs only minimally 
increased and then stabilized. 


26 White et al. 
(May 19, 2021) 


USA Impact LTCF Unknown BNT162b2 and  
mRNA-1273 


Evaluated an administrative database of a large LTCF 
company across USA. Evaluated 21,815 persons, .  80% 
Pfizer+20% Moderna; 60% 2 dose +24% 1 dose.  
Disease incidence goes down in 
vaccinated/unvaccinated.  


25 Munitz et al  
(May 18, 2021)  


Israel  Ecologic  Israeli Population  Alpha  BNT162b2 Evaluated the transmission dynamics of B.1.1.7(Alpha) 
variant and to study the impact of the national 
vaccination program on the general population and 
the elderly. The study analysed 292,268 RT-PCR 
samples collected from December 6,2020 to February 
10,2021.  In the first week of February, B.1.1.7 variant 
was the predominant variant identified in more than 
90% of the positive tests. The B.1.1.7 variant was 1.45 
more transmissible than the wild-type strain (95% 
confidence interval [CI]: 1.20–1.60). The effective 
reproduction number for B.1.1.7 was estimated to be 
1.71 (95% CI: 1.59– 1.85) compared with 1.12 (95% CI: 
1.10–1.15) observed for the wild-type. To evaluate the 
impact of preventive policies against the B.1.1.7 
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variant, the authors stratified the distribution of new 
COVID-19 cases in different age groups. It was 
observed that an increase in the incidence of the 
variant was noted in the 60+ years aged group through 
January 13,2021, following which the incidence 
plateaued and subsequently declined, which coincided 
with the rapid uptake of vaccine in this age group. 


24 Domi et al  
(May 6,2021) 


USA Impact LTCF unknown BNT162b2 Evaluated data from 2501 nursing homes in the US in 
17 states.  Used zero-inflated negative binomial mixed 
effects regressions to model the associations of time 
since the vaccine clinic ending the week of December 
27, 2020 (cohort 1), January 3, 2021 (cohort 2) or 
January 10, 2021 (cohort 3) controlling for county rate 
of COVID-19, bed size, urban location, racial and ethnic 
census, and level of registered nurses with resident 
cases and deaths of COVID-19 and staff cases of 
COVID-19. Resident and staff cases trended downward 
in all three cohorts following the vaccine clinics. Time 
following the first clinic at five and six weeks was 
consistently associated with fewer resident cases (IRR: 
0.68 [95% CI: 0.54-0.84], IRR: 0.64 [95% CI: 0.48-0.86], 
respectively); resident deaths (IRR: 0.59 [95% CI: 0.45-
0.77], IRR: 0.45 [95% CI: 0.31-0.65], respectively); and 
staff cases (IRR: 0.64 [95% CI: 0.56-0.73], IRR: 0.51 
[95% CI: 0.42-0.62], respectively). Other factors 
associated with fewer resident and staff cases included 
facilities with less than 50 certified beds and high 
nurse staffing per resident day (>0.987). Contrary to 
prior research, higher Hispanic non-white resident 
census was associated with fewer resident cases (IRR: 
0.42, 95% CI: 0.31-0.56) and deaths (IRR: 0.18, 95% CI: 
0.12-0.27). 


23 Haas et al.  
(May 13, 2021) 


Israel Impact Israeli population Alpha¶ BNT162b2 Used national surveillance data from the first 112 days 
(Dec 20, 2020 ‒ Apr 10, 2021) of Israel’s vaccination 
campaign to estimate averted burden of four 
outcomes: SARS-CoV-2 infections and COVID-19-
related hospitalizations, severe or critical 
hospitalizations, and deaths. Estimated that Israel’s 
vaccination campaign averted 158,665 (95% CI: 
115,899‒201,431) SARS-CoV-2 infections, 24,597 
(6,622‒42,571) hospitalizations, 17,432 (3,065‒
31,799) severe and critical hospitalizations, and 5,533 
(-1,146‒12,213) deaths. Of these, 66% of 
hospitalizations and 91% of deaths averted were 
among those ≥65 years of age. 73% of SARS-CoV-2 
infections and 79% of COVID-19-related 
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hospitalizations and deaths averted stemmed from the 
protective effects in fully vaccinated persons.  


22 Rana et al. 
(May 11, 2021) 


Bangladesh Cross-sectional 11 districts in 
Bangladesh 


Unknown AZD1222 Cross-sectional study in 11 districts in Bangladesh. 
Offered voluntary testing. A total of 6146 suspected 
samples were tested and 1752 were found positive for 
SARS-CoV-2. Of the positives, 200 individuals had 
received a first dose of AZ. Among the vaccinated 
cases, 165 (82.5%) did not require hospitalization and 
177 (88.5%) did not have respiratory difficulties.  


21 Garvey et al.* 
(Apr 28, 2021)  


UK ecologic University Hospitals 
Birmingham (UHB) 
HCWs  


Alpha£ BNT162b2 An occupational health database of all COVID-19 
positive HCWs was interrogated against an informatics 
search of all vaccinated HCWs.   A multivariate logistic 
regression model found that being vaccinated was 
associated with a decreased probability of testing 
positive (p = 1.40 × 10−10, odds ratio 2.35, 95% CI: 1.81-
3.05). The model also found that the probability of 
testing positive decreases as the gap between 
vaccination and testing increases (p = 0.00607). A 
weighted cox regression demonstrated that 
vaccination was associated with a significantly lower 
hazard of testing positive during the time period in 
question (p < 0.0001). This model gave a generalized 
concordance probability of 0.24 (95% CI: 0.20, 0.28), 
meaning that a HCW who had been vaccinated had 
only a 24% probability of testing positive before an 
equivalent unvaccinated HCW. 


20 Ackland et al. 


(Apr 22, 2021) 


UK ecologic UK adults  Alpha^ BNT162b2, mRNA-


1273, AZD1222 


Used national data on cases and deaths to estimate 


CFR. Found that from the second half of January, the 


CFRs for older age groups show a marked decline. 


Since the fraction of the VOC has not decreased, this 


decline is likely to be the result of the rollout of 


vaccination. 


19 Lillie et al.* 
(Apr 24, 2021) 


UK ecologic Healthcare workers Alpha^ BNT162b2 Symptomatic staff underwent routine testing together 
with routine (asymptomatic) Lateral Flow Device (LFD) 
testing of all clinical staff.  Starting Jan 2021 827 (8.3%) 
of staff had received their first dose of vaccine, 
increasing to 8243 (82.5%) by the end of February. 
Cases of SARS-CoV-2 amongst staff reduced from 120 
cases to 10 cases over the same period.  


18 Rossman et al.* 


(Apr 19, 2021) 


Update to Feb 9 


preprint) 


Israel Impact Israeli population Alpha^ BNT162b2 Analysis of data from the Israeli Ministry of Health 


collected between 28 August 2020 and 24 February 


2021. Compared: (1) individuals aged 60 years and 


older prioritized to receive the vaccine first versus 


younger age groups; (2) the January lockdown versus 


the September lockdown; and (3) early-vaccinated 



https://www.medrxiv.org/content/10.1101/2021.05.10.21256529v1.full.pdf

https://www.journalofinfection.com/article/S0163-4453(21)00214-0/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.14.21255385v1

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab351/6248435

https://www.nature.com/articles/s41591-021-01337-2
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versus late-vaccinated cities. A larger and earlier 


decrease in COVID-19 cases and hospitalization was 


observed in individuals older than 60 years, followed 


by younger age groups, by the order of vaccination 


prioritization. This pattern was not observed in the 


previous lockdown and was more pronounced in early-


vaccinated cities. 


17 Mor et al.  
(Apr 16, 2021) 


USA Impact  80 nursing homes 
located across 21 
states. 


unknown BNT162b2 & 
mRNA-1273 


Matched pairs analysis of 280 nursing homes in 21 
states owned and operated by the largest long‐term 
care provider in the United States. Compared data 
from nursing homes that had their initial vaccine 
clinics between December 18, 2020 and January 2, 
2021, versus between January 3, 2021 and January 18, 
2021.  Outcomes were incident SARS‐CoV‐2 infections 
per 100 at‐risk residents per week and hospital 
transfers and/or deaths per 100 residents with 
confirmed SARS‐CoV‐2 infection per day, averaged 
over a week. Adjusted for facility infection rates in the 
fall. After 1 week, early vaccinated facilities had a 
predicted 2.5 fewer incident SARS‐CoV‐2 infections per 
100 at‐risk residents per week (95% CI: 1.2–4.0). 


16 Faria et al. 
(Apr 15, 2021)  


Brazil  Impact (model) HCWs in Sao Paulo Gamma^ CoronaVac HCWs in Hospital das Clinicas received vaccine before 
the general population of Sao Paulo. Using a period 
before vaccination, a Poisson regression was fit to 
model expected COVID-19 cases among HCWs based 
on the number of cases in Sao Paulo. Study then 
compared the expected number of cases among HCWs 
after vaccination (based on the model) to the observed 
numbers of cases in HCWs. The estimated 
effectiveness 2 and 3 weeks after the 2nd dose was 
50.7% and 51.8%, respectively, and increased over the 
next 2 weeks.  


15 PHE 
(Apr 8, 2021) 


UK Impact UK adults  Alpha^ BNT162b2 & 
mRNA-1273 


Daily impact of vaccination on deaths was estimated 
based on vaccine effectiveness against mortality 
multiplied by vaccine coverage. Observed deaths were 
then divided by the impact to estimate the expected 
deaths in the absence of vaccination. By the end of 
March 2021, they estimated that 9,100 deaths were 
averted in individuals aged 80 years and older, 1,200 in 
individuals aged 70 to 79, and 100 in individuals aged 
60 to 69 years giving a total of 10,400 deaths averted 
in individuals aged 60 years or older. 


14 Jones et al.  
(Apr 8, 2021) 


UK Ecologic Cambridge University 
healthcare workers 


Alpha^ BNT162b2 Screened vaccinated and unvaccinated HCWs for two 
weeks then compared proportion of positive tests in 
unvaccinated vs. vaccinated groups. Found four-fold 
decrease in risk of asymptomatic SARS-Cov-2 infection 



https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.17176

https://www.medrxiv.org/content/10.1101/2021.04.12.21255308v1.full.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/977249/PHE_COVID-19_vaccine_impact_on_mortality_March.pdf

https://elifesciences.org/articles/68808
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among HCWs ≥12 days post-vaccination compared to 
unvaccinated HCWs.  


13 Rivkees et al. 
(Apr 7, 2021) 


US - FL Ecologic Florida population original and 


Alpha¥ 


BNT162b2 & 
mRNA-1273 


Ecologic analysis of vaccinations in Florida. Through 
March 15, 2021, 4,338,099 individuals received COVID-
19 vaccine, including 2,431,540 individuals who 
completed their vaccination series. Of all those 
vaccinated, 70% were 65 years of age and older, and 
63% of those 65 years of age and older. Beginning 
February 1, 2021, the decline in the number of new 
cases per week became greater in those 65 years of 
age and older than those younger. By March 15, 2021, 
the number of new cases, hospitalizations, and deaths 
per day for those 65 years of age and older relative to 
mid-January, were 82%, 80%, and 92% lower 
respectively. In comparison, the number of new cases, 
hospitalizations, and deaths per day for those younger 
than 65 years of age were 70%, 60%, and 87% lower 
respectively. Reductions in rates in those 65 year of 
age and older, were thus greater than in those who 
were younger (p-value <0.01, Wilcoxon test).  


12 Hollinghurst et al.  
(Mar 24, 2021) 


UK—Wales  Cohort (but no 
control) 


14,501 vaccinated 
older adult residents in 
a Wales care home 


original and 


Alpha£ 


BNT162b2 & 
AZD1222 


Observational data-linkage using electronic health 
records and administrative data. Developed a Cox 
proportional hazards models to estimate hazard ratios 
for the risk of testing positive for SARS-CoV-2 infection 
following vaccination. Outcome of interest was the 
time to a positive SARS-CoV-2 PCR test following 
vaccination. Kaplan-Meier curve and empirical 
cumulative distribution function suggest a susceptible 
period of vaccinated individuals up to 42 days, with 
approximately 40% of individuals having a positive PCR 
test within 7 days, 60% within 14-days, 85% within 21-
days, 90% within 28-days, and over 95% within 35-
days. 


11 Milman et al. 
(Jun 11, 2021) 
[Update to Mar 23 
preprint] 


Israel Ecologic  Maccabi Healthcare 
Services, 644,609 
individuals in 177 
communities 


original & 
Alpha¶ 


BNT162b2  Rates of vaccination in each community are highly 
correlated with a later decline in infections among a 
cohort of under 16 years old which are unvaccinated. 
These results provide observational evidence that 
vaccination not only protects individual vaccinees but 
also provides cross-protection to unvaccinated 
individuals in 
the community. 


10 Keehner et al. 
(Mar 23, 2021) 


US - CA Ecologic  Healthcare workers in 
the UCLA and UCSD 
systems 


original¥  BNT162b2 &  
mRNA-1273 


Among the vaccinated health care workers, 379 people 
tested positive for SARS-CoV-2 at least 1 day after 
vaccination, and the majority (71%) of these persons 
tested positive within the first 2 weeks after the first 
dose.  



https://www.medrxiv.org/content/10.1101/2021.04.05.21254722v1

https://www.medrxiv.org/content/10.1101/2021.03.19.21253940v1

https://www.nature.com/articles/s41591-021-01407-5#citeas

https://www.nejm.org/doi/full/10.1056/NEJMc2101927
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9 Daniel et al. (Mar 
23, 2021) 


US - TX Ecologic Healthcare workers 
from the UTSW 


original¥ BNT162b2 &  
mRNA-1273 


After vaccination, they observed a greater than 90% 
decrease in the number of employees who are either 
in isolation or quarantine. 


8 Benenson et al. 
(Mar 23, 2021) 


Israel Ecologic Healthcare workers at 
Hadassah Hebrew 
University Medical 
Center 


Alpha^ BNT162b2 Among vaccinated workers, the weekly incidence of 
COVID-19 since the first dose declined notably after 
the second week; the incidence of infection continued 
to decrease dramatically and then remained low after 
the fourth week. 


7 Roghani 
(Mar 17, 2021) 


US – TN Ecologic Residents of Tennessee original¥ BNT162b2 &  
mRNA-1273 


Between 12/17/20 and 3/3/21 found that the daily 
incidence among the entire population over 71 
dropped from 0.1% to 0.01% of the age group (90% 
reduction) while for younger ages incidence dropped 
from 0.2% to 0.05% (75% reduction). 


6 Puranik et al.  
(March 8, 2021) 


US Ecologic 87 million individuals 
from 580 counties in 
the United States 


original¥ BNT162b2 & 
mRNA-1273  


Compares the cumulative county-level vaccination 
rates with the corresponding COVID-19 incidence rates 
among 87 million individuals from 580 counties in the 
United States, including 12 million individuals who 
have received at least one vaccine dose. Found that 
cumulative county-level vaccination rate through 
March 1, 2021 is significantly associated with a 
concomitant decline in COVID-19, with stronger 
negative correlations in the Midwestern counties and 
Southern counties. 


5 Rinott et al (March 
8, 2021) 


Israel Ecologic Persons needing 
ventilation 


Orginal & 
alpha 


BNT162b2 The number of COVID-19 patients aged ≥70 years (who 
had the highest 2-dose vaccination coverage, 84.3%) 
requiring mechanical ventilation was compared with 
that of patients aged <50 years, who had the lowest 2-
dose vaccination coverage (9.9%). Since 
implementation of the second dose of the vaccination 
campaign, the ratio of COVID-19 patients requiring 
mechanical ventilation aged ≥70 years to those aged 
<50 years has declined 67%, from 5.8:1 during 
October–December 2020 to 1.9:1 in February 2021. 


4 De-Leon et al. 
(Feb 8, 2021) 


Israel Ecologic Modeling Israel population over 
60 years old 


original & 


Alpha¶ 


BNT162b2 Looked at whether the high vaccine coverage among 
individuals aged over 60 years old creates an 
observable change in disease dynamics using real and 
simulated data.  Based on model, vaccine is at least 
50% effective. 


3 CHPE-LTC 
(Feb 10, 2021) 


US - 
national 


Ecologic Residents of long term 
care facilities that 
received vaccine 
through the federal 
pharmacy partnership. 


original¥ BNT162b2 &  
mRNA-1273 


Three weeks after the first vaccine clinic the rates of 
new COVID-19 infection dropped more in the 797 SNFs 
that held vaccine clinic compared to those that did not 
in the same county (48% vs 21%, respectively). 


2 Dunbar et al. 
(Feb 10, 2021) 


US - VA Ecologic Healthcare workers in 
an academic hospital 


original¥ BNT162b2 &  
mRNA-1273 


After 60% of employees received the 1st vaccine dose, 
the HCW COVID-19 infection rate decreased by 50%. 
HCWs who were 14-28 days and > 28 days post-first 



https://www.nejm.org/doi/full/10.1056/NEJMc2102153

https://www.nejm.org/doi/full/10.1056/NEJMc2101951

https://www.medrxiv.org/content/10.1101/2021.03.16.21253767v1

https://www.medrxiv.org/content/10.1101/2021.03.05.21252946v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.02.02.21250630v1.full.pdf

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf

https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/impact-of-covid19-vaccination-program-on-healthcare-worker-infections-in-an-academic-hospital/ED4354C098E9DC1EF538E80F9C2510F7#authors-details
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#Includes studies published/posted up through Wednesday of current week.   
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 


¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports  


 
  


vaccine dose were less likely COVID-19 infected than 
non-vaccine recipients. 


1 Domi et al. 
(Feb 4, 2021)  


US Ecologic  LTCF residents and 
staff 


original¥ BNT162b2 & 
mRNA-1273 


Used CMS NHSN Public File data and Tiberius data and 
created an analytic cohort based on the schedule of 
the vaccination clinics taking place during the first 
week of the program (12/18/20 to 12/27/20). Created 
a comparison group, composed of facilities located in 
the same county that did not have a first vaccination 
clinic during that period. Found that COVID-19 cases 
decreased at a faster rate among both residents and 
staff associated with nursing homes that had 
completed their first clinic. Vaccinated nursing homes 
experienced a 48% decline in new resident cases three 
weeks after the first clinic, compared to a 21% decline 
among non-vaccinated nursing homes located in the 
same county. Similarly, new staff cases declined by 
33% in vaccinated nursing homes compared to 18% in 
non-vaccinated facilities. 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf
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5. Review Papers and Meta-analyses 


 
1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf 


2. https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2 


3. https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563 


4. https://www.nature.com/articles/s41577-021-00592-1 


5. https://www.cell.com/immunity/fulltext/S1074-7613(21)00303-4 


 
 
 


Please direct any questions about content to:  


• Anurima Baidya (abaidya1@jh.edu)  


• Karoline Walter (kwalte21@jhmi.edu) 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf

https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563

https://www.nature.com/articles/s41577-021-00592-1

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fimmunity%2Ffulltext%2FS1074-7613(21)00303-4&data=04%7C01%7Cmhigdon%40jhu.edu%7Ce7998abf90d045f64aa908d9614e997b%7C9fa4f438b1e6473b803f86f8aedf0dec%7C0%7C0%7C637647812486585148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=kFAdw6io3V3k8mHd%2F6VgQl2W5uJmUplaaJTq%2BuxHejI%3D&reserved=0

mailto:abaidya1@jh.edu
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Shyonna Johnson
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MMWRs 





*	Effectiveness of COVID-19 Vaccines in Preventing SARS-CoV-2 Infection Among Frontline Workers Before and During B.1.617.2 (Delta) Variant Predominance — Eight U.S. Locations, December 2020–August 2021. Link here. 


*	SARS-CoV-2 Infections and Hospitalizations Among Persons Aged ≥16 Years, by Vaccination Status — Los Angeles County, California, May 1–July 25, 2021. Link here.





CDC Resources   





Community





*	Contact Tracing Resources for Health Departments: CDC provides resources for conducting contact tracing to stop the spread of COVID-19.


*	How to Talk with Patients Who are Immunocompromised: CDC provides information for providers on discussing an additional dose of an mRNA COVID-19 vaccine with patients that are immunocompromised.


*	COVID-19 in Newly Resettled Refugee Populations: CDC offers guidance for refugees upon arrival in the US as well as information on how communities and providers can support resettled refugee populations during the COVID-19 pandemic.


*	Resources for Refugee Resettlement Service Providers: CDC provides guidance and other resources that may be useful when resettlement service providers interact with refugee clients in a variety of group settings. 





 





Science and Data





*	The Possibility of COVID-19 after Vaccination: Breakthrough Infections: CDC provides information on what is currently known about COVID-19 vaccine breakthrough infections. 


*	COVID-19 Delta Variant Resource Guide (attached): This resource package includes facts of what we know about the Delta variant, FAQs, visuals supporting the updated guidance, and a reference list of studies corroborating Delta infectiousness and disease severity for unvaccinated and vaccinated individuals.


*	COVID-19 Vaccine Booster Shot: CDC answers common questions about COVID-19 vaccine booster shots.


*	Investigation of Long-Term Effects of Myocarditis after mRNA COVID-19 Vaccination: Information on CDC’s investigation into reports of individuals developing myocarditis after receiving an mRNA COVID-19 vaccine. 


*	COVID-19 Science Update Edition 103: The latest science update includes information pertaining to detection, burden, impact, prevention, mitigation, and intervention strategies, and the social, behavioral, and communication science related to COVID-19.  


*	COVID-19 Vaccine Information for Specific Groups: Learn more about getting a vaccine for different groups including families and children, workers, and other groups such as older adults and people with underlying medical conditions.





Work and School





*	CDC Offers Health Tips for Back to School During COVID-19: CDC offers health tips that will make for a successful school year for students, teachers, school staff and their families.


*	CDC has developed a set of guidance documents to help families plan and prepare a safe return to school and work:





*	Community, Work, and School


*	Schools and Childcare Programs


*	Retirement & Shared Housing


*	Workplaces and Businesses





Upcoming Meetings





*	Helping Patients Access Pfizer Medicines During COVID-19 and Beyond: Thursday, August 26th, 2:00-3:00 PM ET, NACCHO will host a webinar with Pfizer RxPathways, about the disparities in the rates of uninsured and underinsured populations across diverse communities, as well as how eligible patients can enroll for assistance through the new online platform, PAP Connect. To register for this event, please click here. 


*	Advisory Committee on Immunization Practices (ACIP): Monday, August 30th, 10:00 AM – 4:30 PM EST, ACIP is hosting a virtual meeting on COVID-19 vaccines. The agenda for the meeting can be found here. To watch the live meeting webcast, please click here.  


*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 30th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. To register for this event, please click here. 





Additional Resources





*	National Adult and Influenza Immunization Summit (NAIIS) issued a call to action to increase vaccination coverage among U.S. adults.  


*	The Delta Variant: 5 Ways Communities can Protect People Experiencing Homelessness | U.S. Interagency Council on Homelessness


*	Communication Toolkit for Migrants, Refugees, and Other Limited-English-Proficient Populations


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -  Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   





 





References to non-CDC sites are provided as a service and do not constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL addresses listed were current as of the date of publication.
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What we know about the changing science of the Delta variant*



* This resource guide is current as of August 20, 2021



On July 27, 2021, CDC released updated guidance on the need for urgently increasing COVID-19 vaccination 
coverage and a recommendation for everyone in areas of substantial or high transmission to wear a mask in 
public indoor places, even if they are fully vaccinated. CDC issued this new guidance due to several concerning 
developments and newly emerging data signals.  First is a reversal in the downward trajectory of cases. 
In the days leading up to our guidance update, CDC saw a rapid and alarming rise in the COVID case and 
hospitalization rates around the country. 



 • In late June, our 7-day moving average of reported cases was around 12,000. On July 27, the 7-day 
moving average of cases reached over 60,000. This case rate looked more like the rate of cases we had seen 
before the vaccine was widely available.   



Second, new data began to emerge that the Delta variant was more infectious and was leading to increased 
transmissibility when compared to other variants, even in vaccinated individuals. This includes recently 
published data from CDC and our public health partners,  unpublished surveillance data that will be publicly 
available in the coming weeks, information included in CDC’s updated Science Brief on COVID-19 Vaccines 
and Vaccination, and ongoing outbreak investigations linked to the Delta variant. 



Delta is currently the predominant strain of the virus in the United States. Below is a high-level summary of 
what CDC scientists have recently learned about the Delta variant. More information will be made available 
when more data are published or released in other formats.   



The Delta variant causes more infections and spreads faster than early forms SARS-CoV-2



 • The Delta variant is more contagious: The Delta variant is highly contagious, nearly twice as 
contagious as previous variants. 



 • Some data suggest the Delta variant might cause more severe illness than previous strains  
in unvaccinated persons. In two different studies from Canada and Scotland, patients infected with  
the Delta variant were more likely to be hospitalized than patients infected with Alpha or the original 
virus strains.



 • Unvaccinated people remain the greatest concern: Although breakthrough infections happen much 
less often than infections in unvaccinated people, individuals infected with the Delta variant, including 
fully vaccinated people with symptomatic breakthrough infections, can transmit it to others. CDC is also 
continuing to assess data on whether fully vaccinated people with asymptomatic breakthrough infections 
can transmit. However, the greatest risk of transmission is among unvaccinated people who are much 
more likely to contract, and therefore transmit the virus. 



 • Fully vaccinated people with Delta variant breakthrough infections can spread the virus to 
others. However, vaccinated people appear to be infectious for a shorter period: Previous 
variants typically produced less virus in the body of infected fully vaccinated people (breakthrough 
infections) than in unvaccinated people. In contrast, the Delta variant seems to produce the same high 
amount of virus in both unvaccinated and fully vaccinated people. However, like other variants, the 
amount of virus produced by Delta breakthrough infections in fully vaccinated people also goes down 
faster than infections in unvaccinated people. This means fully vaccinated people are likely infectious for 
less time than unvaccinated people.



Vaccines in the US are highly effective, including against the Delta variant



 • The COVID-19 vaccines authorized in the United States are highly effective at preventing severe disease 
and death, including against the Delta variant. But they are not 100% effective and some fully vaccinated 
people will become infected (called a breakthrough infection) and experience illness. For such people, the 
vaccine still provides them strong protection against serious illness and death.





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
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Given what we know about the Delta variant, vaccine effectiveness, and current vaccine coverage, 
layered prevention strategies, such as wearing masks, are needed to reduce the transmission of 
this variant



 • At this time, as we build the level of vaccination nationwide, we must also use all the prevention 
strategies available, including masking indoors in public places, to stop transmission and stop  
the epidemic.



 • Vaccines are playing a crucial role in limiting spread of the virus and minimizing severe disease. Although 
vaccines are highly effective, they are not perfect and there will be vaccine breakthrough infections. 
Millions of Americans are vaccinated, and that number is growing. This means that even though the 
risk of breakthrough infections is low, there will be thousands of fully vaccinated people who become 
infected and able to infect others, especially with the surging spread of the Delta variant. Low vaccination 
coverage in many communities is driving the current rapid and large surge in cases associated with the 
Delta variant, which also increases the chances that even more concerning variants could emerge.
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Level of Community Transmission by County – June 2, 2021



Community Transmission Level (n=3,219)
High (315)
Substantial (553)
Moderate (1,735)
Low (616)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



Level of Community Transmission by County – July 6, 2021



Community Transmission Level (n=3,219)
High (435)
Substantial (344)
Moderate (1,376)
Low (1,064)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



* This resource guide is current as of August 20, 2021
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County Overall Level of Community Transmission– August 18, 2021



Total to Date Most Recent Day 7-Day Daily Average Week-On-Week Change



Cases 37,259,886 157,694 133,056 +14 .0%



Confirmed COVID 
Hospital Admissions



2,587,871 12,530 11,521 +14 .2%



Deaths 623,244 1,054 641 +10 .8%



Test Positivity 7.7% N/A 9.7% -1 .4 pct pts



 Note: Case and death are as of August 18, 2021; hospital data are as of August 17, 2021;  
and test positivity data are as of August 16, 2021. 



Level of Risk Low Moderate Substantial High



% of Countries
(7/27–8/2/2021)



3 .2%
0.9%



2 .0%
3.0%



8 .0%
5.9%



86 .8%
8.8%



Based on new cases per 100,000 persons and % positive tests during the last 7 days
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To stop Delta: CDC Recommends
 • Get vaccinated
 • Wear masks in public indoor settings in areas of substantial or high transmission
 • Wear masks in all K-12 schools



August 18, 2021
95% of counties in the U.S. have substantial or high transmission



* This resource guide is current as of August 20, 2021
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COVID-19 Case Rate (7-day rate per 100,000) versus  
Percent of State Population Fully Vaccinated, August 18, 2021
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Confirmed COVID-19 Hospital Admissions (as of August 18, 2021)
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Note: some case rates may be underestimated because of lags in reporting.  



Community Transmission Level (n=52)



      High (50)



      Substantial (2)



      Moderate (0)



      Low (0)





https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track


https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track
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Confirmed COVID-19 Hospital Admissions (rate per 100,000)



 • 52 jurisdictions report an increase in new hospital admissions with confirmed COVID-19, since June 25, 
2021.



 • Admission counts are currently highest in older age groups. However, since June 25, 2021, persons  
aged 40–49 years have had the largest increase in new admissions (+835%), followed by persons aged 
50–59 years (+703%).



US Estimated Proportions of Alpha and Delta Variants
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Frequently Asked Questions*



* This resource guide is current as of August 20, 2021



What changed from May 2021 when CDC said vaccinated people did not need 
to mask?



 • CDC issued updated guidance for fully vaccinated people on July 27, 2021 recommending that people 
who are vaccinated or unvaccinated and live in an area with substantial or high transmission of 
COVID-19, ,as well as their family and community, will be better protected by wearing a mask when in 
indoor public places. 



 • This change was due to several concerning developments and newly emerging patterns.  
 » New domestic data began to emerge that the Delta variant was more infectious and was leading 



to increased transmissibility, including transmissibility in some fully vaccinated people who 
experienced breakthrough infections.  In addition, through CDC’s long-standing partnerships with 
public health agencies in other countries, CDC was made aware of additional patterns of increased 
transmissibility with the Delta variant, and of laboratory markers of increased viral load in those 
infected. Some of these data have recently published and can be found in the reference page of this 
document. CDC will release additional data as it becomes available. 



 » CDC saw a rapid and alarming rise in the COVID case rate around the country.
• In late June 2021, our 7-day moving average of daily reported cases was below 12,000. On 



July 27, 2021, the 7-day moving average of daily reported cases surpassed 60,000 and was 
trending upward. This case rate looked more like the rate of cases we had seen before the 
vaccine was widely available, with cases primarily surging in areas with low vaccination 
coverage. It was also much higher than the daily case count average of about 37,000 that was 
reported in May 2021 when CDC revised the guidance for fully vaccinated individuals. 



 » New hospital admissions were steadily increasing nationally, with evidence of healthcare system 
strain in several states.



• Nationally, new hospital admissions reached a 7-day daily average of 5,505 on July 27, 2021 
exceeding the summer 2020 peak of 5,126. 



 • Even with the new information of increased transmissibility in those who are vaccinated, the majority of 
transmission, hospitalizations, and deaths related to COVID-19 are among the unvaccinated.



How is spread different with the Delta variant? 
 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 



outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • People infected with Delta are about two times more infectious to others than people infected with  
prior strains. 



 » These data come from several sources, some of which are published and some which are 
forthcoming:



• Information publicly posted by the U.K. (Investigation of SARS-CoV-2 variants of concern: 
technical briefings - GOV.UK (www.gov.uk)



• Papers that are currently undergoing peer-review and are posted on pre-print servers
• Data shared by partner countries that CDC expects to be published shortly. 
• Outbreak investigations, like the one in Barnstable County, Massachusetts
• Additional information can be found in the reference page of this document



 • Early data suggest that vaccinated people are infectious for a shorter period of time.



 What are the data supporting the updated guidance for fully vaccinated people?  
 • When CDC updated the guidance for fully vaccinated people, there was a mix of publicly available and not 



yet published data. Public health agencies are often tasked with making important and critical decisions 
for quick action, even when data are not fully published or finalized for release.  





https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
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 • The reference document in this resource provides a compilation of studies available to date. 
 • A science brief on the new guidance can be found here Science Brief: COVID-19 Vaccines and Vaccination 



(cdc.gov)
 • Transmission data found in the COVID Data Tracker: https://covid.cdc.gov/covid-data-



tracker/#datatracker-home. 



What is the possibility of breakthrough infection after vaccination with the 
Delta variant?



 • Breakthrough infections are expected. COVID-19 vaccines are effective at preventing most infections. 
But, like most vaccines, they are not 100% effective.



 • Fully vaccinated people with a breakthrough infection are less likely to develop serious illness than those 
who are unvaccinated and get COVID-19. 



 • Even when fully vaccinated people develop symptoms, they tend to be less severe symptoms. This means 
they are much less likely to be hospitalized or die than people who are not vaccinated.



 • People who get vaccine breakthrough infections can be contagious.
 • CDC is collecting data on vaccine breakthrough infections and closely monitors the safety and 



effectiveness of all Food and Drug Administration (FDA)-authorized COVID-19 vaccines. As the number 
of people who are fully vaccinated goes up, the number of breakthrough infections will also increase.  



 • New CDC data from multiple studies, all with data in the context of the Delta variant, make very clear 
that vaccine-induced protection against SARS-CoV-2 infection does begin to decrease over time, and in 
association with the dominance of the Delta variant, we are starting to see evidence of reduced protection 
against mild and moderate disease in certain populations. 



 • While we are seeing evidence of reduced protection against mild and moderate disease, protection against 
hospitalization and severe outcomes seems to be holding well.



 • Looking at all the data available, we are concerned that this protection against severe disease, 
hospitalization, and death could diminish in the months ahead, especially among those who were 
vaccinated during the earlier phases of the vaccination rollout. 



How is CDC ensuring that we know the prevalence and severity of  
breakthrough infections?   



 • CDC has multiple surveillance systems and on-going research studies to monitor the performance 
of vaccines in preventing infection, disease, hospitalization, and death.  CDC also collects data on 
breakthrough infections through outbreak investigations. Examples of CDC’s systems for monitoring 
performance of vaccines are listed in the table below. 



Outcome monitored Population monitored Monitoring system



Infection Long-term care facility residents NHSN



Symptomatic illness Healthcare providers and frontline workers HEROES



Hospitalization and deaths Hospitalized adults IVY



Hospitalization and deaths Hospitalized people (all ages) COVID-NET



Hospitalization and deaths Hospitalized people (all ages) VISION





https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/nhsn/ltc/covid19/index.html


https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm


https://www.cdc.gov/flu/vaccines-work/ivy.htm?web=1&wdLOR=c00736BBD-62E3-4C3E-9B35-67919E86936E


https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html


https://www.cdc.gov/vaccines/covid-19/downloads/vision-cohort-protocol-508.pdf
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 • One important system that CDC uses to track breakthrough infections is called COVID-NET (the 
Coronavirus Disease 2019 [COVID-19]-Associated Hospitalization Surveillance Network). This 
population-based surveillance system collects reports of lab-confirmed COVID-19-related hospitalizations 
in 99 counties in 14 states. COVID-NET covers approximately 10% of the U.S. population. Information on 
COVID-NET vaccine breakthrough data will be published as it becomes available.



 • When the United States began widespread COVID-19 vaccination, CDC put in place a system where state 
health departments could report COVID-19 breakthrough infections to CDC. After collecting data on 
thousands of infections, CDC changed the reporting system (on May 1, 2021) to improve data quality on 
breakthrough infections. CDC transitioned from monitoring all reported vaccine breakthrough infections 
to focus on those among people who are hospitalized or die. This shift helped maximize the quality of  
the data collected on infections of greatest clinical and public health importance. Currently, 49 states  
are reporting data, which helps provide a picture of the data from around the country. 



 • By monitoring breakthrough infections that result in hospitalization or death, CDC can focus  
on identifying:



 » Unusual patterns, such as trends in age or sex
 » The specific types or brands of vaccine involved
 » Underlying health conditions in these persons
 » Which SARS-CoV-2 variants are observed in persons who are hospitalized or who die 
 » Demographic cohorts (e.g., essential workers, health care workers, elderly)



 • Additional information on breakthrough infections will be updated and can be found at the following 
link https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/
breakthrough-cases.html 



What is the likelihood that the Delta variant could be transmitted by 
vaccinated individuals? 



 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 
outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • Previous variants typically produced less virus in the body of infected fully vaccinated people 
(breakthrough infections) than in unvaccinated people. 



 • In contrast, the Delta variant seems to produce the same high amount of virus in both unvaccinated and 
fully vaccinated people. 



 • However, like other variants, the amount of virus produced by Delta breakthrough infections in fully 
vaccinated people also goes down faster than infections in unvaccinated people. This means fully 
vaccinated people are likely infectious for less time than unvaccinated people. 



Do we need boosters?
 • On August 18, 2021, The Administration announced the development of a  plan to begin administering 



booster shots in the fall of 2021 subject to FDA conducting an independent evaluation and determination 
of the safety and effectiveness of a third dose of the Pfizer and Moderna mRNA vaccines and CDC’s 
Advisory Committee on Immunization Practices (ACIP) issuing booster dose recommendations based on 
a thorough review of the evidence.



 • As of August 13, 2021, an additional of COVID-19 vaccine is recommended for people with moderately to 
severely compromised immune systems after an initial two-dose vaccine series.



 » Emerging data suggest some people with moderately to severely compromised immune 
systems do not always build the same level of immunity compared to people who are not 
immunocompromised. In addition, in small studies, fully vaccinated immunocompromised 





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf
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people have accounted for a large proportion of hospitalized breakthrough cases (40-44%). 
Immunocompromised people who are infected with SARS CoV-2 are also more likely to transmit 
the virus to household contacts.



 » While people who are immunocompromised make up about 3% of the U.S. adult population, they 
are especially vulnerable to COVID-19 because they are more at risk of serious, prolonged illness. 
Included in CDC’s recommendation are people with a range of conditions, such as recipients of 
organ or stem cell transplants, people with advance or untreated HIV infection, active recipients 
of treatment for cancer, people who are taking some medications that weaken the immune system, 
and others. A full list of conditions can be found on CDC’s website. 



 • While vaccination is likely to increase protection in this population, even after vaccination, people who 
are immunocompromised should continue to follow current prevention measures (including wearing a 
mask, staying 6 feet apart from others they do not live with, and avoiding crowds and poorly ventilated 
indoor spaces) to protect themselves and those around them against COVID-19 until advised otherwise 
by their healthcare provider. 



What is the difference between “viral load” and infectiousness? 
 • For COVID-19, the viral load is the amount of virus detected in a nasal swab. When infection is 



diagnosed, this information can be used to make informed predictions about how infectious someone 
is, that is, how likely they are to transmit to others.  Higher viral loads generally correlate with higher 
degrees of infectiousness. 



With the Delta variant, are asymptomatic vaccinated cases just as infectious as 
unvaccinated cases, or is it only symptomatic vaccinated cases who have similar 
viral loads to unvaccinated cases?



 • Among unvaccinated people who get infected, current data suggests that those who remain  
asymptomatic make up about 30-40% of all infections. They tend to have lower viral burden but are  
still infectious to others.  



 • At this time, we do not yet know what fraction of Delta variant infections in unvaccinated and in 
vaccinated people occur and never cause symptoms.  



 • CDC is investigating that question with cluster investigations and special studies. Regardless, all people 
need to be aware that infection with SARS-CoV-2, the virus that causes COVID-19, can cause you to be 
infectious to others when you feel otherwise well and don’t have symptoms. 



What can Members of Congress do to help protect their constituents? 
 • With the Delta variant, getting vaccinated is more urgent than ever. 
 • As trusted voices in their communities, Members of Congress can reinforce:



 » The importance of all people who are eligible getting vaccinated as soon as possible to protect 
themselves and their loved ones from higher risk for hospitalization or death.  



 » In areas with substantial and high transmission, everyone (including fully vaccinated people) 
should wear a mask in public indoor settings to help prevent spread of Delta and protect others.



 • Vaccinations and adherence to infection control measures can stop the spread of this virus.
 • As Members consider future legislation, long-term sustainable funding for public infrastructure helps 



CDC, as well as our state and local partners, be more prepared for future pandemics. Click here to see how 
COVID supplemental funding has been provided to states and jurisdictions. 





https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/budget/fact-sheets/covid-19/funding/index.html
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			What we know about the changing science of the Delta variant*


			Q&A for Congress*


			What changed from May 2021 when CDC said vaccinated people did not need to mask?


			How is spread different with the Delta variant? 


			 What are the data supporting the updated guidance for fully vaccinated people?  


			What is the possibility of breakthrough infection after vaccination with the Delta variant?


			How is CDC ensuring that we know the prevalence and severity of breakthrough infections? Shouldn’t CDC be tracking all breakthrough infections nationwide?  


			What is the likelihood that the Delta variant could be transmitted by vaccinated individuals? 


			Do we need boosters?


			What is the difference between “viral load” and infectiousness? 


			With the Delta variant, are asymptomatic vaccinated cases just as infectious as unvaccinated cases, or is it only symptomatic vaccinated cases who have similar viral loads to unvaccinated cases?


			What can Members of Congress do to help protect their constituents? 





			References*
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Health Alert Network (HAN) 





CDC issued the following Health Alert Network (HAN) Health Advisory on August 26, 2021. You are receiving this information because you subscribe to Clinician Outreach and Communication Activity (COCA) email updates. If a colleague forwarded this email to you, but you would like to receive these emails directly, click here.





If you have any questions, please e-mail coca@cdc.gov
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Rapid Increase in Ivermectin Prescriptions and Reports of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat COVID-19





Summary
Ivermectin is a U.S. Food and Drug Administration (FDA)-approved prescription medication used to treat certain infections caused by internal and external parasites. When used as prescribed for approved indications, it is generally safe and well tolerated.





During the COVID-19 pandemic, ivermectin dispensing by retail pharmacies has increased, as has use of veterinary formulations available over the counter but not intended for human use. FDA has cautioned about the potential risks of use for prevention or treatment of COVID-19.





Ivermectin is not authorized or approved by FDA for prevention or treatment of COVID-19. The National Institutes of Health’s (NIH) COVID-19 Treatment Guidelines Panel has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19. ClinicalTrials.gov has listings of ongoing clinical trials that might provide more information about these hypothesized uses in the future.





Adverse effects associated with ivermectin misuse and overdose are increasing, as shown by a rise in calls to poison control centers reporting overdoses and more people experiencing adverse effects.





Background
The Centers for Disease Control and Prevention (CDC) confirmed with the American Association of Poison Control Centers (AAPCC) that human exposures and adverse effects associated with ivermectin reported to poison control centers have increased in 2021 compared to the pre-pandemic baseline. These reports include increased use of veterinary products not meant for human consumption. 





Ivermectin is a medication that is approved by FDA in oral formulations to treat onchocerciasis (river blindness) and intestinal strongyloidiasis. Topical formulations are used to treat head lice and rosacea. Ivermectin is also used in veterinary applications to prevent or treat internal and external parasitic infections in animals. When used in appropriate doses for approved indications, ivermectin is generally well tolerated. 





Clinical trials and observational studies to evaluate the use of ivermectin to prevent and treat COVID-19 in humans have yielded insufficient evidence for the NIH COVID-19 Treatment Guidelines Panel to recommend its use. Data from adequately sized, well-designed, and well-conducted clinical trials are needed to provide more specific, evidence-based guidance on the role of ivermectin in the treatment of COVID-19. 





A recent study examining trends in ivermectin dispensing from outpatient retail pharmacies in the United States during the COVID-19 pandemic showed an increase from an average of 3,600 prescriptions per week at the pre-pandemic baseline (March 16, 2019–March 13, 2020) to a peak of 39,000 prescriptions in the week ending on January 8, 2021.1 Since early July 2021, outpatient ivermectin dispensing has again begun to rapidly increase, reaching more than 88,000 prescriptions in the week ending August 13, 2021. This represents a 24-fold increase from the pre-pandemic baseline. (Figure)





Figure: Estimated number of outpatient ivermectin prescriptions dispensed from retail pharmacies — United States, March 16, 2019–August 13, 2021*





*Data are from the IQVIA National Prescription Audit Weekly (NPA Weekly) database. NPA Weekly collects data from a sample of approximately 48,900 U.S. retail pharmacies, representing 92% of all retail prescription activity. Ivermectin dispensed by mail order and long-term care pharmacies, prescriptions by veterinarians, and non-oral formulations were not included.
 





In 2021, poison control centers across the U.S. received a three-fold increase in the number of calls for human exposures to ivermectin in January 2021 compared to the pre-pandemic baseline. 
In July 2021, ivermectin calls have continued to sharply increase, to a five-fold increase from baseline. These reports are also associated with increased frequency of adverse effects and emergency department/hospital visits. 





In some cases, people have ingested ivermectin-containing products purchased without a prescription, including topical formulations and veterinary products. Veterinary formulations intended for use in large animals such as horses, sheep, and cattle (e.g., “sheep drench,” injection formulations, and “pour-on” products for cattle) can be highly concentrated and result in overdoses when used by humans. Animal products may also contain inactive ingredients that have not been evaluated for use in humans. People who take inappropriately high doses of ivermectin above FDA-recommended dosing may experience toxic effects. 





Clinical effects of ivermectin overdose include gastrointestinal symptoms such as nausea, vomiting, and diarrhea. Overdoses are associated with hypotension and neurologic effects such as decreased consciousness, confusion, hallucinations, seizures, coma, and death. Ivermectin may potentiate the effects of other drugs that cause central nervous system depression such as benzodiazepines and barbiturates.





Examples of recent significant adverse effects reported to U.S. poison control centers include the following:





*	An adult drank an injectable ivermectin formulation intended for use in cattle in an attempt to prevent COVID-19 infection. This patient presented to a hospital with confusion, drowsiness,  visual hallucinations, tachypnea, and tremors. The patient recovered after being hospitalized for nine days. 


*	An adult patient presented with altered mental status after taking ivermectin tablets of unknown strength purchased on the internet. The patient reportedly took five tablets a day for five days to treat COVID-19. The patient was disoriented and had difficulty answering questions and following commands. Symptoms improved with discontinuation of ivermectin after hospital admission.





Recommendations for Clinicians and Public Health Practitioners 





*	Be aware that ivermectin is not currently authorized or approved by FDA for treatment of COVID-19. NIH has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19.


*	Educate patients about the risks of using ivermectin without a prescription, or ingesting ivermectin formulations that are meant for external use or ivermectin-containing products formulated for veterinary use. 


*	Advise patients to immediately seek medical treatment if they have taken any ivermectin or ivermectin-containing products and are experiencing symptoms. Signs and symptoms of ivermectin toxicity include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, tachycardia, hypotension, visual hallucinations, altered mental status, confusion, loss of coordination and balance, central nervous system depression, and seizures. Ivermectin may increase sedative effects of other medications such as benzodiazepines and barbiturates. Call the poison control center hotline (1-800-222-1222) for medical management advice. 


*	Educate patients and the public to get vaccinated against COVID-19. COVID-19 vaccination is safe and the most effective means to prevent infection and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant.


*	Educate patients and the public to use COVID-19 prevention measures including wearing masks in indoor public places, physical distancing by staying at least six feet from other people who don’t live in the same household, avoiding crowds and poorly ventilated spaces, and frequent handwashing and use of hand sanitizer that contains at least 60 percent alcohol.





Recommendations for the Public





*	Be aware that currently, ivermectin has not been proven as a way to prevent or treat COVID-19.


*	Do not swallow ivermectin products that should be used on skin (e.g., lotions and creams) or are not meant for human use, such as veterinary ivermectin products.


*	Seek immediate medical attention or call the poison control center hotline (1-800-222-1222) for advice if you have taken ivermectin or a product that contains ivermectin and are having symptoms. Signs and symptoms include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, fast heart rate, and low blood pressure. Other severe nervous system effects have been reported, including tremors, seizures, hallucinations, confusion, loss of coordination and balance, decreased alertness, and coma.


*	Get vaccinated against COVID-19. COVID-19 vaccination is approved by FDA and is the safest and most effective way to prevent getting sick and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant. 


*	Protect yourself and others from getting sick with COVID-19. In addition to vaccination, wear masks in indoor public places, practice staying at least six feet from other people who don’t live in your household, avoid crowds and poorly ventilated spaces, and wash your hands often or use hand sanitizer that has at least 60 percent alcohol. 





 





For More Information 
NIH COVID-19 Treatment Ivermectin Guidelines





FDA Consumer Alert on Use of Ivermectin to Treat or Prevent COVID-19





FDA MedWatch Adverse Event Reporting program





CDC Coronavirus (COVID-19) website





U.S. Government Coronavirus (COVID-19) website 





American Association of Poison Control Centers





Press Release: American College of Medical Toxicology Reports Data on Adverse Effects and Toxicity from Unapproved Use of Ivermectin for the Prevention or Treatment of COVID-19





Treatments Your Healthcare Provider Might Recommend if You Are Sick
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The Centers for Disease Control and Prevention (CDC) protects people's health and safety by preventing and controlling diseases and injuries; enhances health decisions by providing credible information on critical health issues; and promotes healthy living through strong partnerships with local, national, and international organizations.
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and other critical planning information. Call information is available below:
Weblink: https://cdc.zoomgov.com/j/1617032262?
pwd=cG4zdWhzT2c5WWhRTzB5d2dnVzRFQT09

Web Passcode:
One-Tap Mobile: 

Telephone: 

Meeting ID: 
Phone Passcode: 

IVAC/WHO Vaccine Effectiveness Weekly Literature Review [Attachment, Link]
John Hopkins University’s International Vaccine Access Center (IVAC), in collaboration
with the World Health Organization (WHO), have released an updated COVID-19
Vaccine Effectiveness (VE) literature review as of August 19 (attached and linked here).
Note a section has been added to highlight duration of protection data that is not
calculating a VE estimate, but can inform the duration of protection of COVID-19
vaccines.

Resource: CDC ELC School Testing Toolkit [Link]
CDC has developed a COVID-19 School Testing Toolkit (linked here) featuring a suite of
free resources including flyers, posters and social media content highlighting the
benefits of COVID-19 testing programs in schools. The toolkit also includes
customizable letters and FAQs for teachers, parents, and guardians that address
frequently asked questions about school COVID-19 testing programs.
If you have questions or have suggestions for additional toolkit materials, please
contact CDC’s School Support Section at eocevent335@cdc.gov.

CDC Health Alert Network (HAN) 449: Rapid Increase in Ivermectin Prescriptions and Reports
of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat
COVID-19 [Attachment, Link]

This CDC HAN Update (attached and linked here) was issued today, August 26, 2021. It
summarizes known information about the increased use of Ivermectin, a medication
used to treat certain infections caused by internal and external parasites, during the
COVID-19 pandemic. Adverse effects associated with Ivermectin misuse and overdose
are increasing, as shown by a rise in calls to poison control centers reporting overdoses
and more people experiencing adverse effects.

CSTE Webinar: “Back to School” [Link]
The CSTE Public Health Law Subcommittee will host a webinar tomorrow, Friday,
August 27, at 2:00 pm EDT. This call will be an open discussion on the issue of back-to-
school, quarantine and other school-related legal issues, including whether schools can
require quarantine of infected students.
Questions may be sent to Sunbal Virk at publichealthlaw@cste.org to have them asked
anonymously. Call information is below:

Weblink: 

Web Passcode: 
Telephone: 
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Standing Updates
CDC Partner Updates – August 25 [Attachment]

Please see attached for the latest updates from CDC’s State, Tribal, Local, and
Territorial (STLT) Task Force.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
link.

Request Form for CSTE COVID-19 Call Topics [Link]
CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
preparedness.cste.org
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From: Thoroughman, Douglas (CHFS DPH)
To: Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP)
Subject: EIS Prematch Applications
Date: Thursday, September 2, 2021 12:31:09 AM
Attachments: 2022 Prematch Host Site Application KY-1.docx

2022 Prematch Host Site Application KY-2.docx

Hello, Kevin and Kathleen!

CDC's Epidemic Intelligence Service Prematch applications are due Friday.  Just to update you,
Kevin, the EIS Program announced on a recent nationwide CDC call that CDC has been funded
to expand the EIS Program pretty dramatically with a focus on field-based positions, and so
they are encouraging states and municipalities to consider requesting as many EISO's as they
think they can adequately supervise and for which they can provide valuable experiences. 
Kathleen and I discussed this a few days ago and both felt that we could handle up to two EIS
Officers, so we would like to put in a request for that for the Prematch process.  Kathleen
thought I should remain the primary supervisor for both, but that you and she could be the
secondary supervisors for one each.  They actually have a spot for a secondary and additional
supervisor on the application, so what I did was alternate you as the first secondary supervisor
on one (KY-1) and Kathleen as the first secondary on the other (KY-2).

The two applications are almost identical, except for four places.

The secondary supervisor section (1) has both of you listed on both applications, but
switched, as noted above.
On the Analytic and Surveillance Project sections (2 & 3), I put different possible
projects so that the assignments would be seen as somewhat different.
On the Supervisor Publications Section (4), I switched things around a bit to highlight
each of your more recent publications on the application where you are listed as the
first secondary supervisor.

I don't feel that great about all the project ideas, so if either of you have some better thoughts
and want to substitute something else you think would be good on one or the other
application, or can think of more to add or a better way to present the ideas that I put in
there, I welcome any and all suggestions.  None of this is written in stone and is really just a
mechanism to help the candidate EISO's to see that we have exciting and reasonable projects
that might interest them in coming to Kentucky.  Just note that there are word limits on every
section and I am bumping up on those limits in almost every case, so if you want to add
something, you can suggest what needs to come out to do that.

Also, both of you have a publication that was listed as "in press" on my most recent
documentation.  If you have an update on those, please go ahead and revise those where
applicable on both applications.  NOTE that I didn't use standard reference formats for
publications in the interest of including the maximum number of publications with our
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Class of 2022 EIS Prematch Host Site Application



[bookmark: _Toc410395384]Class of 2022 EIS Prematch Host Site Application

Instructions for each field are in the box preceding the field. 

Please pay close attention to, and respect, the word count limitations. 

 Please type your text where the blue “type here” text is located. 

Please do not attempt to type your text into the box surrounding the instructions. 





Prematch is intended to fill hard to match sites that otherwise offer high quality supervision and projects and often reflect a particular agency need. Hard to match sites include assignments that have recruited in recent match cycles with no resultant match, or sites that typically receive low numbers of interviews at conference. Considering the above, please describe why your assignment should be considered for the prematch.



The total word count for this field cannot exceed 200 words. 



Kentucky provides a dynamic and experiential environment for EISOs to learn about applied field epidemiology. Supervision, long a strength of this placement (EIS-trained CDC Career Epidemiology Field Officer as primary, and state-based infectious disease physicians as secondary supervisors), has grown stronger recently with the addition of a PhD epidemiologist State Epi (Dr. Kathleen Winter), a CDC infectious disease epidemiologist (Dr. Kevin Spicer), an ER physician Commissioner (Dr. Steven Stack), a preventive medicine-trained physician HIV/AIDS Director (Dr. Tisha Johnson), and several other new doctoral level staff. Doug Thoroughman, the primary supervisor, has over 25 years’ experience in public health and 15 years as a primary EISO supervisor. Kentucky ranks poorly on most national health and public health measures; the socioeconomic status of the population leads to an abundance of poor public health outcomes. KDPH has a cohesive health department allowing the EISO to be involved in any area of public health.  EISO’s are encouraged to engage in urgent public health responses, both in and outside of Kentucky, including international assignments. Despite being a great field site, KDPH has never matched successfully through the regular process since the class of 1995, which was attempted unsuccessfully in 2017 and 2014 most recently.





Every assignment must identify one Primary Supervisor and at least one Secondary Supervisor (two Secondary Supervisors and multiple consultants are allowed) who want to supervise an EIS officer. The Primary Supervisor must be an epidemiologist with at least two years of epidemiology experience; if an EIS alumnus, the Primary Supervisor must have at least two years of epidemiology experience after completion of EIS; the 1st Secondary Supervisor must also meet the Primary Supervisor criteria.



Primary Supervisor (name):  Dr. Doug Thoroughman 

· [bookmark: _Hlk79407616]Title: Career Epidemiology Field Officer/KY Deputy State Epidemiologist

· Full time employee?      X    Yes ____No  

· Degrees:      PhD, MS	

· [bookmark: _Hlk81286830]EIS Alum?      X    Yes ____No    If yes, year?    1996	  

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 8

· How many years as EIS primary supervisor? 15

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: PHAP (1), CSTE AEF (3), CSTE APHIF (1), CSTE HSIP Fellow (12), CSTE IFA (1), multiple MPH and PhD practicum students assigned to KDPH 







1st Secondary Supervisor (name): Dr. Kevin Spicer

· Title: CDC Medical Officer assigned to Kentucky’s Healthcare Associated Infections Program

· Full time employee?      X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  _____Yes        X    No    If yes, year? 

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 1

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 1

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: Served as clinical supervisor for pediatric infectious disease fellows and residents



2nd Secondary Supervisor (name): Dr. Kathleen Winter

· Title: KY State Epidemiologist, Director, Division of Epidemiology and Health Planning

· Full time employee?     X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  ____Yes     X    No    If yes, year? 

· Ever supervised an EISO?  ____Yes     X    No    If yes: 

· Number of EIS officers supervised: 0

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: N/A

· Other fellows supervised: No fellow supervision but have supervisee a number of other staff, including epidemiologists, nurses, support staff in previous position and supervision Division of Epidemiology currently



Briefly describe the current/recent EIS officer projects:



The total word count for this field cannot exceed 50 words. 



Dr. Cavanaugh has focused COVID-19 response activities, including leading Kentucky’s breakthrough case surveillance, reinfection surveillance, and variant strain surveillance, and contributing to ongoing data processing, including reports for the Commissioner’s and Governor’s Offices and public website posting, and a COVID-19 Key Points document produced distributed statewide to public health partners.























Background: 

Describe the mission, goals, and focus of the work where the position is based.



The total word count for this field cannot exceed 200 words. 



Kentucky’s Division of Epidemiology and Health Planning is responsible for the control of communicable disease, disease surveillance and investigation, increasing the population’s immunization coverage, injury prevention and research, vital statistics and health data. Our goal is to continuously improve the capability of our programs to accomplish those responsibilities, through better detection of diseases and conditions of public health concern, more effective investigation of causes and risk factors, promotion of evidence-based prevention methods, and use of what is learned to prevent spread of disease and other negative public health outcomes. In recent years, KDPH has greatly improved its capability to detect outbreaks of reportable diseases

and other health outcomes and is expanding its capability to investigate these events and provide solid public health recommendations to reduce further transmission of disease or promulgation of risky behaviors and activities that result in illness and death. The Division of Epidemiology works closely with the Division of Laboratory Services, Environmental Health, Adult and Child Health, Chronic Disease, Women’s Health, and the Office of Health Equity at KDPH and with the Kentucky Injury Prevention and Research Center (KIPRC) at the University of Kentucky, to prosecute its mission and goals.



Proposed Analytic Projects:

Briefly describe the types of analytic project(s) that the officer can expect to conduct. Describe how the projects will move beyond descriptive epidemiology and into analytic epidemiology (e.g., multivariate modeling, time-series modeling, analyses of effect modification), and if the protocols have been developed (EISOs should not spend a substantial amount of time developing protocols).



The total word count for this field cannot exceed 250 words.



Kentucky has several possible analytic projects available.

Epidemiologic analysis of STD data to examine rising rates of congenital syphilis. Disease investigation specialists (DIS) investigate STD cases in depth and collect data on risk factors. This data and the population affected can be characterized descriptively as well as analyzed for important risk factor associations, such as gender, sexual orientation, age, geography (e.g., hot spots, urban vs. rural), prenatal care, and other risk factors.

Kentucky has collected detailed data on COVID-19 hospitalizations and deaths, vaccination history, extensive case information on comorbidities for those who have died, and has genetic sequencing results for a robust sample of cases.  Analysis of these data to illuminate particular risk factors for mortality involving clinical course, COVID strain, vaccination status, and comorbidities is something that will be available and needed in future analyses as the pandemic progresses.

Legionellosis: Cases of Legionella are increasing each year in Kentucky: CDC is encouraging states to conduct more complete investigations and to recommend control measures. It would be useful to have a thorough retrospective data analysis of our cases to date in order to look at primary risk factors, where to focus active prevention efforts (e.g., implementing water management plans), and what outbreak interventions are most effective in healthcare facilities. This would entail multivariate analysis including control of confounding and inclusion of interaction terms.





Opportunities for primary data collection to fulfill the Field Investigation CAL:

Please describe projects or investigations with primary data collection opportunities that will fulfill the field investigation CAL. Requirements of the field investigation CAL: collect original data (e.g., interviews or chart reviews); work with state, local, tribal, international, or NGO partners; and commit at least 10 working days to the project (including planning, field work, data collection, data analysis, and follow-up). If there are not opportunities within the assignment to fulfill the CAL, please state that you support EISOs participating in Epi-Aids and emergency response deployments and give examples of how previous EISOs in your group have fulfilled the Field Investigation CAL.



The total word count for this field cannot exceed 250 words.





Ad hoc investigations are very likely to fill this Field Investigation CAL. For example, the current EISO has initiated primary data collection in a nursing home outbreak of COVID-19 post vaccination and for deeper investigation of breakthrough cases of COVID. The previous EISO led a two-state investigation of a large-scale HIV cluster in people who inject drugs (PWID) in Kentucky and Ohio, a vaccine reaction investigation associated with a non-medically trained vaccination provider, as well as assisting in primary data collection in a pipeline explosion investigation and community and first responder health impact assessment.  The EISO before that was the incident commander for an urgent investigation of arsenic exposure in a neighborhood that sat on the former site of a lumber treatment facility that improperly disposed of chemicals used in processing. 

Recently, we became aware of cases of pneumoconiosis (Coal Miner’s Black Lung Disease) in a couple who lived near a coal processing plant but never worked in the coal industry.  Gathering information from hospital in- and out-patient data, and potentially conducting community health assessments could be used to investigate this issue to see if it is more pervasive than realized, especially in light of the potential for misdiagnosis of pneumoconiosis in those without the obvious risk factor of working in the coal mining industry.

Another area where primary data collection would be useful involves assessing implementation and barriers to vaccination administration in healthcare workers in long-term care facilities where COVID-19 vaccination has lagged. This could assist in future responses.



Opportunities to collaborate with public health partners:

Please describe opportunities for activities, projects, or investigations that involve collaboration with public health partners (e.g., local, state, or international partners, universities, NGOs). Include a description of the nature of the collaboration, the EISO’s potential role, and the potential for the EISO to travel to interact on-site with public health partners. Examples of collaborative activities include providing training to a local health department, serving on a multiagency committee, or providing technical assistance to grantees. If officers will primarily interact with public health partners through field investigations, you can just state that here.



The total word count for this field cannot exceed 250 words.



Kentucky historically offers EISOs opportunities to collaborate with other public health partners.  The current EISO has collaborated with the KY Office of the Inspector General, local health departments, long-term care facilities, hospitals, and laboratories, as well as participating in COVID-19 healthcare and public health webinars where she has presented data on the COVID-19 pandemic and response to healthcare and public health providers multiple times.  Previous EISO’s have worked with other state health departments (Ohio, Indiana, Tennessee), local health departments in other states, other federal agencies (e.g., FDA and Bureau of Prisons in an E. coli investigation, the National Transportation Safety Board (NTSB) in the pipeline explosion response), universities via teaching opportunities, training of local health department staff in different topics, and CDC offices frequently (e.g., the Division of Healthcare Quality Promotion (DHQP), National Immunization Program (NIP), National Center for Environmental Health (NCEH), Agency for Toxic Substances and Disease Registry (ATSDR), National Center for Infectious Disease (NCID)).  Kentucky is a state that regularly requests Epi-Aid assistance, bringing EIS officers to the state to assist in investigations, giving the KY EISO the opportunity to lead, co-lead, and participate in official CDC field investigations with their EIS colleagues.  We also encourage our EISO’s to pursue international assignments with CDC; most of Kentucky’s EISO’s since 2004 have done at least one international detail.







Proposed Surveillance Project:

Briefly describe the surveillance evaluation that contributes to the assessment of a surveillance system of local, state, national, NGO, or international significance in order to meet the surveillance evaluation CAL. The description should include information on how the surveillance evaluation project will involve secondary (desk-based) and site visits/field evaluation of a surveillance system.



The total word count for this field cannot exceed 250 words.



Many possibilities are available and are only limited by the EISO’s interest.  Here are two examples:

The relatively recent outbreak (2019) of vaping-related illnesses and deaths revealed the lack of surveillance in Kentucky for lung-related health outcomes.  Though reporting of cases of pneumoconiosis (Coal-miner’s/ Black Lung disease), asbestosis, and silicosis, are statutorily required, while other lung-injury conditions are not.  Kentucky recently implemented surveillance of vaping-related illness and mortality.  Analysis of this ad hoc surveillance system after two years in service would be useful in developing overall lung injury surveillance. Data could be contrasted to in- and out-patient hospitalization data available through our Health Data and Analytics program.

Kentucky’s HIV Program has been funded by CDC for the Data to Care (D2C) initiative to assist with linkage of HIV patients to appropriate clinical care with the goal of ongoing viral suppression.  This saves the health and lives of HIV-infected individuals as well as reducing the rate of transmission to others.  Evaluation of this system for collecting appropriate data on linkage to care as well as looking further at barriers keeping people from care could serve as an additional surveillance opportunity.










Proposed Initial Project(s):

Thinking about the proposed analytic, surveillance, and field investigation projects listed above, list the project(s) that the officer can expect to start within the first month in the assignment.



The total word count for this field cannot exceed 100 words.



Either of the proposed surveillance projects are available for the EISO to begin immediately.  Other surveillance evaluation opportunities may arise at that time as well.  Additional assignments, including the analytic projects listed above, as well as engaging actively in understanding, participating in and likely leading one or more aspects of the ongoing COVID-19 response in Kentucky, as the current EISO, Dr. Alyson Cavanaugh has done, is also possible.  Delving into analysis of various aspects of the large amount of data collected during the COVID-19 response in order to better understand specific questions with public health significance is likely to be available upon beginning the EIS assignment. Typically, incoming EIS Officers are able to jump into a current public health response event, as these seem to be continuously arising, as well as engage in longer-term projects like the above.









Describe the breadth of work that the officer will experience:



The total word count for this field cannot exceed 100 words.



The EISO will have a wide range of opportunities at KDPH, limited only by their time, energy, and interests. The officer can expect to work across different disciplines, including epidemiologic, clinical laboratory, environmental and others. Typical EIS experiences: participating in/leading epidemiologic investigations; developing public health policy initiatives; participating in international responses; working on national disease responses (recent EIS deployments from Kentucky: Southern Border Crisis, Ebola in W. Africa, Chief Medical Officer Detail to Yosemite National Park). We support an officer’s participation in international Epi-Aids.











Position Strengths:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307386]Kentucky offers a maximum of opportunity, great supervision from experienced professionals across many disciplines, and include technical, publishing and leadership opportunities. Ample collaboration and supervision exist through primary and secondary supervisors and consulting epidemiologists. The EISO has ready access to State Epidemiologist, State PH Veterinarian, infectious disease experts and academic expertise.  Being a state health department site, the public health opportunities are only limited by the EISO’s interests. We encourage development of projects in any area of interest, such as injury, environmental health, maternal and child health, women’s health, chronic diseases, health equity, social determinants of health, etc.





Describe the data that the position owns and is readily available for the officer:









The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307780]Available data sources include national and statewide reportable disease surveillance systems, Kentucky’s

statewide immunization registry, vital records, behavioral risk factor surveillance system, cancer registry,

hospital discharge data, injury and substance use data, and the Kentucky Health Information Exchange.  KDPH is in the process of implementing electronic case reporting to pull case demographic, risk factor and clinical data electronically from hospital electronic health and laboratory records to create case reports in the National Electronic Disease Surveillance System (NEDSS), making case reporting more efficient and closer to real-time.  COVID-19 surveillance, mortality, breakthrough, reinfections, variant and vaccination data are available.











Describe the staff and resources available:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81308261]State Epidemiologist (PhD), Deputy State Epidemiologist/CDC CEFO (PhD), CDC Medical Officer (MD, PhD), KDPH Chief Nurse Officer (DNP), Deputy Commissioner (MD), HIV/AIDS Director (MD, MPH), Immunization Branch Manager (DNP), Immunizations Communications Specialist (DNP), several experienced, MPH-level lead epidemiologists, and approximately 40 state and 17 Regional Epidemiologists will provide expertise and support. The state laboratory works closely with the Division of Epidemiology and Health Planning. Collaboration occurs with all Department for Public Health divisions and local health departments, the Kentucky Cancer Registry, Kentucky Injury Prevention and Research Center, all state universities, the Kentucky Hospital Association, and 120 Kentucky hospitals.





Special skills useful for this position:









The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81308473]The ability to operate autonomously is a benefit, as is the ability to function in an urgent response environment, both in an emergency operations center or in the field. A portion of the officer’s duties will likely involve field investigations or work outside KDPH; flexibility for in-state travel is advantageous. Good quantitative skills are very helpful but there is lots of opportunity for analytic learning and support. Many activities will likely involve infectious diseases, so clinical knowledge is helpful, but not critical.  KY has had very successful placements with all EIS disciplines.











Recent Publications:

List citations of recent publications from the primary supervisor, secondary supervisor(s), or related group.



The total word count for this field cannot exceed 100 words.





van Staaden, Hendricks Spicer, et al.  Bacteraemia and antibiotic sensitivity in a tertiary neonatal intensive care unit.  Southern African Journal of Infectious Diseases. (in press).



Hofmeister, Xing, Thoroughman, et al. Factors associated with hepatitis A mortality during person‐to‐person outbreaks: A matched case‐control study–United States, 2016–2019. Hepatology 2020.



Varela, Scott, Thoroughman, et al. Primary Indicators to Systematically Monitor COVID-19 Mitigation and Response — Kentucky, May 19–July 15, 2020. MMWR 2020.



Arons, Hatfield, Spicer, et al. Presymptomatic SARS-CoV-2 Infections and Transmission in a Skilled Nursing Facility.  New England Journal of Medicine 2020.



Hofmeister, Xing, Thoroughman, et al. Hepatitis A Person-to-Person Outbreaks: Epidemiology, Morbidity Burden, and Factors Associated With Hospitalization—Multiple States, 2016–2019. The Journal of Infectious Diseases 2020.



Ham, See, Spicer, et al.  Investigation of hospital-onset methicillin-resistant Staphylococcus aureus bloodstream infections at eight high-burden acute care facilities in the USA, 2016.  Journal of Hospital Infection 2020.



Bellamy, Sanderson, Winter, et al.  Prevalence of alpha-gal sensitization among Kentucky timber harvesters and forestry and wildlife practitioners. Journal of Allergy and Clinical Immunology: In Practice (In press).



Winter. Prenatal Hepatitis C Screening in Kentucky: Does a Change in the Law Change Clinical Practice? Obstetrics & Gynecology: May 2020.













Officer Publications:  

List citations of current or recent EIS officer publications assigned to this host site, if any.



The total word count for this field cannot exceed 200 words.



[bookmark: _Hlk81309492]Cavanaugh (EISO), Spicer, Winter, et al. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR 2021.



Cavanaugh (EISO), Thoroughman, Spicer, et al. COVID-19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled Nursing Facility After Vaccination Program — Kentucky, March 2021. MMWR 2021.



Cavanaugh (EISO), Spicer, Thoroughman, et al. Suspected Recurrent SARS-CoV-2 Infections Among Residents of a Skilled Nursing Facility During a Second COVID-19 Outbreak — Kentucky, July–November 2020, MMWR 2021.



Blau (EISO), Spicer, Thoroughman, et al. Mycobacterium porcinum Skin and Soft Tissue Infections After Vaccinations — Kentucky, Ohio, and Indiana, September 2018–February 2019. MMWR (accepted for publication August 2021)



Bui, Kukielka, Blau (EISO), et al. The occupational health effects of responding to a natural gas pipeline explosion among emergency first responders — Lincoln County, Kentucky, 2019" for publication in Disaster Medicine and Public Health Preparedness, (In Press)



Yaffee (EISO), Roser, Daniels, et al. Verona Integron-Encoded Metallo-Beta-Lactamase–Producing Carbapenem-Resistant Enterobacteriaceae in a Neonatal and Adult Intensive Care Unit — Kentucky, 2015. MMWR 2016.



Russell (EISO), Zheteyeva (EISO), Thoroughman, et al.  Effect of 4-Day School District Closure on Influenza-Like Illness Rates Among Students and Household Members — Kentucky, 2013. Online J Public Health Inform 2014.











Specify the percentage of travel that your assignment will provide for the officer. Do not include travel that the EIS Program might provide through Epi-Aids, deployments, etc.



[bookmark: _Hlk81430970]Domestic Travel:   25 % 

International Travel:   5 %







Consultant(s):

For each consultant, list name, current title, degrees, if EIS alumni (yes/no) and year of EIS (if yes).

		Name

		Current Title

		Degree(s)

		EIS Alumni?

		Year of EIS



		Kelly Giesbrecht

		State PH Veterinarian

		DVM, MPH

		NO

		



		Andrea Flinchum

		HAI Section Mgr.

		MPH, BSN, RN, CIC, FAPIC

		NO

		



		Tisha Johnson

		HIV/AIDS Program Director

		MD, MPH FACPM

		NO

		



		Emily Messerli

		Immunizations Branch Manager

		DNP, APRN, 

FNP-C

		NO

		



		Sara Robeson

		Epidemiologist III – Epidemiology and Health Planning

		MPH

		NO

		



		Tracy Jewell

		Epidemiologist III – Maternal & Child Health

		MPH

		NO

		



		Amanda Wilburn

		Epidemiologist III – Viral Hep Section Mgr.

		MPH

		NO

		



		Connie White

		Sr. Deputy Commissioner

		MD

		NO

		



		Ruth Willard

		Chief Nurse Officer

		DNP, MBA, 

RN-BC

		NO

		



		Steven Stack

		Commissioner

		MD, MBA, FACEP

		NO

		













Current/Recent EISOs:

For each EISO, list name, current title, degrees, and year of EIS.

		Name

		Current Title

		Degree(s)

		Year of EIS



		

Alyson Cavanaugh



		

EISO - KY

		

DPT, PhD, MPH

		

2020



		

Erin Blau

		Nurse Epidemiologist, CDC Preventive Med Res.

		

DNP, MPH RN

		

2018



		Anna Yaffee

		ED Physician/Ebola Preparedness Coordinator, Emory Hospital

		MD, MPH

		2015





















Variables only available for non-Atlanta assignments



The total combined word count for these fields cannot exceed 150 words. 



Size of Community: Frankfort, Kentucky's capital, has a population of approximately 28,000. Louisville (50

miles west) has a population of 767,000; Lexington (22 miles east) has 323,000. Kentucky’s population is about 4.5 million.



University Affiliation: KDPH enjoys close public health collaboration with area universities including

Universities of Kentucky, Louisville, Eastern Kentucky, Western Kentucky, and Northern Kentucky. Adjunct

faculty appointments are possible.



Living Environment: Pleasant rural, suburban or urban (Louisville or Lexington) living environments are

available. Central Kentucky is a low cost-of-living, family-friendly environment.



Cultural and Recreational Assets: Situated in the heart of the Bluegrass, Kentucky's horse country, Frankfort

provides a central location where you can enjoy abundant outdoor activities, and the cultural, social, and

entertainment opportunities of Kentucky's largest cities, Louisville and Lexington, which are both within short

drives.

Opportunity for Partners’ Employment: Ample opportunities. The Bluegrass Region has low unemployment rates (<5%) and opportunities range across the board.
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Class of 2022 EIS Prematch Host Site Application



[bookmark: _Toc410395384]Class of 2022 EIS Prematch Host Site Application

Instructions for each field are in the box preceding the field. 

Please pay close attention to, and respect, the word count limitations. 

 Please type your text where the blue “type here” text is located. 

Please do not attempt to type your text into the box surrounding the instructions. 





Prematch is intended to fill hard to match sites that otherwise offer high quality supervision and projects and often reflect a particular agency need. Hard to match sites include assignments that have recruited in recent match cycles with no resultant match, or sites that typically receive low numbers of interviews at conference. Considering the above, please describe why your assignment should be considered for the prematch.



The total word count for this field cannot exceed 200 words. 



Kentucky provides a dynamic and experiential environment for EISOs to learn about applied field epidemiology. Supervision, long a strength of this placement (EIS-trained CDC Career Epidemiology Field Officer as primary, and state-based infectious disease physicians as secondary supervisors), has grown stronger recently with the addition of a PhD epidemiologist State Epi (Dr. Kathleen Winter), a CDC infectious disease epidemiologist (Dr. Kevin Spicer), an ER physician Commissioner (Dr. Steven Stack), a preventive medicine-trained physician HIV/AIDS Director (Dr. Tisha Johnson), and several other new doctoral level staff. Doug Thoroughman, the primary supervisor, has over 25 years’ experience in public health and 15 years as a primary EISO supervisor. Kentucky ranks poorly on most national health and public health measures; the socioeconomic status of the population leads to an abundance of poor public health outcomes. KDPH has a cohesive health department allowing the EISO to be involved in any area of public health.  EISO’s are encouraged to engage in urgent public health responses, both in and outside of Kentucky, including international assignments. Despite being a great field site, KDPH has never matched successfully through the regular process since the class of 1995, which was attempted unsuccessfully in 2017 and 2014 most recently.





Every assignment must identify one Primary Supervisor and at least one Secondary Supervisor (two Secondary Supervisors and multiple consultants are allowed) who want to supervise an EIS officer. The Primary Supervisor must be an epidemiologist with at least two years of epidemiology experience; if an EIS alumnus, the Primary Supervisor must have at least two years of epidemiology experience after completion of EIS; the 1st Secondary Supervisor must also meet the Primary Supervisor criteria.



Primary Supervisor (name):  Dr. Doug Thoroughman 

· [bookmark: _Hlk79407616]Title: Career Epidemiology Field Officer/KY Deputy State Epidemiologist

· Full time employee?      X    Yes ____No  

· Degrees:      PhD, MS	

· [bookmark: _Hlk81286830]EIS Alum?      X    Yes ____No    If yes, year?    1996	  

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 8

· How many years as EIS primary supervisor? 15

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: PHAP (1), CSTE AEF (3), CSTE APHIF (1), CSTE HSIP Fellow (12), CSTE IFA (1), multiple MPH and PhD practicum students assigned to KDPH 







1st Secondary Supervisor (name): Dr. Kathleen Winter

· Title: KY State Epidemiologist, Director, Division of Epidemiology and Health Planning

· Full time employee?     X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  ____Yes     X    No    If yes, year? 

· Ever supervised an EISO?  ____Yes     X    No    If yes: 

· Number of EIS officers supervised: 0

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: N/A

· Other fellows supervised: No fellow supervision but have supervisee a number of other staff, including epidemiologists, nurses, support staff in previous position and supervision Division of Epidemiology currently



2nd Secondary Supervisor (name): Dr. Kevin Spicer

· Title: CDC Medical Officer assigned to Kentucky’s Healthcare Associated Infections Program

· Full time employee?      X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  _____Yes        X    No    If yes, year? 

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 1

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 1

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: Served as clinical supervisor for pediatric infectious disease fellows and residents













Briefly describe the current/recent EIS officer projects:



The total word count for this field cannot exceed 50 words. 



Dr. Cavanaugh has focused COVID-19 response activities, including leading Kentucky’s breakthrough case surveillance, reinfection surveillance, and variant strain surveillance, and contributing to ongoing data processing, including reports for the Commissioner’s and Governor’s Offices and public website posting, and a COVID-19 Key Points document produced distributed statewide to public health partners.













Background: 

Describe the mission, goals, and focus of the work where the position is based.



The total word count for this field cannot exceed 200 words. 



[bookmark: _Hlk81305488]Kentucky’s Division of Epidemiology and Health Planning is responsible for the control of communicable disease, disease surveillance and investigation, increasing the population’s immunization coverage, injury prevention and research, vital statistics and health data. Our goal is to continuously improve the capability of our programs to accomplish those responsibilities, through better detection of diseases and conditions of public health concern, more effective investigation of causes and risk factors, promotion of evidence-based prevention methods, and use of what is learned to prevent spread of disease and other negative public health outcomes. In recent years, KDPH has greatly improved its capability to detect outbreaks of reportable diseases

and other health outcomes and is expanding its capability to investigate these events and provide solid public health recommendations to reduce further transmission of disease or promulgation of risky behaviors and activities that result in illness and death. The Division of Epidemiology works closely with the Division of Laboratory Services, Environmental Health, Adult and Child Health, Chronic Disease, Women’s Health, and the Office of Health Equity at KDPH and with the Kentucky Injury Prevention and Research Center (KIPRC) at the University of Kentucky, to prosecute its mission and goals.



Proposed Analytic Projects:

Briefly describe the types of analytic project(s) that the officer can expect to conduct. Describe how the projects will move beyond descriptive epidemiology and into analytic epidemiology (e.g., multivariate modeling, time-series modeling, analyses of effect modification), and if the protocols have been developed (EISOs should not spend a substantial amount of time developing protocols).



The total word count for this field cannot exceed 250 words.



In 2021, Kentucky saw the introduction of Candida auris, deemed as a “global health threat” by CDC. It is spreading quickly, facility-to-facility.  Breakdowns in primary infection prevention practices are leading to endemicity of C. auris in vulnerable Kentucky long-term care populations. The Kentucky Healthcare Associated Infections (HAI) Program has a strong relationship with healthcare facilities and collects data on HAI’s through an established surveillance process, including an extensively drug-resistant organism (XDRO) registry.  This data is available for analysis looking at trends, risk factors for spread, and survivability of different pathogens, to target prevention effectively.  

Skin and soft tissue infections and endocarditis are common outcomes of injection drug use. Hospitalization data needs to be analyzed to describe the trends of these outcomes overall in Kentucky, a state with extremely high prevalence of people who inject drugs (PWID), as well as to analyze these trends in relation to changes in laws relating to opioid prescribing over time and risk factors that might lead to more effective prevention measures.  Analytic epidemiology would be needed to control to illuminate highest risk populations to target interventions.

Understanding the dynamics of COVID-19 case rates, vaccination rates, seroprevalence, and social vulnerability is an area of study ripe for analysis.  Kentucky engaged with a major laboratory to conduct a statewide serosurvey. Initial results have helped target vaccination efforts. The available data is rich and not analyzed deeply at this point and could be used to examine a number of research questions valuable to the ongoing COVID-19 response. 

Opportunities for primary data collection to fulfill the Field Investigation CAL:

Please describe projects or investigations with primary data collection opportunities that will fulfill the field investigation CAL. Requirements of the field investigation CAL: collect original data (e.g., interviews or chart reviews); work with state, local, tribal, international, or NGO partners; and commit at least 10 working days to the project (including planning, field work, data collection, data analysis, and follow-up). If there are not opportunities within the assignment to fulfill the CAL, please state that you support EISOs participating in Epi-Aids and emergency response deployments and give examples of how previous EISOs in your group have fulfilled the Field Investigation CAL.



The total word count for this field cannot exceed 250 words.





Ad hoc investigations are very likely to fill this Field Investigation CAL. For example, the current EISO has initiated primary data collection in a nursing home outbreak of COVID-19 post vaccination and for deeper investigation of breakthrough cases of COVID. The previous EISO led a two-state investigation of a large-scale HIV cluster in people who inject drugs (PWID) in Kentucky and Ohio, a vaccine reaction investigation associated with a non-medically trained vaccination provider, as well as assisting in primary data collection in a pipeline explosion investigation and community and first responder health impact assessment.  The EISO before that was the incident commander for an urgent investigation of arsenic exposure in a neighborhood that sat on the former site of a lumber treatment facility that improperly disposed of chemicals used in processing. 

Recently, we became aware of cases of pneumoconiosis (Coal Miner’s Black Lung Disease) in a couple who lived near a coal processing plant but never worked in the coal industry.  Gathering information from hospital in- and out-patient data, and potentially conducting community health assessments could be used to investigate this issue to see if it is more pervasive than realized, especially in light of the potential for misdiagnosis of pneumoconiosis in those without the obvious risk factor of working in the coal mining industry.

Another area where primary data collection would be useful involves assessing implementation and barriers to vaccination administration in healthcare workers in long-term care facilities where COVID-19 vaccination has lagged. This could assist in future responses.



Opportunities to collaborate with public health partners:

Please describe opportunities for activities, projects, or investigations that involve collaboration with public health partners (e.g., local, state, or international partners, universities, NGOs). Include a description of the nature of the collaboration, the EISO’s potential role, and the potential for the EISO to travel to interact on-site with public health partners. Examples of collaborative activities include providing training to a local health department, serving on a multiagency committee, or providing technical assistance to grantees. If officers will primarily interact with public health partners through field investigations, you can just state that here.



The total word count for this field cannot exceed 250 words.



Kentucky historically offers EISOs opportunities to collaborate with other public health partners.  The current EISO has collaborated with the KY Office of the Inspector General, local health departments, long-term care facilities, hospitals, and laboratories, as well as participating in COVID-19 healthcare and public health webinars where she has presented data on the COVID-19 pandemic and response to healthcare and public health providers multiple times.  Previous EISO’s have worked with other state health departments (Ohio, Indiana, Tennessee), local health departments in other states, other federal agencies (e.g., FDA and Bureau of Prisons in an E. coli investigation, the National Transportation Safety Board (NTSB) in the pipeline explosion response), universities via teaching opportunities, training of local health department staff in different topics, and CDC offices frequently (e.g., the Division of Healthcare Quality Promotion (DHQP), National Immunization Program (NIP), National Center for Environmental Health (NCEH), Agency for Toxic Substances and Disease Registry (ATSDR), National Center for Infectious Disease (NCID)).  Kentucky is a state that regularly requests Epi-Aid assistance, bringing EIS officers to the state to assist in investigations, giving the KY EISO the opportunity to lead, co-lead, and participate in official CDC field investigations with their EIS colleagues.  We also encourage our EISO’s to pursue international assignments with CDC; most of Kentucky’s EISO’s since 2004 have done at least one international detail.







Proposed Surveillance Project:

Briefly describe the surveillance evaluation that contributes to the assessment of a surveillance system of local, state, national, NGO, or international significance in order to meet the surveillance evaluation CAL. The description should include information on how the surveillance evaluation project will involve secondary (desk-based) and site visits/field evaluation of a surveillance system.



The total word count for this field cannot exceed 250 words.



[bookmark: _Hlk81306658]Many possibilities are available and are only limited by the EISO’s interest.  Here are two examples:

Infectious disease outcomes of injection drug use, such as endocarditis, are not currently reportable conditions in Kentucky.  Evaluation of the need and capacity to conduct surveillance on these conditions and implementation of a surveillance system would greatly assist the state, given the high, and increasing, prevalence of illicit drug use and drug overdose mortality.  Hospitalization data can be analyzed to understand background rates of these outcomes and assessment of the utility and burden of reporting can help inform the Kentucky Department for Public Health if developing a surveillance program would be indicated.  There is a possibility of changing legislation to require reporting of some of these associated conditions should that be shown advisable in a surveillance evaluation such as this.

The extensively drug-resistant organism (XDRO) registry that Kentucky has established is in its beginning stages, electronically collecting data on patients with carbapenem-resistant Enterobacteriaceae (CRE). Evaluation of this system now, to inform improvements and expansion the data collected to include other XDRO’s, is vital, as well as working to identify areas that can be built upon for other organisms and improved for CRE.  The key capability of this surveillance system is to be able to alert facilities for all incoming patients to any past history of an XDRO so that patients can be managed with proper infection prevention precautions from admission to prevent spread of HAI’s.










Proposed Initial Project(s):

Thinking about the proposed analytic, surveillance, and field investigation projects listed above, list the project(s) that the officer can expect to start within the first month in the assignment.



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81426407][bookmark: _Hlk81427414]Either of the proposed surveillance projects are available for the EISO to begin immediately.  Other surveillance evaluation opportunities may arise at that time as well.  Additional assignments, including the analytic projects listed above, as well as engaging actively in understanding, participating in and likely leading one or more aspects of the ongoing COVID-19 response in Kentucky, as the current EISO, Dr. Alyson Cavanaugh has done, is also possible.  Delving into analysis of various aspects of the large amount of data collected during the COVID-19 response in order to better understand specific questions with public health significance is likely to be available upon beginning the EIS assignment. Typically, incoming EIS Officers are able to jump into a current public health response event, as these seem to be continuously arising, as well as engage in longer-term projects like the above.









Describe the breadth of work that the officer will experience:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307233]The EISO will have a wide range of opportunities at KDPH, limited only by their time, energy, and interests. The officer can expect to work across different disciplines, including epidemiologic, clinical laboratory, environmental and others. Typical EIS experiences: participating in/leading epidemiologic investigations; developing public health policy initiatives; participating in international responses; working on national disease responses (recent EIS deployments from Kentucky: Southern Border Crisis, Ebola in W. Africa, Chief Medical Officer Detail to Yosemite National Park). We support an officer’s participation in international Epi-Aids.











Position Strengths:



The total word count for this field cannot exceed 100 words.



Kentucky offers a maximum of opportunity, great supervision from experienced professionals across many disciplines, and include technical, publishing and leadership opportunities. Ample collaboration and supervision exist through primary and secondary supervisors and consulting epidemiologists. The EISO has ready access to State Epidemiologist, State PH Veterinarian, infectious disease experts and academic expertise.  Being a state health department site, the public health opportunities are only limited by the EISO’s interests. We encourage development of projects in any area of interest, such as injury, environmental health, maternal and child health, women’s health, chronic diseases, health equity, social determinants of health, etc.





Describe the data that the position owns and is readily available for the officer:









The total word count for this field cannot exceed 100 words.



Available data sources include national and statewide reportable disease surveillance systems, Kentucky’s

statewide immunization registry, vital records, behavioral risk factor surveillance system, cancer registry,

hospital discharge data, injury and substance use data, and the Kentucky Health Information Exchange.  KDPH is in the process of implementing electronic case reporting to pull case demographic, risk factor and clinical data electronically from hospital electronic health and laboratory records to create case reports in the National Electronic Disease Surveillance System (NEDSS), making case reporting more efficient and closer to real-time.  COVID-19 surveillance, mortality, breakthrough, reinfections, variant and vaccination data are available.











Describe the staff and resources available:



The total word count for this field cannot exceed 100 words.



State Epidemiologist (PhD), Deputy State Epidemiologist/CDC CEFO (PhD), CDC Medical Officer (MD, PhD), KDPH Chief Nurse Officer (DNP), Deputy Commissioner (MD), HIV/AIDS Director (MD, MPH), Immunization Branch Manager (DNP), Immunizations Communications Specialist (DNP), several experienced, MPH-level lead epidemiologists, and approximately 40 state and 17 Regional Epidemiologists will provide expertise and support. The state laboratory works closely with the Division of Epidemiology and Health Planning. Collaboration occurs with all Department for Public Health divisions and local health departments, the Kentucky Cancer Registry, Kentucky Injury Prevention and Research Center, all state universities, the Kentucky Hospital Association, and 120 Kentucky hospitals.





Special skills useful for this position:









The total word count for this field cannot exceed 100 words.



The ability to operate autonomously is a benefit, as is the ability to function in an urgent response environment, both in an emergency operations center or in the field. A portion of the officer’s duties will likely involve field investigations or work outside KDPH; flexibility for in-state travel is advantageous. Good quantitative skills are very helpful but there is lots of opportunity for analytic learning and support. Many activities will likely involve infectious diseases, so clinical knowledge is helpful, but not critical.  KY has had very successful placements with all EIS disciplines.











Recent Publications:

List citations of recent publications from the primary supervisor, secondary supervisor(s), or related group.



The total word count for this field cannot exceed 100 words.





[bookmark: _Hlk81430153]Bellamy, Sanderson, Winter, et al.  Prevalence of alpha-gal sensitization among Kentucky timber harvesters and forestry and wildlife practitioners. Journal of Allergy and Clinical Immunology: In Practice (In press).

Hofmeister, Xing, Thoroughman, et al. Factors associated with hepatitis A mortality during person‐to‐person outbreaks: A matched case‐control study–United States, 2016–2019. Hepatology 2020.



Winter, Adekunle, Harp, et al. Assessing Hepatitis C among perinatal women undergoing treatment for opioid use disorder in Kentucky. Obstetrics & Gynecology: May 2020.



Hofmeister, Xing, Thoroughman, et al. Hepatitis A Person-to-Person Outbreaks: Epidemiology, Morbidity Burden, and Factors Associated With Hospitalization—Multiple States, 2016–2019. The Journal of Infectious Diseases 2020.



Winter K. Prenatal Hepatitis C Screening in Kentucky: Does a Change in the Law Change Clinical Practice? Obstetrics & Gynecology: May 2020.



Arons, Hatfield, Spicer, et al. Presymptomatic SARS-CoV-2 Infections and Transmission in a Skilled Nursing Facility.  New England Journal of Medicine 2020.



Ham, See, Spicer, et al.  Investigation of hospital-onset methicillin-resistant Staphylococcus aureus bloodstream infections at eight high-burden acute care facilities in the USA, 2016.  Journal of Hospital Infection 2020.



Varela, Scott, Thoroughman, et al. Primary Indicators to Systematically Monitor COVID-19 Mitigation and Response — Kentucky, May 19–July 15, 2020. MMWR 2020.













Officer Publications:  

List citations of current or recent EIS officer publications assigned to this host site, if any.



The total word count for this field cannot exceed 200 words.



[bookmark: _Hlk81309492][bookmark: _Hlk81429000]Cavanaugh (EISO), Thoroughman, Spicer, Winter, et al. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR 2021.



Cavanaugh (EISO), Thoroughman, Spicer, et al. COVID-19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled Nursing Facility After Vaccination Program — Kentucky, March 2021. MMWR 2021.



Cavanaugh (EISO), Spicer, Thoroughman, et al. Suspected Recurrent SARS-CoV-2 Infections Among Residents of a Skilled Nursing Facility During a Second COVID-19 Outbreak — Kentucky, July–November 2020, MMWR 2021.



Blau (EISO), Spicer, Thoroughman, et al. Mycobacterium porcinum Skin and Soft Tissue Infections After Vaccinations — Kentucky, Ohio, and Indiana, September 2018–February 2019. MMWR (accepted for publication August 2021)



Bui, Kukielka, Blau (EISO), Tompkins, Thoroughman, et al. The occupational health effects of responding to a natural gas pipeline explosion among emergency first responders — Lincoln County, Kentucky, 2019" for publication in Disaster Medicine and Public Health Preparedness, (In Press)



Yaffee (EISO), Roser, Daniels, et al. Verona Integron-Encoded Metallo-Beta-Lactamase–Producing Carbapenem-Resistant Enterobacteriaceae in a Neonatal and Adult Intensive Care Unit — Kentucky, 2015. MMWR 2016.



Russell (EISO), Zheteyeva (EISO), Thoroughman, et al.  Effect of 4-Day School District Closure on Influenza-Like Illness Rates Among Students and Household Members — Kentucky, 2013. Online J Public Health Inform 2014.











Specify the percentage of travel that your assignment will provide for the officer. Do not include travel that the EIS Program might provide through Epi-Aids, deployments, etc.



Domestic Travel:   25 % 

International Travel:   5 %





Consultant(s):

For each consultant, list name, current title, degrees, if EIS alumni (yes/no) and year of EIS (if yes).

		Name

		Current Title

		Degree(s)

		EIS Alumni?

		Year of EIS



		Kelly Giesbrecht

		State PH Veterinarian

		DVM, MPH

		NO

		



		Andrea Flinchum

		HAI Section Mgr.

		MPH, BSN, RN, CIC, FAPIC

		NO

		



		Tisha Johnson

		HIV/AIDS Program Director

		MD, MPH FACPM

		NO

		



		Emily Messerli

		Immunizations Branch Manager

		DNP, APRN, 

FNP-C

		NO

		



		Sara Robeson

		Epidemiologist III – Epidemiology and Health Planning

		MPH

		NO

		



		Tracy Jewell

		Epidemiologist III – Maternal & Child Health

		MPH

		NO

		



		Amanda Wilburn

		Epidemiologist III – Viral Hep Section Mgr.

		MPH

		NO

		



		Connie White

		Sr. Deputy Commissioner

		MD

		NO

		



		Ruth Willard

		Chief Nurse Officer

		DNP, MBA, 

RN-BC

		NO

		



		Steven Stack

		Commissioner

		MD, MBA, FACEP

		NO

		













Current/Recent EISOs:

For each EISO, list name, current title, degrees, and year of EIS.

		[bookmark: _Hlk81432348]Name

		Current Title

		Degree(s)

		Year of EIS



		Alyson Cavanaugh

		EISO - KY

		DPT, PhD, MPH

		2020



		

Erin Blau

		Nurse Epidemiologist, CDC Preventive Med Res.

		

DNP, MPH RN

		

2018



		Anna Yaffee

		ED Physician/Ebola Preparedness Coordinator, Emory Hospital

		MD, MPH

		2015





















Variables only available for non-Atlanta assignments



The total combined word count for these fields cannot exceed 150 words. 



[bookmark: _Hlk81432811]Size of Community: Frankfort, Kentucky's capital, has a population of approximately 28,000. Louisville (50

miles west) has a population of 767,000; Lexington (22 miles east) has 323,000. Kentucky’s population is about 4.5 million.



University Affiliation: KDPH enjoys close public health collaboration with area universities including

Universities of Kentucky, Louisville, Eastern Kentucky, Western Kentucky, and Northern Kentucky. Adjunct

faculty appointments are possible.



Living Environment: Pleasant rural, suburban or urban (Louisville or Lexington) living environments are

available. Central Kentucky is a low cost-of-living, family-friendly environment.



Cultural and Recreational Assets: Situated in the heart of the Bluegrass, Kentucky's horse country, Frankfort

provides a central location where you can enjoy abundant outdoor activities, and the cultural, social, and

entertainment opportunities of Kentucky's largest cities, Louisville and Lexington, which are both within short

drives.

Opportunity for Partners’ Employment: Ample opportunities. The Bluegrass Region has low unemployment rates (<5%) and opportunities range across the board.
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authorship noted on each, with enough information for them to be searched up on the web,
but not all the specific detail that was driving up the word counts (e.g., I excluded author first
initials, used "et al" to cover additional authors, did not keep the authors in order to keep our
names on the list, and left out the specific volume, page number and/or DOI references).  If
they can't find the articles based on what is there, they shouldn't be in EIS anyway!  

These are due Friday, as I noted, so if you can do a quick review and let me know of any
suggested revisions as soon as you are able, I will be greatly in your debt.  I guess I should ask
if that arrangement for supervision is all right with both of you?  I think this will be very similar
to what we have done with Alyson, Kevin, and I would expect the officer with you as the first
secondary supervisor to focus more of their time and energy in areas that fit into your
assignment here in Kentucky so that your supervision is in line with what we have done with
Alyson.  Hopefully, you are willing and able to continue in that role, because I think it has been
a great success having you as a secondary EIS supervisor for Kentucky and for the EIS Officer! I
think it will be very much the same with you, Kathleen!!

Thank you for your help with this!  EIS is one of the great ways I feel that we can help Kentucky
public health to continue to get better and get on the map (witness all the EIS-generated
publications on the short list!).
Doug

Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.

IR#0588 - KT DPH - Production_000031



From: Thoroughman, Douglas (CHFS DPH)
To: Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP)
Subject: EIS Prematch Office Hours
Attachments: 2022 Prematch Host Site Application KY-1 Final.docx

2022 Prematch Host Site Application KY-2 Final.docx

Hello, Alyson, Kathleen and Kevin,

 

We have scheduled our EIS Prematch Office Hours block for 1:00 – 2:00 on Tuesday, October 5th.  Dr. Winter has graciously provided her Zoom Link
so that we can call in and this will be provided to the EIS Class of 2022 candidates. The session will be for them to learn more about the assignment
and to ask questions.  

 

Candidates may come in at the beginning or any time during the session.  We are supposed to record the session and then provide a link to the EIS
program so that those who want to learn about us but didn’t attend can view the recording.  I think we should be prepared to talk about our EIS slot
here in Kentucky so that if no one shows up we can fill the time so that others can learn about us (thought that will probably come across as lame to
others viewing if no one shows up!). In that case, I would suggest that we do introductions first, and then go around and each of us talk about what
projects we have available, our state, whatever comes to mind that we want to talk about to entice EISO candidates to consider Kentucky as their top
option.

 

I have attached the position descriptions that we put together – I could only submit one, but put both Kathleen and Kevin as secondary supervisors.  We
will hold the other one for the actual match, but projects and supervision for either can be fluid in my mind.

 

Look forward to seeing you at the session (and if you can access a camera, that would be good, so that the candidates can actually see us each).  

 

Doug

 

Topic: EIS Prematch

Time: Oct 5, 2021 01:00 PM Eastern Time (US and Canada)

 

Join from PC, Mac, Linux, iOS or Android: 

    

 

Or Telephone:

 

    One tap mobile:

    

    

 

    Dial:

    

    

    

    

Find local AT&T Numbers: 

 

 

 

IR#0588 - KT DPH - Production_000032
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Class of 2022 EIS Prematch Host Site Application



[bookmark: _Toc410395384]Class of 2022 EIS Prematch Host Site Application

Instructions for each field are in the box preceding the field. 

Please pay close attention to, and respect, the word count limitations. 

 Please type your text where the blue “type here” text is located. 

Please do not attempt to type your text into the box surrounding the instructions. 





Prematch is intended to fill hard to match sites that otherwise offer high quality supervision and projects and often reflect a particular agency need. Hard to match sites include assignments that have recruited in recent match cycles with no resultant match, or sites that typically receive low numbers of interviews at conference. Considering the above, please describe why your assignment should be considered for the prematch.



The total word count for this field cannot exceed 200 words. 



Kentucky provides a dynamic and experiential environment for EISOs to learn about applied field epidemiology. Supervision, long a strength of this placement (EIS-trained CDC Career Epidemiology Field Officer as primary, and state-based infectious disease physicians as secondary supervisors), has grown stronger recently with the addition of a PhD epidemiologist State Epi (Dr. Kathleen Winter), a CDC infectious disease epidemiologist (Dr. Kevin Spicer), an ER physician Commissioner (Dr. Steven Stack), a preventive medicine-trained physician HIV/AIDS Director (Dr. Tisha Johnson), and several other new doctoral level staff. Doug Thoroughman, the primary supervisor, has over 25 years’ experience in public health and 15 years as a primary EISO supervisor. Kentucky ranks poorly on most national health and public health measures; the socioeconomic status of the population leads to an abundance of poor public health outcomes. KDPH has a cohesive health department allowing the EISO to be involved in any area of public health.  EISO’s are encouraged to engage in urgent public health responses, both in and outside of Kentucky, including international assignments. Despite being a great field site, KDPH has never matched successfully through the regular process since the class of 1995, which was attempted unsuccessfully in 2017 and 2014 most recently.





Every assignment must identify one Primary Supervisor and at least one Secondary Supervisor (two Secondary Supervisors and multiple consultants are allowed) who want to supervise an EIS officer. The Primary Supervisor must be an epidemiologist with at least two years of epidemiology experience; if an EIS alumnus, the Primary Supervisor must have at least two years of epidemiology experience after completion of EIS; the 1st Secondary Supervisor must also meet the Primary Supervisor criteria.



Primary Supervisor (name):  Dr. Doug Thoroughman 

· [bookmark: _Hlk79407616]Title: Career Epidemiology Field Officer/KY Deputy State Epidemiologist

· Full time employee?      X    Yes ____No  

· Degrees:      PhD, MS	

· [bookmark: _Hlk81286830]EIS Alum?      X    Yes ____No    If yes, year?    1996	  

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 8

· How many years as EIS primary supervisor? 15

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: PHAP (1), CSTE AEF (3), CSTE APHIF (1), CSTE HSIP Fellow (12), CSTE IFA (1), multiple MPH and PhD practicum students assigned to KDPH 







1st Secondary Supervisor (name): Dr. Kevin Spicer

· Title: CDC Medical Officer assigned to Kentucky’s Healthcare Associated Infections Program

· Full time employee?      X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  _____Yes        X    No    If yes, year? 

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 1

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 1

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: Served as clinical supervisor for pediatric infectious disease fellows and residents



2nd Secondary Supervisor (name): Dr. Kathleen Winter

· Title: KY State Epidemiologist, Director, Division of Epidemiology and Health Planning

· Full time employee?     X    Yes ____No  

· Degrees:      PhD, MPH		

· EIS Alum?  ____Yes     X    No    If yes, year? 

· Ever supervised an EISO?  ____Yes     X    No    If yes: 

· Number of EIS officers supervised: 0

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: N/A

· Other fellows supervised: No fellow supervision but have supervisee a number of other staff, including epidemiologists, nurses, support staff in previous position and supervision Division of Epidemiology currently









Briefly describe the current/recent EIS officer projects:



The total word count for this field cannot exceed 50 words. 



Dr. Cavanaugh has focused COVID-19 response activities, including leading Kentucky’s breakthrough case surveillance, reinfection surveillance, and variant strain surveillance, and contributing to ongoing data processing, including reports for the Commissioner’s and Governor’s Offices and public website posting, and a COVID-19 Key Points document produced distributed statewide to public health partners.














Background: 

Describe the mission, goals, and focus of the work where the position is based.



The total word count for this field cannot exceed 200 words. 



[bookmark: _Hlk81305488]Kentucky’s Division of Epidemiology and Health Planning is responsible for the control of communicable disease, disease surveillance and investigation, increasing the population’s immunization coverage, injury prevention and research, vital statistics and health data. Our goal is to continuously improve the capability of our programs to accomplish those responsibilities, through better detection of diseases and conditions of public health concern, more effective investigation of causes and risk factors, promotion of evidence-based prevention methods, and use of what is learned to prevent spread of disease and other negative public health outcomes. In recent years, KDPH has greatly improved its capability to detect outbreaks of reportable diseases

and other health outcomes and is expanding its capability to investigate these events and provide solid public health recommendations to reduce further transmission of disease or promulgation of risky behaviors and activities that result in illness and death. The Division of Epidemiology works closely with the Division of Laboratory Services, Environmental Health, Adult and Child Health, Chronic Disease, Women’s Health, and the Office of Health Equity at KDPH and with the Kentucky Injury Prevention and Research Center (KIPRC) at the University of Kentucky, to prosecute its mission and goals.



Proposed Analytic Projects:

Briefly describe the types of analytic project(s) that the officer can expect to conduct. Describe how the projects will move beyond descriptive epidemiology and into analytic epidemiology (e.g., multivariate modeling, time-series modeling, analyses of effect modification), and if the protocols have been developed (EISOs should not spend a substantial amount of time developing protocols).



The total word count for this field cannot exceed 250 words.



In 2021, Kentucky saw the introduction of Candida auris, deemed as a “global health threat” by CDC. It is spreading quickly, facility-to-facility.  Breakdowns in primary infection prevention practices are leading to endemicity of C. auris in vulnerable Kentucky long-term care populations. The Kentucky Healthcare Associated Infections (HAI) Program has a strong relationship with healthcare facilities and collects data on HAI’s through an established surveillance process, including an extensively drug-resistant organism (XDRO) registry.  This data is available for analysis looking at trends, risk factors for spread, and survivability of different pathogens, to target prevention effectively.  

Skin and soft tissue infections and endocarditis are common outcomes of injection drug use. Hospitalization data needs to be analyzed to describe the trends of these outcomes overall in Kentucky, a state with extremely high prevalence of people who inject drugs (PWID), as well as to analyze these trends in relation to changes in laws relating to opioid prescribing over time and risk factors that might lead to more effective prevention measures.  Analytic epidemiology would be needed to control to illuminate highest risk populations to target interventions.

Understanding the dynamics of COVID-19 case rates, vaccination rates, seroprevalence, and social vulnerability is an area of study ripe for analysis.  Kentucky engaged with a major laboratory to conduct a statewide serosurvey. Initial results have helped target vaccination efforts. The available data is rich and not analyzed deeply at this point and could be used to examine a number of research questions valuable to the ongoing COVID-19 response. 

Opportunities for primary data collection to fulfill the Field Investigation CAL:

Please describe projects or investigations with primary data collection opportunities that will fulfill the field investigation CAL. Requirements of the field investigation CAL: collect original data (e.g., interviews or chart reviews); work with state, local, tribal, international, or NGO partners; and commit at least 10 working days to the project (including planning, field work, data collection, data analysis, and follow-up). If there are not opportunities within the assignment to fulfill the CAL, please state that you support EISOs participating in Epi-Aids and emergency response deployments and give examples of how previous EISOs in your group have fulfilled the Field Investigation CAL.



The total word count for this field cannot exceed 250 words.





Ad hoc investigations are very likely to fill this Field Investigation CAL. For example, the current EISO has initiated primary data collection in a nursing home outbreak of COVID-19 post vaccination and for deeper investigation of breakthrough cases of COVID. The previous EISO led a two-state investigation of a large-scale HIV cluster in people who inject drugs (PWID) in Kentucky and Ohio, a vaccine reaction investigation associated with a non-medically trained vaccination provider, as well as assisting in primary data collection in a pipeline explosion investigation and community and first responder health impact assessment.  The EISO before that was the incident commander for an urgent investigation of arsenic exposure in a neighborhood that sat on the former site of a lumber treatment facility that improperly disposed of chemicals used in processing. 

Recently, we became aware of cases of pneumoconiosis (Coal Miner’s Black Lung Disease) in a couple who lived near a coal processing plant but never worked in the coal industry.  Gathering information from hospital in- and out-patient data, and potentially conducting community health assessments could be used to investigate this issue to see if it is more pervasive than realized, especially in light of the potential for misdiagnosis of pneumoconiosis in those without the obvious risk factor of working in the coal mining industry.

Another area where primary data collection would be useful involves assessing implementation and barriers to vaccination administration in healthcare workers in long-term care facilities where COVID-19 vaccination has lagged. This could assist in future responses.



Opportunities to collaborate with public health partners:

Please describe opportunities for activities, projects, or investigations that involve collaboration with public health partners (e.g., local, state, or international partners, universities, NGOs). Include a description of the nature of the collaboration, the EISO’s potential role, and the potential for the EISO to travel to interact on-site with public health partners. Examples of collaborative activities include providing training to a local health department, serving on a multiagency committee, or providing technical assistance to grantees. If officers will primarily interact with public health partners through field investigations, you can just state that here.



The total word count for this field cannot exceed 250 words.



Kentucky historically offers EISOs opportunities to collaborate with other public health partners.  The current EISO has collaborated with the KY Office of the Inspector General, local health departments, long-term care facilities, hospitals, and laboratories, as well as participating in COVID-19 healthcare and public health webinars where she has presented data on the COVID-19 pandemic and response to healthcare and public health providers multiple times.  Previous EISO’s have worked with other state health departments (Ohio, Indiana, Tennessee), local health departments in other states, other federal agencies (e.g., FDA and Bureau of Prisons in an E. coli investigation, the National Transportation Safety Board (NTSB) in the pipeline explosion response), universities via teaching opportunities, training of local health department staff in different topics, and CDC offices frequently (e.g., the Division of Healthcare Quality Promotion (DHQP), National Immunization Program (NIP), National Center for Environmental Health (NCEH), Agency for Toxic Substances and Disease Registry (ATSDR), National Center for Infectious Disease (NCID)).  Kentucky is a state that regularly requests Epi-Aid assistance, bringing EIS officers to the state to assist in investigations, giving the KY EISO the opportunity to lead, co-lead, and participate in official CDC field investigations with their EIS colleagues.  We also encourage our EISO’s to pursue international assignments with CDC; most of Kentucky’s EISO’s since 2004 have done at least one international detail.







Proposed Surveillance Project:

Briefly describe the surveillance evaluation that contributes to the assessment of a surveillance system of local, state, national, NGO, or international significance in order to meet the surveillance evaluation CAL. The description should include information on how the surveillance evaluation project will involve secondary (desk-based) and site visits/field evaluation of a surveillance system.



The total word count for this field cannot exceed 250 words.



[bookmark: _Hlk81306658]Many possibilities are available and are only limited by the EISO’s interest.  Here are two examples:

Infectious disease outcomes of injection drug use, such as endocarditis, are not currently reportable conditions in Kentucky.  Evaluation of the need and capacity to conduct surveillance on these conditions and implementation of a surveillance system would greatly assist the state, given the high, and increasing, prevalence of illicit drug use and drug overdose mortality.  Hospitalization data can be analyzed to understand background rates of these outcomes and assessment of the utility and burden of reporting can help inform the Kentucky Department for Public Health if developing a surveillance program would be indicated.  There is a possibility of changing legislation to require reporting of some of these associated conditions should that be shown advisable in a surveillance evaluation such as this.

The extensively drug-resistant organism (XDRO) registry that Kentucky has established is in its beginning stages, electronically collecting data on patients with carbapenem-resistant Enterobacteriaceae (CRE). Evaluation of this system now, to inform improvements and expansion the data collected to include other XDRO’s, is vital, as well as working to identify areas that can be built upon for other organisms and improved for CRE.  The key capability of this surveillance system is to be able to alert facilities for all incoming patients to any past history of an XDRO so that patients can be managed with proper infection prevention precautions from admission to prevent spread of HAI’s.










Proposed Initial Project(s):

Thinking about the proposed analytic, surveillance, and field investigation projects listed above, list the project(s) that the officer can expect to start within the first month in the assignment.



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81427414][bookmark: _Hlk81426407]Either of the proposed surveillance projects are available for the EISO to begin immediately.  Other surveillance evaluation opportunities may arise at that time as well.  Additional assignments, including the analytic projects listed above, as well as engaging actively in understanding, participating in and likely leading one or more aspects of the ongoing COVID-19 response in Kentucky, as the current EISO, Dr. Alyson Cavanaugh has done, is also possible. Typically, incoming EIS Officers are able to jump into a current public health response event, as these seem to be continuously arising, as well as engage in longer-term projects like the above.









Describe the breadth of work that the officer will experience:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307233]The EISO will have a wide range of opportunities at KDPH, limited only by their time, energy, and interests. The officer can expect to work across different disciplines, including epidemiologic, clinical laboratory, environmental and others. Typical EIS experiences: participating in/leading epidemiologic investigations; developing public health policy initiatives; participating in international responses; working on national disease responses (recent EIS deployments from Kentucky: Southern Border Crisis, Ebola in W. Africa, Chief Medical Officer Detail to Yosemite National Park). We support an officer’s participation in international Epi-Aids.











Position Strengths:



The total word count for this field cannot exceed 100 words.



Kentucky offers a maximum of opportunity, great supervision from experienced professionals across many disciplines, and includes technical, publishing and leadership opportunities. Ample collaboration and supervision exist through primary and secondary supervisors and consulting epidemiologists. The EISO has ready access to State Epidemiologist, State PH Veterinarian, infectious disease experts and academic expertise.  Being a state health department site, the public health opportunities are only limited by the EISO’s interests. We encourage development of projects in any area of interest, such as injury, environmental health, maternal and child health, women’s health, chronic diseases, health equity, social determinants of health, etc.





Describe the data that the position owns and is readily available for the officer:









The total word count for this field cannot exceed 100 words.



Available data sources include national and statewide reportable disease surveillance systems, Kentucky’s

statewide immunization registry, vital records, behavioral risk factor surveillance system, cancer registry,

hospital discharge data, injury and substance use data, and the Kentucky Health Information Exchange.  KDPH is in the process of implementing electronic case reporting to pull case demographic, risk factor and clinical data electronically from hospital electronic health and laboratory records to create case reports in the National Electronic Disease Surveillance System (NEDSS), making case reporting more efficient and closer to real-time.  COVID-19 surveillance, mortality, breakthrough, reinfections, variant and vaccination data are available.











Describe the staff and resources available:



The total word count for this field cannot exceed 100 words.



State Epidemiologist (PhD), Deputy State Epidemiologist/CDC CEFO (PhD), CDC Medical Officer (MD, PhD), KDPH Chief Nurse Officer (DNP), Deputy Commissioner (MD), HIV/AIDS Director (MD, MPH), Immunization Branch Manager (DNP), Immunizations Communications Specialist (DNP), several experienced, MPH-level lead epidemiologists, and approximately 40 state and 17 Regional Epidemiologists will provide expertise and support. The state laboratory works closely with the Division of Epidemiology and Health Planning. Collaboration occurs with all Department for Public Health divisions and local health departments, the Kentucky Cancer Registry, Kentucky Injury Prevention and Research Center, all state universities, the Kentucky Hospital Association, and 120 Kentucky hospitals.





Special skills useful for this position:









The total word count for this field cannot exceed 100 words.



The ability to operate autonomously is a benefit, as is the ability to function in an urgent response environment, both in an emergency operations center or in the field. A portion of the officer’s duties will likely involve field investigations or work outside KDPH; flexibility for in-state travel is advantageous. Good quantitative skills are very helpful but there is lots of opportunity for analytic learning and support. Many activities will likely involve infectious diseases, so clinical knowledge is helpful, but not critical.  KY has had very successful placements with all EIS disciplines.











Recent Publications:

List citations of recent publications from the primary supervisor, secondary supervisor(s), or related group.



The total word count for this field cannot exceed 100 words.





[bookmark: _Hlk81430153]van Staaden, Hendricks Spicer, et al.  Bacteraemia and antibiotic sensitivity in a tertiary neonatal intensive care unit.  Southern African Journal of Infectious Diseases 2021.



Hofmeister, Xing, Thoroughman, et al. Factors associated with hepatitis A mortality during person‐to‐person outbreaks: A matched case‐control study–United States, 2016–2019. Hepatology 2020.



Varela, Scott, Thoroughman, et al. Primary Indicators to Systematically Monitor COVID-19 Mitigation and Response — Kentucky, May 19–July 15, 2020. MMWR 2020.



Arons, Hatfield, Spicer, et al. Presymptomatic SARS-CoV-2 Infections and Transmission in a Skilled Nursing Facility.  New England Journal of Medicine 2020.













Officer Publications:  

List citations of current or recent EIS officer publications assigned to this host site, if any.



The total word count for this field cannot exceed 200 words.



[bookmark: _Hlk81309492][bookmark: _Hlk81429000]Cavanaugh (EISO), Thoroughman, Spicer, Winter, et al. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR 2021.



Cavanaugh (EISO), Thoroughman, Spicer, et al. COVID-19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled Nursing Facility After Vaccination Program — Kentucky, March 2021. MMWR 2021.



Cavanaugh (EISO), Spicer, Thoroughman, et al. Suspected Recurrent SARS-CoV-2 Infections Among Residents of a Skilled Nursing Facility During a Second COVID-19 Outbreak — Kentucky, July–November 2020, MMWR 2021.



Blau (EISO), Spicer, Thoroughman, et al. Mycobacterium porcinum Skin and Soft Tissue Infections After Vaccinations — Kentucky, Ohio, and Indiana, September 2018–February 2019. MMWR (accepted for publication August 2021)



Bui, Kukielka, Blau (EISO), Tompkins, Thoroughman, et al. The occupational health effects of responding to a natural gas pipeline explosion among emergency first responders — Lincoln County, Kentucky, 2019" for publication in Disaster Medicine and Public Health Preparedness, (In Press)



Yaffee (EISO), Roser, Daniels, et al. Verona Integron-Encoded Metallo-Beta-Lactamase–Producing Carbapenem-Resistant Enterobacteriaceae in a Neonatal and Adult Intensive Care Unit — Kentucky, 2015. MMWR 2016.



Russell (EISO), Zheteyeva (EISO), Thoroughman, et al.  Effect of 4-Day School District Closure on Influenza-Like Illness Rates Among Students and Household Members — Kentucky, 2013. Online J Public Health Inform 2014.











Specify the percentage of travel that your assignment will provide for the officer. Do not include travel that the EIS Program might provide through Epi-Aids, deployments, etc.



Domestic Travel:   15 % 

International Travel:   5 %













Consultant(s):

For each consultant, list name, current title, degrees, if EIS alumni (yes/no) and year of EIS (if yes).

		Name

		Current Title

		Degree(s)

		EIS Alumni?

		Year of EIS



		Kelly Giesbrecht

		State PH Veterinarian

		DVM, MPH

		NO

		



		Andrea Flinchum

		HAI Section Mgr.

		MPH, BSN, RN, CIC, FAPIC

		NO

		



		Tisha Johnson

		HIV/AIDS Program Director

		MD, MPH FACPM

		NO

		



		Emily Messerli

		Immunizations Branch Manager

		DNP, APRN, 

FNP-C

		NO

		



		Sara Robeson

		Epidemiologist III – Epidemiology and Health Planning

		MPH

		NO

		



		Tracy Jewell

		Epidemiologist III – Maternal & Child Health

		MPH

		NO

		



		Amanda Wilburn

		Epidemiologist III – Viral Hep Section Mgr.

		MPH

		NO

		



		Connie White

		Sr. Deputy Commissioner

		MD

		NO

		



		Ruth Willard

		Chief Nurse Officer

		DNP, MBA, 

RN-BC

		NO

		



		Steven Stack

		Commissioner

		MD, MBA, FACEP

		NO

		













Current/Recent EISOs:

For each EISO, list name, current title, degrees, and year of EIS.

		[bookmark: _Hlk81432348]Name

		Current Title

		Degree(s)

		Year of EIS



		Alyson Cavanaugh

		EISO - KY

		DPT, PhD, MPH

		2020



		

Erin Blau

		Nurse Epidemiologist, CDC Preventive Med Res.

		

DNP, MPH RN

		

2018



		Anna Yaffee

		ED Physician/Ebola Preparedness Coordinator, Emory Hospital

		MD, MPH

		2015

















[bookmark: _GoBack]









Variables only available for non-Atlanta assignments



The total combined word count for these fields cannot exceed 150 words. 



[bookmark: _Hlk81432811]Size of Community: Frankfort, Kentucky's capital, has a population of approximately 28,000. Louisville (50

miles west) has a population of 767,000; Lexington (22 miles east) has 323,000. Kentucky’s population is about 4.5 million.



University Affiliation: KDPH enjoys close public health collaboration with area universities including

Universities of Kentucky, Louisville, Eastern Kentucky, Western Kentucky, and Northern Kentucky. Adjunct

faculty appointments are possible.



Living Environment: Pleasant rural, suburban or urban (Louisville or Lexington) living environments are

available. Central Kentucky is a low cost-of-living, family-friendly environment.



Cultural and Recreational Assets: Situated in the heart of the Bluegrass, Kentucky's horse country, Frankfort

provides a central location where you can enjoy abundant outdoor activities, and the cultural, social, and

entertainment opportunities of Kentucky's largest cities, Louisville and Lexington, which are both within short

drives.

Opportunity for Partners’ Employment: Ample opportunities. The Bluegrass Region has low unemployment rates (<5%) and opportunities range across the board.
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Class of 2022 EIS Prematch Host Site Application



[bookmark: _Toc410395384]Class of 2022 EIS Prematch Host Site Application

Instructions for each field are in the box preceding the field. 

Please pay close attention to, and respect, the word count limitations. 

 Please type your text where the blue “type here” text is located. 

Please do not attempt to type your text into the box surrounding the instructions. 





Prematch is intended to fill hard to match sites that otherwise offer high quality supervision and projects and often reflect a particular agency need. Hard to match sites include assignments that have recruited in recent match cycles with no resultant match, or sites that typically receive low numbers of interviews at conference. Considering the above, please describe why your assignment should be considered for the prematch.



The total word count for this field cannot exceed 200 words. 



Kentucky provides a dynamic and experiential environment for EISOs to learn about applied field epidemiology. Supervision, long a strength of this placement (EIS-trained CDC Career Epidemiology Field Officer as primary, and state-based infectious disease physicians as secondary supervisors), has grown stronger recently with the addition of a PhD epidemiologist State Epi (Dr. Kathleen Winter), a CDC infectious disease epidemiologist (Dr. Kevin Spicer), an ER physician Commissioner (Dr. Steven Stack), a preventive medicine-trained physician HIV/AIDS Director (Dr. Tisha Johnson), and several other new doctoral level staff. Doug Thoroughman, the primary supervisor, has over 25 years’ experience in public health and 15 years as a primary EISO supervisor. Kentucky ranks poorly on most national health and public health measures; the socioeconomic status of the population leads to an abundance of poor public health outcomes. KDPH has a cohesive health department allowing the EISO to be involved in any area of public health.  EISO’s are encouraged to engage in urgent public health responses, both in and outside of Kentucky, including international assignments. Despite being a great field site, KDPH has never matched successfully through the regular process since the class of 1995, which was attempted unsuccessfully in 2017 and 2014 most recently.





Every assignment must identify one Primary Supervisor and at least one Secondary Supervisor (two Secondary Supervisors and multiple consultants are allowed) who want to supervise an EIS officer. The Primary Supervisor must be an epidemiologist with at least two years of epidemiology experience; if an EIS alumnus, the Primary Supervisor must have at least two years of epidemiology experience after completion of EIS; the 1st Secondary Supervisor must also meet the Primary Supervisor criteria.



Primary Supervisor (name):  Dr. Doug Thoroughman 

· [bookmark: _Hlk79407616]Title: Career Epidemiology Field Officer/KY Deputy State Epidemiologist

· Full time employee?      X    Yes ____No  

· Degrees:      PhD, MS	

· [bookmark: _Hlk81286830]EIS Alum?      X    Yes ____No    If yes, year?    1996	  

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 8

· How many years as EIS primary supervisor? 15

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: PHAP (1), CSTE AEF (3), CSTE APHIF (1), CSTE HSIP Fellow (12), CSTE IFA (1), multiple MPH and PhD practicum students assigned to KDPH 







1st Secondary Supervisor (name): Dr. Kathleen Winter

· Title: KY State Epidemiologist, Director, Division of Epidemiology and Health Planning

· Full time employee?     X    Yes ____No  

· Degrees:      PhD, MPH		

· EIS Alum?  ____Yes     X    No    If yes, year? 

· Ever supervised an EISO?  ____Yes     X    No    If yes: 

· Number of EIS officers supervised: 0

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 0

· Last year supervised an EISO: N/A

· Other fellows supervised: No fellow supervision but have supervisee a number of other staff, including epidemiologists, nurses, support staff in previous position and supervision Division of Epidemiology currently



2nd Secondary Supervisor (name): Dr. Kevin Spicer

· Title: CDC Medical Officer assigned to Kentucky’s Healthcare Associated Infections Program

· Full time employee?      X    Yes ____No  

· Degrees:      MD, PhD, MPH	

· EIS Alum?  _____Yes        X    No    If yes, year? 

· Ever supervised an EISO?       X    Yes ____No    If yes: 

· Number of EIS officers supervised: 1

· How many years as EIS primary supervisor? 0

· How many years as EIS secondary supervisor? 1

· Last year supervised an EISO: 2021 (currently supervising 2020 EISO)

· Other fellows supervised: Served as clinical supervisor for pediatric infectious disease fellows and residents







Briefly describe the current/recent EIS officer projects:



The total word count for this field cannot exceed 50 words. 



Dr. Cavanaugh has focused COVID-19 response activities, including leading Kentucky’s breakthrough case surveillance, reinfection surveillance, and variant strain surveillance, and contributing to ongoing data processing, including reports for the Commissioner’s and Governor’s Offices and public website posting, and a COVID-19 Key Points document produced distributed statewide to public health partners.



















Background: 

Describe the mission, goals, and focus of the work where the position is based.



The total word count for this field cannot exceed 200 words. 



Kentucky’s Division of Epidemiology and Health Planning is responsible for the control of communicable disease, disease surveillance and investigation, increasing the population’s immunization coverage, injury prevention and research, vital statistics and health data. Our goal is to continuously improve the capability of our programs to accomplish those responsibilities, through better detection of diseases and conditions of public health concern, more effective investigation of causes and risk factors, promotion of evidence-based prevention methods, and use of what is learned to prevent spread of disease and other negative public health outcomes. In recent years, KDPH has greatly improved its capability to detect outbreaks of reportable diseases

and other health outcomes and is expanding its capability to investigate these events and provide solid public health recommendations to reduce further transmission of disease or promulgation of risky behaviors and activities that result in illness and death. The Division of Epidemiology works closely with the Division of Laboratory Services, Environmental Health, Adult and Child Health, Chronic Disease, Women’s Health, and the Office of Health Equity at KDPH and with the Kentucky Injury Prevention and Research Center (KIPRC) at the University of Kentucky, to prosecute its mission and goals.





Proposed Analytic Projects:

Briefly describe the types of analytic project(s) that the officer can expect to conduct. Describe how the projects will move beyond descriptive epidemiology and into analytic epidemiology (e.g., multivariate modeling, time-series modeling, analyses of effect modification), and if the protocols have been developed (EISOs should not spend a substantial amount of time developing protocols).



The total word count for this field cannot exceed 250 words.



Epidemiologic analysis of STD data to examine rising rates of congenital syphilis. Disease investigation specialists (DIS) investigate STD cases in depth and collect data on risk factors. This data can be characterized descriptively as well as analyzed for important risk factor associations, such as gender, sexual orientation, age, geography, prenatal care, and other risk factors.

Kentucky has detailed data on COVID-19 hospitalizations and deaths, vaccination history, comorbidities for those who have died, and genetic sequencing results for a robust sample of cases.  Analysis of these data to illuminate particular risk factors for mortality involving clinical course, COVID strain, vaccination status, and comorbidities is something that will be useful as the pandemic progresses.

Hepatitis C is the largest infectious disease threat in Kentucky due to high rates of injection drug use. Kentucky enacted legislation requiring testing of all pregnant women.  Linking HCV testing data to birth registry data and comparing to hepatitis B testing could illuminate whether this requirement has been effective in identifying new cases of HCV in women of childbearing age and risks to newborns.

Legionellosis: Cases of Legionella are increasing each year in Kentucky: CDC is encouraging states to conduct more complete investigations and to recommend control measures. A thorough retrospective analysis of cases to date to look at primary risk factors, where to focus active prevention efforts (e.g., implementing water management plans), and what outbreak interventions are most effective would be useful. This would entail multivariate analysis including control of confounding and inclusion of interaction terms.

Opportunities for primary data collection to fulfill the Field Investigation CAL:

Please describe projects or investigations with primary data collection opportunities that will fulfill the field investigation CAL. Requirements of the field investigation CAL: collect original data (e.g., interviews or chart reviews); work with state, local, tribal, international, or NGO partners; and commit at least 10 working days to the project (including planning, field work, data collection, data analysis, and follow-up). If there are not opportunities within the assignment to fulfill the CAL, please state that you support EISOs participating in Epi-Aids and emergency response deployments and give examples of how previous EISOs in your group have fulfilled the Field Investigation CAL.



The total word count for this field cannot exceed 250 words.





Ad hoc investigations are very likely to fill this Field Investigation CAL. For example, the current EISO has initiated primary data collection in a nursing home outbreak of COVID-19 post vaccination and for deeper investigation of breakthrough cases of COVID. The previous EISO led a two-state investigation of a large-scale HIV cluster in people who inject drugs (PWID) in Kentucky and Ohio, a vaccine reaction investigation associated with a non-medically trained vaccination provider, as well as assisting in primary data collection in a pipeline explosion investigation and community and first responder health impact assessment.  The EISO before that was the incident commander for an urgent investigation of arsenic exposure in a neighborhood that sat on the former site of a lumber treatment facility that improperly disposed of chemicals used in processing. 

Recently, we became aware of cases of pneumoconiosis (Coal Miner’s Black Lung Disease) in a couple who lived near a coal processing plant but never worked in the coal industry.  Gathering information from hospital in- and out-patient data, and potentially conducting community health assessments could be used to investigate this issue to see if it is more pervasive than realized, especially in light of the potential for misdiagnosis of pneumoconiosis in those without the obvious risk factor of working in the coal mining industry.

Another area where primary data collection would be useful involves assessing implementation and barriers to vaccination administration in healthcare workers in long-term care facilities where COVID-19 vaccination has lagged. This could assist in future responses.



Opportunities to collaborate with public health partners:

Please describe opportunities for activities, projects, or investigations that involve collaboration with public health partners (e.g., local, state, or international partners, universities, NGOs). Include a description of the nature of the collaboration, the EISO’s potential role, and the potential for the EISO to travel to interact on-site with public health partners. Examples of collaborative activities include providing training to a local health department, serving on a multiagency committee, or providing technical assistance to grantees. If officers will primarily interact with public health partners through field investigations, you can just state that here.



The total word count for this field cannot exceed 250 words.



Kentucky historically offers EISOs opportunities to collaborate with other public health partners.  The current EISO has collaborated with the KY Office of the Inspector General, local health departments, long-term care facilities, hospitals, and laboratories, as well as participating in COVID-19 healthcare and public health webinars where she has presented data on the COVID-19 pandemic and response to healthcare and public health providers multiple times.  Previous EISO’s have worked with other state health departments (Ohio, Indiana, Tennessee), local health departments in other states, other federal agencies (e.g., FDA and Bureau of Prisons in an E. coli investigation, the National Transportation Safety Board (NTSB) in the pipeline explosion response), universities via teaching opportunities, training of local health department staff in different topics, and CDC offices frequently (e.g., the Division of Healthcare Quality Promotion (DHQP), National Immunization Program (NIP), National Center for Environmental Health (NCEH), Agency for Toxic Substances and Disease Registry (ATSDR), National Center for Infectious Disease (NCID)).  Kentucky is a state that regularly requests Epi-Aid assistance, bringing EIS officers to the state to assist in investigations, giving the KY EISO the opportunity to lead, co-lead, and participate in official CDC field investigations with their EIS colleagues.  We also encourage our EISO’s to pursue international assignments with CDC; most of Kentucky’s EISO’s since 2004 have done at least one international detail.







Proposed Surveillance Project:

Briefly describe the surveillance evaluation that contributes to the assessment of a surveillance system of local, state, national, NGO, or international significance in order to meet the surveillance evaluation CAL. The description should include information on how the surveillance evaluation project will involve secondary (desk-based) and site visits/field evaluation of a surveillance system.



The total word count for this field cannot exceed 250 words.



Many possibilities are available and are only limited by the EISO’s interest.  Here are two examples:

The relatively recent outbreak (2019) of vaping-related illnesses and deaths revealed the lack of surveillance in Kentucky for lung-related health outcomes.  Though reporting of cases of pneumoconiosis (Coal-miner’s/ Black Lung disease), asbestosis, and silicosis, are statutorily required, while other lung-injury conditions are not.  Kentucky recently implemented surveillance of vaping-related illness and mortality.  Analysis of this ad hoc surveillance system after two years in service would be useful in developing overall lung injury surveillance. Data could be contrasted to in- and out-patient hospitalization data available through our Health Data and Analytics program.

Kentucky’s HIV Program has been funded by CDC for the Data to Care (D2C) initiative to assist with linkage of HIV patients to appropriate clinical care with the goal of ongoing viral suppression.  This saves the health and lives of HIV-infected individuals as well as reducing the rate of transmission to others.  Evaluation of this system for collecting appropriate data on linkage to care as well as looking further at barriers keeping people from care could serve as an additional surveillance opportunity.










Proposed Initial Project(s):

Thinking about the proposed analytic, surveillance, and field investigation projects listed above, list the project(s) that the officer can expect to start within the first month in the assignment.



The total word count for this field cannot exceed 100 words.



Either of the proposed surveillance projects are available for the EISO to begin immediately.  Other surveillance evaluation opportunities may arise at that time as well.  Additional assignments, including the analytic projects listed above, as well as engaging actively in understanding, participating in and likely leading one or more aspects of the ongoing COVID-19 response in Kentucky, as the current EISO, Dr. Alyson Cavanaugh has done, is also possible.  Typically, incoming EIS Officers are able to jump into a current public health response event, as these seem to be continuously arising, as well as engage in longer-term projects like the above.









Describe the breadth of work that the officer will experience:



The total word count for this field cannot exceed 100 words.



The EISO will have a wide range of opportunities at KDPH, limited only by their time, energy, and interests. The officer can expect to work across different disciplines, including epidemiologic, clinical laboratory, environmental and others. Typical EIS experiences: participating in/leading epidemiologic investigations; developing public health policy initiatives; participating in international responses; working on national disease responses (recent EIS deployments from Kentucky: Southern Border Crisis, Ebola in W. Africa, Chief Medical Officer Detail to Yosemite National Park). We support an officer’s participation in international Epi-Aids.











Position Strengths:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307386]Kentucky offers a maximum of opportunity, great supervision from experienced professionals across many disciplines, and includes technical, publishing and leadership opportunities. Ample collaboration and supervision exist through primary and secondary supervisors and consulting epidemiologists. The EISO has ready access to State Epidemiologist, State PH Veterinarian, infectious disease experts and academic expertise.  Being a state health department site, the public health opportunities are only limited by the EISO’s interests. We encourage development of projects in any area of interest, such as injury, environmental health, maternal and child health, women’s health, chronic diseases, health equity, social determinants of health, etc.





Describe the data that the position owns and is readily available for the officer:









The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81307780]Available data sources include national and statewide reportable disease surveillance systems, Kentucky’s

statewide immunization registry, vital records, behavioral risk factor surveillance system, cancer registry,

hospital discharge data, injury and substance use data, and the Kentucky Health Information Exchange.  KDPH is in the process of implementing electronic case reporting to pull case demographic, risk factor and clinical data electronically from hospital electronic health and laboratory records to create case reports in the National Electronic Disease Surveillance System (NEDSS), making case reporting more efficient and closer to real-time.  COVID-19 surveillance, mortality, breakthrough, reinfections, variant and vaccination data are available.











Describe the staff and resources available:



The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81308261]State Epidemiologist (PhD), Deputy State Epidemiologist/CDC CEFO (PhD), CDC Medical Officer (MD, PhD), KDPH Chief Nurse Officer (DNP), Deputy Commissioner (MD), HIV/AIDS Director (MD, MPH), Immunization Branch Manager (DNP), Immunizations Communications Specialist (DNP), several experienced, MPH-level lead epidemiologists, and approximately 40 state and 17 Regional Epidemiologists will provide expertise and support. The state laboratory works closely with the Division of Epidemiology and Health Planning. Collaboration occurs with all Department for Public Health divisions and local health departments, the Kentucky Cancer Registry, Kentucky Injury Prevention and Research Center, all state universities, the Kentucky Hospital Association, and 120 Kentucky hospitals.





Special skills useful for this position:









The total word count for this field cannot exceed 100 words.



[bookmark: _Hlk81308473]The ability to operate autonomously is a benefit, as is the ability to function in an urgent response environment, both in an emergency operations center or in the field. A portion of the officer’s duties will likely involve field investigations or work outside KDPH; flexibility for in-state travel is advantageous. Good quantitative skills are very helpful but there is lots of opportunity for analytic learning and support. Many activities will likely involve infectious diseases, so clinical knowledge is helpful, but not critical.  KY has had very successful placements with all EIS disciplines.











Recent Publications:

List citations of recent publications from the primary supervisor, secondary supervisor(s), or related group.



The total word count for this field cannot exceed 100 words.



Bellamy, Sanderson, Winter, et al.  Prevalence of alpha-gal sensitization among Kentucky timber harvesters and forestry and wildlife practitioners. Journal of Allergy and Clinical Immunology: In Practice (In press).

Hofmeister, Xing, Thoroughman, et al. Factors associated with hepatitis A mortality during person‐to‐person outbreaks: A matched case‐control study–United States, 2016–2019. Hepatology 2020.



[bookmark: _GoBack]Winter, Adekunle, Harp, et al. Assessing Hepatitis C among perinatal women undergoing treatment for opioid use disorder in Kentucky. Obstetrics & Gynecology: 2020.



Varela, Scott, Thoroughman, et al. Primary Indicators to Systematically Monitor COVID-19 Mitigation and Response — Kentucky, May 19–July 15, 2020. MMWR 2020.













Officer Publications:  

List citations of current or recent EIS officer publications assigned to this host site, if any.



The total word count for this field cannot exceed 200 words.



[bookmark: _Hlk81309492]Cavanaugh (EISO), Spicer, Winter, et al. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR 2021.



Cavanaugh (EISO), Thoroughman, Spicer, et al. COVID-19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled Nursing Facility After Vaccination Program — Kentucky, March 2021. MMWR 2021.



Cavanaugh (EISO), Spicer, Thoroughman, et al. Suspected Recurrent SARS-CoV-2 Infections Among Residents of a Skilled Nursing Facility During a Second COVID-19 Outbreak — Kentucky, July–November 2020, MMWR 2021.



Blau (EISO), Spicer, Thoroughman, et al. Mycobacterium porcinum Skin and Soft Tissue Infections After Vaccinations — Kentucky, Ohio, and Indiana, September 2018–February 2019. MMWR (accepted for publication August 2021)



Bui, Kukielka, Blau (EISO), et al. The occupational health effects of responding to a natural gas pipeline explosion among emergency first responders — Lincoln County, Kentucky, 2019" for publication in Disaster Medicine and Public Health Preparedness, (In Press)



Yaffee (EISO), Roser, Daniels, et al. Verona Integron-Encoded Metallo-Beta-Lactamase–Producing Carbapenem-Resistant Enterobacteriaceae in a Neonatal and Adult Intensive Care Unit — Kentucky, 2015. MMWR 2016.



Russell (EISO), Zheteyeva (EISO), Thoroughman, et al.  Effect of 4-Day School District Closure on Influenza-Like Illness Rates Among Students and Household Members — Kentucky, 2013. Online J Public Health Inform 2014.











Specify the percentage of travel that your assignment will provide for the officer. Do not include travel that the EIS Program might provide through Epi-Aids, deployments, etc.



[bookmark: _Hlk81430970]Domestic Travel:   15 % 

International Travel:   5 %







Consultant(s):

For each consultant, list name, current title, degrees, if EIS alumni (yes/no) and year of EIS (if yes).

		Name

		Current Title

		Degree(s)

		EIS Alumni?

		Year of EIS



		Kelly Giesbrecht

		State PH Veterinarian

		DVM, MPH

		NO

		



		Andrea Flinchum

		HAI Section Mgr.

		MPH, BSN, RN, CIC, FAPIC

		NO

		



		Tisha Johnson

		HIV/AIDS Program Director

		MD, MPH FACPM

		NO

		



		Emily Messerli

		Immunizations Branch Manager

		DNP, APRN, 

FNP-C

		NO

		



		Sara Robeson

		Epidemiologist III – Epidemiology and Health Planning

		MPH

		NO

		



		Tracy Jewell

		Epidemiologist III – Maternal & Child Health

		MPH

		NO

		



		Amanda Wilburn

		Epidemiologist III – Viral Hep Section Mgr.

		MPH

		NO

		



		Connie White

		Sr. Deputy Commissioner

		MD

		NO

		



		Ruth Willard

		Chief Nurse Officer

		DNP, MBA, 

RN-BC

		NO

		



		Steven Stack

		Commissioner

		MD, MBA, FACEP

		NO

		













Current/Recent EISOs:

For each EISO, list name, current title, degrees, and year of EIS.

		Name

		Current Title

		Degree(s)

		Year of EIS



		

Alyson Cavanaugh



		

EISO - KY

		

DPT, PhD, MPH

		

2020



		

Erin Blau

		Nurse Epidemiologist, CDC Preventive Med Res.

		

DNP, MPH RN

		

2018



		Anna Yaffee

		ED Physician/Ebola Preparedness Coordinator, Emory Hospital

		MD, MPH

		2015

























Variables only available for non-Atlanta assignments



The total combined word count for these fields cannot exceed 150 words. 



Size of Community: Frankfort, Kentucky's capital, has a population of approximately 28,000. Louisville (50

miles west) has a population of 767,000; Lexington (22 miles east) has 323,000. Kentucky’s population is about 4.5 million.



University Affiliation: KDPH enjoys close public health collaboration with area universities including

Universities of Kentucky, Louisville, Eastern Kentucky, Western Kentucky, and Northern Kentucky. Adjunct

faculty appointments are possible.



Living Environment: Pleasant rural, suburban or urban (Louisville or Lexington) living environments are

available. Central Kentucky is a low cost-of-living, family-friendly environment.



Cultural and Recreational Assets: Situated in the heart of the Bluegrass, Kentucky's horse country, Frankfort

provides a central location where you can enjoy abundant outdoor activities, and the cultural, social, and

entertainment opportunities of Kentucky's largest cities, Louisville and Lexington, which are both within short

drives.

Opportunity for Partners’ Employment: Ample opportunities. The Bluegrass Region has low unemployment rates (<5%) and opportunities range across the board.
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Kathleen Winter, PhD, MPH

State Epidemiologist

Director, Division of Epidemiology and Health Planning

Kentucky Department for Public Health

275 East Main Street

Frankfort, KY  40621

Desk: 502-564-3418 ext. 4310

Cell: 502-892-9895
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From: Thoroughman, Douglas (CHFS DPH)
To: Alexander, Kelly N (CHFS DPH)
Cc: Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: 22-00035-FOIA: Request for Documents
Date: Wednesday, October 20, 2021 3:51:24 PM
Attachments: Request for underlying Data regarding report in MMWR _ August 13, 2021 _ Vol. 70 _ No. 32.pdf

FOIA Response Form.pdf

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hello, Kelly,
 
Alyson received, through CDC, a FOIA request asking CDC to provide the underlying data for the
MMWR article on risk of reinfection comparing vaccinated to unvaccinated individuals.  This is
probably something that will need to go to legal.  Alyson can provide a dataset with deidentified
data, and hopefully she can do it in a way that protects us against HIPAA violations.  My biggest
concern is that the person requesting doesn’t seem to know a lot about testing for COVID-19 and so
I would say that there is a high potential for mis-use of this data. But I don’t know that we have a call
in that.
 
Let us know what next steps are.
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Wednesday, October 20, 2021 3:01 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Beavers, Suzanne (CDC/DDPHSS/CSELS/DSEPD) <fgx5@cdc.gov>
Subject: FW: 22-00035-FOIA: Request for Documents
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.
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From: Perrier, Daniel
To: FOIA Requests (CDC)
Subject: Request for underlying Data regarding report in MMWR / August 13, 2021 / Vol. 70 / No. 32
Date: Monday, October 4, 2021 6:35:30 PM


Hi,


I hope that this email finds you well.


I have been reviewing the recent report entitled "Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 
Vaccination — Kentucky, May–June 202" which appeared in the publication MMWR on August 13, 2021.  This 
publication is cited by the CDC as a reason that people who have recovered from Covid and possess antigens against 
the virus need to be vaccinated.  This report does not agree with any number of studies that show that natural 
immunity is effective and durable. 


The report states:
"Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System 
(NEDSS) during March–December 2020 were eligible for inclusion."


With regards to this FOIA request, please provide all background data used in the report including but not limited to:
    What is the breakdown between the confirmed cases using the NAAT technique vs the antigen test results?
    What was the cycle threshold for the NAAT confirmed tests?
    Which antigens were present in the confirmed group?
    What was the illness breakdown for the NAAT vs antigen positive groups?


Thanks for your attention in this matter.
--


Regards,


Dan Perrier, P.E.
President
Automated Control Systems, Inc.          
4400 NE 77th Ave
Suite 275
Vancouver, WA 98662


phone (360) 737-6654 ext 205
fax    (360) 737-6673


dan-perrier@automation-software.com
www.automation-software.com



mailto:dan-perrier@automation-software.com

mailto:foiarequests@cdc.gov
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CDC FOIA Response Sheet
* indicates required field


*FOIA Request #: Date:


*A. Records search outcome:
I have searched and found no records.  If selected, fill out section C
I have searched and found records. I have no concerns with release. If selected, fill out section C
 I have searched and found records. I have the following concerns with release.  
If selected, enter concerns below, then fill out sections B and C.  (Additional space for comments on page 2.)  


B. Records contain the following: (select all that apply)
Records contain Personally Identifiable Information(PII)
Records covered by an Assurance of Confidentiality (Please provide a copy)
Records containing commercial/financial/proprietary information
Records contain communications with OGC
Records include predecisional and deliberative communications
Records contain animal lab/select agency information
Records contain information originating from another Agency


*C.  Check each system of files or records which was searched.
For each system selected, describe how the search was conducted


Outlook (email, Skype/Teams, calendar):  


Sharepoint:  


Shared drive: 


Phone/App:  


Other:  


D. Search Details:
Who conducted the search?


Grade: GS 1– 8 GS 9 –14 GS 15+ *How long did the search take?


Respondee Signature:







CDC 0.632R    CS323708_B    08/11/2021   


ADDITIONAL SPACE FOR COMMENTS





		FOIA Request Number: 

		Date: 

		Radio Button 1: Off

		Concerns: 

		Concern 1: Off

		Concern 2: Off

		Concern 3: Off

		Concern 4: Off

		Concern 5: Off

		Concern 6: Off

		Concern 7: Off

		Outlook: Off

		outlook describe: 

		Sharepoint: Off

		sharepoint describe: 

		Shared drive: Off

		shared drive describe: 

		Phone/App: Off

		phone/app describe: 

		Other: Off

		other describe: 

		Who Search: 

		Grade: Off

		How Long: 

		Additional space: 







 
 

From: Macomber, Jonathan (CDC/DDPHSS/CSELS/OD) <qxf1@cdc.gov> 
Sent: Wednesday, October 20, 2021 2:55 PM
To: Rutledge, Terisa (CDC/DDPHSS/CSELS/OD) <txr7@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Henry, Roberto (CDC/DDPHSS/CSELS/OD) <ypj7@cdc.gov>; Macomber, Jonathan
(CDC/DDPHSS/CSELS/OD) <qxf1@cdc.gov>
Subject: 22-00035-FOIA: Request for Documents
 
Good Afternoon All,
Below please find an incoming FOIA request regarding this MMW article. The requestor has asked
for CDC to: “Please provide the agency records of the background data related to the study upon
which the paper in question was based upon.” Please provide a response to this request by COB
Friday 10/29, thank you!
Please note: The FOIA office has informed me the attached original request is for background only,
the requestor has limited the scope of their inquiry to just the highlighted question above.
 
Best,
Jon Macomber, MPA
Public Health Analyst (Policy & Issue MGT)
CSELS | CDC
M: 337-238-8129
E: jmacomber@cdc.gov
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From: Parry, Carolyn (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH); Berryman, Misty; Gaither, Melanie L (CHFS DPH DEHP); Gillion, Grant T (CHFS

DPH DPHPS); Gillis, Rebecca L (CHFS DPH EPB); Herrington, Amy (CHFS DPH DEHP); Higgins, Sue; Hume,
Robbie (CHFS DPH DPHPS); Johnson, Rick D (CHFS DPH DPHPS); Kik, Angela M (CHFS DPH DPHPS); Miracle,
Julie (CHFS DPH); Michele Pinkston; Robeson, Sara (CHFS DPH); Sanders, Kimberly (CHFS DPH DEHP); Taylor,
Ida (CHFS DPH); White, Connie (CHFS DPH); Wible, Sarah C (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH
DEHP)

Subject: FW: AIM COVID Update 8/7/2021
Date: Monday, August 9, 2021 8:02:05 AM
Attachments: CDC TEMPLATE_Incentive Plan.docx

CDC Incentives FAQs final_updated_30July2021.pdf
CDC Incentives with Immunization Funding_7.30.2021.pdf
image005.png
image006.png
image007.png
image008.png

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

 
 

From: Claire Hannan <CHannan@Immunizationmanagers.org> 
Sent: Sunday, August 8, 2021 10:00 PM
To: Claire Hannan <CHannan@Immunizationmanagers.org>
Subject: AIM COVID Update 8/7/2021
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

AIM members –
 
It was great seeing a few of you at the AIRA conference, plus immunization program and IIS staff
from many awardee jurisdictions.  Great discussion of successes and challenges for IIS in the
pandemic, and brainstorming for the future.  We will be working with AIRA to share the highlights
with you in the near future.  Also a lot of activity this week to continue to increase COVID
vaccination progress.   
 
ACTION REQUESTED – GET INVOLVED!

●      AIM SITUATIONAL AWARENESS SURVEY: Complete Survey Here. Covers nursing
homes, feedback on vaccine manufacturer resources, etc.

●      Please share any materials you may have related to school-located vaccination.  Letters to
parents or providers, flyers, consent forms, work plans, MOUs, school contacts…. Send to
Emily Less at emilyless@gmail.com.

●      Participate in a Virtual Roundtable on School-Located Vaccination Clinics: AIM is
collaborating with the National Association of School Nurses (NASN) and Mathematica to
support partnerships between IPs and K-12 schools. We are hosting virtual roundtable
conversations with IPs and school nurses to learn more about school-based vaccination
clinics, how these programs are implemented, and the factors and resources that influence
them. RSVP here.

●      Member Assistance Program Focus Group: We are recruiting participants for a virtual
focus group discussion to share how AIM can assist you through our Member Assistance
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COVID-19 Vaccination Incentive Plan 

Instructions: 

· Provide clear, detailed, narrative information responsive to the identified criteria.  There is no word limit; the text box will expand as needed to accommodate the entered text. 

· Plan must be signed (pen or digital) by the Program Manager and agency Authorizing Official.

· Upload completed form into GrantSolutions as a grant note.  

· Project Officer approval must be received prior to implementation, including obligation of funds.  Approval will be uploaded as a grant note into GrantSolutions.



Awardee: Choose an item.                                              Date Submitted: Click or tap to enter a date.                                                 



A. Proposed Incentive (i.e., describe, in detail, what incentive will be provided)

		

























B. Justification (i.e., what is the purpose for the incentive and what is the specific reason for selecting this incentive? What evidence indicates that an incentive is needed, and what evidence suggests that the selected incentive will be effective at achieving the desired result?)

		





















C. Reference to the Jurisdiction’s CDC-approved COVID-19 Workplan (i.e., cite the specific COVID-19 supplemental award workplan activity to which this incentive plan applies) 

		





















D. Anticipated Gains (i.e., explain how providing such an incentive will defray societal costs or have a positive return on investment, including by increasing overall COVID-19 vaccination? Additionally, describe potential unintended negative consequences and how those are outweighed by the benefits) 

		





















E. Defined Amount (e.g., cost per person and total allocated funding for the vaccine recipient incentives). Note that the incentive cap is $25 per person. 

		

























F. Qualifications for Issuance (i.e., what makes a person eligible for the incentive? Does it take into consideration issues related to equity in your community? Does the proposed plan raise any state legal concerns?) 

		























G. Method of Issuance and Tracking (i.e., how will the incentive be delivered? Does the proposed plan and implementation align with any relevant policies and procedures governing your organization (e.g., procurement, ethics, etc.)? How will the budget and supply be tracked?) 

		



























H. Method of Evaluation (i.e., how will the incentive plan be evaluated for effectiveness?) 

		































____________________________________________

Program Manager Signature









____________________________________________

Authorizing Official Signature
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IP19-1901 COVID-19 Supplemental Funding Incentives Policy 
Frequently Asked Questions 


Updated: 30 July 2021 


 


1. Do incentives need to follow the same guidance as COVID supplemental funding in terms of 
percent allocated for equity? 
 


The intended use of incentives is to increase overall vaccination coverage. There is no 
funding mandate to reach certain populations tied specifically to the use of incentives.  
 
Please note, the funding mandates associated with the COVID-19 supplement projects 
remain intact. For example, under “COVID 4,” 60% of the funding must still support local 
communities through local health departments (LHD), community-based organizations 
(CBO), and/or community health centers (CHC); and 75% of “COVID 4” funding must focus 
on activities to ensure equity. 


 
2. Can some of the funds spent on incentives be used from the funds allocated for equity if they 


are spent on underserved populations? 
 


The 60% of the COVID 4 funds that must support local communities through local health 
departments (LHD), community-based organizations (CBO), and/or community health 
centers (CHC) should still go to those entities. Those entities may propose an incentive 
plan, if desired. 


 
3. I know there is a cap per person for the incentives, but is there an overall cap? (UPDATED 


7/30/21) 
 


There is a $100 per person cap for incentives, but no overall threshold for the total amount 
of supplemental funding that can be used.  In crafting plans, please ensure incentive plans 
reflect a reasonable and responsible use of federal funds. 


 
4. Are we required to use the CDC template? 


 
No, you are not required to use the CDC template for your incentive plan, but the plan 
must address the 8 required elements and be signed by the program manager and agency 
Authorizing Official. 


 
5. Is there a page limit to the plan we submit? 
 


No, there is no page limit as long as the 8 required elements are met. 
 
 
 
 
 







6. Can we offer a gift card to the vaccine recipient and enter that person in a raffle? 
 


Raffles, or games of chance, are not a permissible use funds.  A vaccine recipient can 
receive multiple incentives if the combined total cost does not exceed the $100 dollar per 
person value associated with the use of IP19-1901 funds. 


 
7. Can incentives be given retroactively to individuals who have already been vaccinated? 


 
The intent for incentives is to get those currently unvaccinated to become vaccinated. 
Awarding retroactive incentives to those who are already vaccinated is not aligned with the 
purpose of guidance requirements and is not permissible.  
 


8. Can individuals who already received a $25 incentive be retroactively given an incentive under 
the new $100 cap? (NEW 7/30/21) 
 


The $100 incentive per person cap is effective as of July 30, 2021.  Those currently 
unvaccinated against COVID-19 as of July 30, 2021 are eligible to receive the up to $100 
incentive.  Those previously vaccination or in the middle of a vaccination series would not 
be eligible for the new incentive offering. 
 


9. Does CDC want us to submit a plan from each local health department who submits a 
proposal to us, or should we summarize all the proposals in one request to CDC? (UPDATED 
7/30/21) 


 
All plans must be approved by your POB Project Officer. It is recommended that the 
awardee submit one plan for review, rather than individual incentive plans for 
subrecipients (e.g., local health department, community-based organization, etc.). 
 
IP19-1901 recipients are recommended to create a statewide plan with a menu of 
allowable incentives for which local partners may choose from.  This approach, referred to 
as the ‘hybrid plan’, allows CDC to review and approve one overall approach that still 
provides flexibility at the local level to select incentives.  
 
Please follow-up with your POB Project Officer for additional information about the ‘hybrid 
plan’. 


 
10. Can you provide a list of approved incentives (e.g., wristbands, t-shirts, buttons, gift cards, 


etc.)? 
 


A list of generally allowable incentives is being developed and will be distributed to IP19-
1901 recipients. 


 
11. Is there a due date for the incentives plan? 


 
An incentive plan is not required and thus does not have a due date. It may be submitted at 
any time the recipient would like to exercise this option.  


 







12. Does the $100 per person cap apply only to gift cards or to the value of any incentive, or can it 
be an average value? (UPDATED 7/30/21) 


 
The guidance establishes a $100 per person cap that applies to the total value of any 
item(s) given out to an individual. Incentives funds cannot be pooled to create one, or 
limited opportunity, incentive(s). If your program believes there is a reasonably justifiable 
need for an incentive that exceeds the cap, this information should be included in your 
submitted incentive plan. Determination of the appropriateness of this would be made 
during the review of your plan. 


 
13. Does the $100 cap refer to the maximum value per individual or per event (i.e., the 2-dose 


series)? (UPDATED 7/30/21) 
 


The intended purpose of the incentives is to encourage people to become fully vaccinated 
with a COVID-19 vaccine. Therefore, the incentive should be issued to individuals who 
become fully vaccinated due to the incentive (e.g., 2 doses of Pfizer or Moderna, 1 dose of 
Johnson & Johnson, etc.). It would be acceptable to “split” an incentive on a two-dose 
series to ensure individuals return for the second dose or delay distribution of the incentive 
until after the second dose has been administered. The total value of the incentive in these 
cases should still be $100. 
PLEASE NOTE:  Provision of incentives to individuals who were fully vaccinated prior to the 
implementation of the approved incentives plan is not allowable. 


 
14. If an intended geographic population has 1M people with incentive costs at $100 per person, 


can a $100M lottery be offered? (UPDATED 7/30/21) 
 


Lotteries, raffles, or other games of chance are not allowable uses of funds.  
 


15. Would a door raffle of a big-ticket item be allowable, if the total cost of the item was equal to 
$100 per eligible individual within a community? (UPDATED 7/30/21) 


 
Lotteries, raffles, or other games of chance are not allowable uses of funds.  


 
16. Are there established performance measures for the incentives? 


 
No. 


 
17. What does the incentive evaluation need to entail? 


 
There are no specific requirements for the incentive evaluation beyond a description of the 
population(s) being offered the incentive(s) and the type of incentive(s) being offered, with 
provision of quantifiable information as is feasible (e.g., number of incentives 
offered/received, number of persons being offered/receiving incentives, number of 
vaccines being administered in connection with incentives). PLEASE NOTE: CDC strongly 
encourages incentive evaluation plans be prepared.   







The following are examples of other approaches to consider implementing depending on 
feasibility and jurisdiction interest: 


• Assessment of the impact and effectiveness of incentives on COVID-19 vaccination 
decision-making and receipt. This could be done by conducting surveys of either 
persons who have received or been offered incentives or persons who have been 
vaccinated. Questions could assess the relative importance of factors influencing 
vaccination behavior and decision-making, such as the incentive, recommendation 
of healthcare provider, friends/family, the ability to travel or engage in other 
activities without wearing a mask if fully vaccinated. 


• Assessment of incentive-related process measures, such as the administrative 
burden of offering and managing incentives. This could be done via focus groups or 
surveys of involved staff.  


• Cost of providing incentives. This could be done by estimating the total cost of the 
incentives and resources necessary to manage the incentive program, to include 
staff time.  


POB staff are available to provide support for designing and/or implementing an evaluation 
of COVID-19 vaccination incentives. Please reach out to your POB Project Officer for more 
information. 


 
18. Which round of supplemental funding is the incentive funding coming from? 


 
Incentives can be purchased with any of the COVID funding awarded to date except for the 
COVID 4 Addendum (vaccine confidence strategies).  


 
19. Are these incentives restricted to incentivizing COVID-19 vaccination or can they be used for 


any recommended vaccination? 
 


Incentives can only be used for COVID-19 vaccination. 
 
20. Can incentives be used to pay for music at events? 


 
No. Entertainment cost are not an allowable use of funds.  


 
21. Can incentives funds be used to provide food and beverage at a vaccination event? 


 
No. Food and beverages are not an allowable use of federal immunization funding.  
 


22. Is a gift certificate for food the same or different from providing a meal?  
 


Store vouchers or generic gift cards are an allowable incentive including those for grocery 
stores.  
 
 
 







23. My program has contracted “outreach activities” to CBO’s/contractors. Who is responsible for 
the dispensing and tracking of individuals who receive the incentives?  
 


If the awardee has contracted with CBOs or other local organizations to conduct 
vaccination activities, and these organizations wish to provide incentives, their plans must 
adhere to the same requirements listed in the policy and must be approved by the POB 
project officer prior to implementation, including obligation of funds. 
 
It is the responsibility of the contracted agency to administer and track the incentives 
program and ensure that they follow the policy guidance. However, the awardee, as the 
direct recipient of the federal funds, is ultimately accountable for ensuring their partners 
and partners’ plans adhere to the policy guidance. 


 
24. What level of detail is required to document/track the person receiving the incentive (e.g., are 


name and phone number needed)? 
 


At this time, CDC has not defined specific data elements that must be collected for tracking 
purposes. Awardees must develop a tracking system to minimally ensure that the 
appropriate individuals receive an incentive, individuals do not get more than one 
incentive, and that the incentive(s) are not otherwise misused. The tracking system should 
provide enough documentation to withstand formal auditing. 


 
25. Do incentives get put under contracts? 


 
Inclusion of incentives in the budget will vary depending on the intended mechanism for 
how they will be procured and distributed. Generally, the most appropriate budget 
category may be ‘Other’.  


 
26. What is the difference between a marketing/promotional item and an incentive item? 


 
For the purpose of this policy and creation of a recipient incentive plan, an incentive is a 
tangible item that is given to an individual who is fully vaccinated against COVID-19. 
Marketing/promotional items are intended to reach a broad target population to increase 
awareness of COVID-19 vaccination but in which vaccination is not a stipulation to receipt. 


 
27. Does the incentives plan have to be included in the COVID workplan or can it be a separate 


document? 
 


The incentive plan is a standalone document that can submitted separately than any of the 
COVID project workplans (i.e., COVID 3 or COVID 4). However, the incentive plan must 
reference your COVID workplan. It is also likely that you may have to adjust your budget(s) 
to document how the incentive funds are being spent. 
 
For any awardee that has been approved for an extension to your COVID 4 plan, you can 
include your incentive plan as an addendum to the workplan and incorporate the costs in 
your budget. 


 







28. Per the guidance, incentive costs can be used with previously awarded COVID-19 funding.  
How do we go about incorporating this new initiative into the budget(s) if we have to move 
funds around a previously approved budget? How do we notify you that we are doing this? 


 
The desired action being described is a budget redirection. Guidance for redirections can 
be found here: https://www.cdc.gov/vaccines/covid-19/redirections-faq.html 


 
29. Can someone get an incentive for getting vaccinated AND transporting individuals for 


vaccination? 
 


The intended target of the incentive initiative is the vaccine recipient. Transportation 
vouchers, or gas gift cards, are allowable incentives for people for whom transportation is a 
barrier to vaccination. There are also transportation companies, such as Uber/Lyft, that are 
providing free transportation to vaccination clinics. 
 
To fund transportation (public transportation or ride share services) for the public to 
receive COVID vaccine, submit a plan to your POB Project Officer that covers the following 
elements: (a) justification, (b) cost savings [e.g., how it will defray costs or have a positive 
return on investment], (c) defined amount, (d) qualifications for issuance, & (e) method of 
tracking. 


Depending on the transportation company, awardees may also be able to establish 
interagency agreements with their Department of Transportation or create 
contracts/MOUs with other appropriate partners and have an established documented 
reimbursement rate. In this instance travel would be covered on the front end and the 
awardee would reimburse the company.  
 


30. Can we purchase stickers or buttons/pins that say “I got vaccinated” to encourage other 
people to get vaccinated? 
 


Buttons, pins, or stickers, that say “I got vaccinated” or something similar that are not 
promoting an organization or cause are allowable. An incentive plan is not needed for this; 
however, the budget must be updated (as necessary) for appropriate inclusion. 


 
31. Can federal funds be used to cover the costs of incentives that have already been provided? 


 
The incentive(s) cannot be retroactively applied; therefore, eligibility begins once the 
approved incentive plan is in place and ready to be executed by the recipient. 


 
32. Can incentives be given to providers to encourage them to vaccinate? 


No, COVID-19 supplement funds cannot be used to incentivize providers.  Vaccine 
providers are encouraged to use established mechanisms to receive compensation for 
administering vaccinations. Administration fees are reimbursed by the patient’s public or 
private insurance company or, for underinsured and uninsured patients, by the Health 
Resources and Services Administration’s Provider Relief Fund. Please let your project 
officer know about challenges or barriers not providing additional incentives to providers 
may pose to maintaining adequate vaccinator capacity. 



https://www.cdc.gov/vaccines/covid-19/redirections-faq.html

https://www.hhs.gov/coronavirus/cares-act-provider-relief-fund/for-providers/index.html

https://www.hhs.gov/coronavirus/cares-act-provider-relief-fund/for-providers/index.html
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Providing Incentives with COVID-19 Supplemental Funding 
Guidance for recipients of the IP19-1901 Immunization and Vaccines for Children Cooperative Agreement 
who have received COVID-19 Supplemental Funding 


 
 


As we reach a critical juncture in the COVID-19 vaccine response, in which vaccine supply is outpacing vaccine 
demand, it is important to expand strategies to increase COVID-19 vaccination rates. In addition to current 
strategies, such as focused outreach to populations disproportionately affected by COVID-19 and 
communication efforts to increase vaccine confidence, new strategies like direct appeal, via incentives, to 
potential vaccine recipients will be needed to combat the further spread of COVID-19. 


 
Effective July 30, 2021, the funding of incentives, up to $100 per person, for COVID-19 vaccine recipients 
(i.e., individuals receiving a COVID-19 vaccine) is allowable with all immunization cooperative agreement 
(IP19-1901) COVID-19 funding1 except the “COVID 4 Addendum” funding for vaccine confidence 
communication strategies. Incentives to encourage vaccination provider participation in the CDC COVID-19 
Vaccination Program are not allowed. 


 
Consistent with the purpose of the COVID-19 supplemental funding for vaccination activities, the terms of the 
supplemental awards as provided in the Notice of Award, and applicable grants regulations and policies, 
incentives may be considered to encourage participation in COVID-19 vaccination. Recipients of IP19-1901 
COVID-19 supplemental funding interested in exploring this option must submit a plan that covers the following 
eight elements: 


a. Proposed Incentive (i.e., describe, in detail, what incentive will be provided) 
b. Justification (i.e., what is the purpose for the incentive and what is the specific reason for selecting this 


incentive? What evidence indicates that an incentive is needed, and what evidence suggests that the 
selected incentive will be effective at achieving the desired result?) 


c. Reference to the jurisdiction’s CDC-approved COVID-19 workplan (i.e., cite the specific COVID-19 
supplemental award workplan activity to which this incentive plan applies) 


d. Anticipated gains (i.e., explain how providing such an incentive will defray societal costs or have a 
positive return on investment, including by increasing overall COVID-19 vaccination? Additionally, 
describe potential unintended negative consequences and how those are outweighed by the benefits) 


e. Defined amount (e.g., cost per person and total allocated funding for the vaccine recipient incentives) 
Note that the incentive cap is $100 per person. 


f. Qualifications for issuance (i.e., what makes a person eligible for the incentive? Does it take into 
consideration issues related to equity in your community? Does the proposed plan raise any state legal 
concerns?) 


g. Method of issuance and tracking (i.e., how will the incentive be delivered? Does the proposed plan and 
implementation align with any relevant policies and procedures governing your organization (e.g., 
procurement, ethics, etc.)? How will the budget and supply be tracked?) 


h. Method of evaluation (i.e., how will the incentive plan be evaluated for effectiveness?) 
 
 
 


1 Incentive policy applicable to IP19-1901 COVID-19 supplemental funding ending in document numbers: 
19NH23IP922XXXC3, 20NH23IP922XXXC3, 20NH23IP922XXXC5, 20NH23IP922XXXC6, and 20XXIP922XXXUDSPC5. 
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In addition, such incentives are not and should not be portrayed as an endorsement by HHS or CDC of any 
company (or its goods, services, or policies) associated or affiliated with the incentive. For example, if an 
incentive is funded by grant funds, a cash card would more clearly separate the incentive from appearing to be 
an endorsement vs. a card to be used only at a specific COVID-19 vaccine provider. To the extent practicable 
given the proposed incentive, such non-endorsement should be clearly articulated. 


 
Also, nothing in this guidance is intended to conflict with the requirements placed on a vaccine provider under 
the terms of their CDC COVID-19 Vaccination Program Provider Agreement or the underlying terms of recipient’s 
grant award and applicable grant regulations. 


 
This plan must be uploaded into Grant Solutions as a grant note, and project officer approval must be received 
prior to implementation, including obligation of funds. Approval will be uploaded as a note in Grant Solutions. 


 
Please direct any questions about incentives or this approval process to your CDC Program Operations Branch 
Project Officer. 











Program (MAP) and to identify what tools and resources would be most useful to your
jurisdiction. The event will bring together other immunization managers from around the
country with experience planning and implementing Supplement 3 and 4 Work Plan
activities. The focus group will be held on Thursday August 12th from 1:00-2:00 PM ET.
RSVP to mwaterman@immunizationmanagers.org

●      Share your CDC “Program Effectiveness Non-Influenza VFC Vaccine Doses Ordered
VTrcks Report” (Jan-May 2021). Jurisdictions recently received a program effectiveness
report with county-level data (July 15 email from from CDC Program Effectiveness Team).
There has been interest and CDC has encouraged sharing this report with stakeholders and
advocacy groups for state/local level strategic planning. If willing, please pass on the report
to your coalitions, partners, providers, local AAP chapter, local American Cancer Society
network, or to AIM (info@immunizationmanagers.org). Thank you!
 

CALENDAR:
●      AIM/Moderna Webinar: RESCHEDULED TBD. We will be cancelling the AIM/Moderna

webinar at this time, and will be rescheduling after the adolescent EUA is passed and ACIP
holds their emergency meeting.

●      AIM Health Equity Committee Meeting: Tuesday 8/10, 2-3pm ET. The AIM Health
Equity Committee will meet the first Tuesday of each month. An agenda will be shared prior
to each meeting. Email Jasmine at jberry@immunizationmanagers.org with questions. Join
here on Tuesday.

●      Virtual Exhibit Hall - Pfizer/Traceable: Wednesday 8/11, 1-2pm ET. Attendees will learn
about updates to Traceable storage and handling products and receive Pfizer updates on
vaccine products, sales trends, and expectations for the coming season.  Click HERE to join
the virtual exhibit hall.

●      AIM Executive Committee Meeting: Thursday 8/12, 11-12pm ET. Executive Committee
members should have received an updated calendar invite with a Zoom join link
(rescheduled from 8/5).

●      AIM Member Meetup: Friday 8/13, 2pm-3pm ET. Email
ajensen@immunizationmanagers.org if you need the meeting invite.

●      ACIP Meeting: Friday, 8/13, 11am ET. No agenda available yet.
 
 
UPDATES:

●        CDC updates incentive allowance to $100: In alignment with newly announced White
House initiatives CDC updated their policy (announced in NCIRD all-awardee e-mail Fri
7/30/@ 4:49pmET) regarding the use of COVID-19 supplemental funding to purchase
incentives for vaccine recipients.

○        The new per person incentive cap is $100.  This is an increase over the previously
established cap of $25 per person.

○        The updated policy and FAQs are attached to this message.  Also attached, are the
incentive template for IP19-1901 recipients and previously shared information about
the ‘hybrid plan’ which allows CDC to approve one plan and still offers your local
partners the flexibility to select incentives.

○        In developing your plans for the use of incentives, please ensure that they reflect
responsible and reasonable uses of federal funding.  Federal funds, including those
allocated to incentives, are subject to audit requirements as outlined in the HHS
Grants Policy Statement 45 CFR Part 75.  

○         Incentive plans must be submitted as a grant note in GrantSolutions. Program
Operations Branch (POB) project officers will review the plans and provide a
response (also as a grant note in GrantSolutions) within 3 – 5 business days.

○        CDC approval must be obtained prior to the implementation of an incentive plan or
obligation of funds.

○        If you have any questions, please reach out to your POB project officer.
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●      LTC 2.0 Office Hours: CDC held LTC 2.0 office hours on Tuesday 8/3. CDC is
encouraging jurisdictions to begin planning for additional doses of COVID vaccine for LTC
residents and staff.

○      Priorities are to understand SNFs + their pharmacy partnerships, and to enumerate
non-SNFs for more insight.

○      If you need unofficial notes from this call, please email
mdoan@immunizationmanagers.org

 

●      8/5 - Daily Vaccinations Hit Highest Level In A Month, White House Says—With States
Where Covid-19 Is Surging Leading The Way: Thursday, the U.S. just registered its
highest daily number of vaccinations since early July, and that states with particularly high
case rates—and particularly low vaccination rates—are recording the biggest increases. Read
the Forbes article.
 

●      AMA - Families of men in notorious syphilis study speak up for vaccination: Really cool
AMA article and short documentary! Descendants of the men who participated in the
Tuskegee study are working to reframe the narrative and build trust through public service
and public health….especially for COVID vaccines!
 

●      San Francisco is giving extra COVID vaccine dose to Johnson & Johnson recipients:
San Francisco will provide an extra dose of the COVID-19 vaccine for people who got the
single-shot Johnson & Johnson variety but public health officials aren’t calling it a booster,
authorities said Tuesday. Read the KTLA article.
 

●      WHO calls for moratorium on booster vaccine shots through September, citing global
disparity: The World Health Organization on Wednesday called for a halt on booster shots
of coronavirus vaccines through at least September, as poorer countries struggle to access
doses. Read the Washington Post article.

 
LEGISLATION:

●      State Legislative Round-Up - A Review of COVID-19 Vaccine Mandates: Since the
beginning of the COVID-19 pandemic, state legislators have considered a number of bills to
alter or limit the powers granted to public health officials across the nation. An emerging
trend in the 2021 sessions was a focus on prohibiting the ability of public health officials,
businesses, and educational institutions to implement COVID-19 vaccine requirements. This
brief provides an overview of enacted legislation; highlights litigation that could alter the
policy landscape; and concludes with future considerations, suggested resources, and talking
points to help AIM members navigate this emerging debate.
 

●      N.Y.C. will require workers and customers show proof of at least one dose for indoor dining
and other activities

○      The program, similar to mandates issued in France and Italy last month.
○      Program will start on Aug. 16, and after a transition period, enforcement will begin

on Sept. 13, when schools are expected to reopen and more workers could return to
offices

 
RESOURCES:

●      AIM Immunization Communications Resources: We’ve partnered with the National
Public Health Information Coalition (NPHIC) to increase information sharing and
collaboration between immunization program managers and public information officers.
Here’s what’s new in the resource portal:

○      GBS and J&J Talking Points. AIM has developed talking points to help address
questions about the rare nervous system condition known as Guillain-Barré
Syndrome (GBS) and the J&J vaccine.

○      AIM and NPHIC Webinar: Immunization and Communication Collaboration
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Recording. AIM and NPHIC hosted a joint panel discussion on lessons learned
throughout the pandemic for working together to communicate key health
information. 8/6:

 

●      New CDC MMWRs:
○      8/6: COVID-19 Vaccine Safety in Adolescents Aged 12–17 Years — United States,

December 14, 2020–July 16, 2021
○      8/6: Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine

Breakthrough Infections, Associated with Large Public Gatherings — Barnstable
County, Massachusetts, July 2021

○      Early Release 8/6: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19
Vaccination — Kentucky, May–June 2021

○      Early Release 8/6: Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2
(Delta) Variant — Mesa County, Colorado, April–June 2021

○      Early Release 8/6: Effectiveness of COVID-19 Vaccines in Preventing
Hospitalization Among Adults Aged ≥65 Years — COVID-NET, 13 States,
February–April 2021

 
 
 
Claire Hannan, MPH
Executive Director
301-424-6080
immunizationmanagers.org
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From: Parry, Carolyn (CHFS DPH DEHP)
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Agenda


▪ Welcome – Christopher M. Reh, Ph.D., Associate Director, ATSDR


▪ General Updates – CDR David Fitter, MD, VTF Co-Lead, Vaccine Task Force 


▪ Distribution Updates – Chris Duggar, MPH, Distribution and Federal Programs 


▪ PIE Updates – LaVonne Ortega, MD, MPH 


▪ Indian Health Service Jurisdiction – CDR Kailee Fretland, PharmD, BCPS and CAPT 
Holly Van Lew, PharmD, BCPS


▪ Questions/Discussion & Closing – Christopher M. Reh, Ph.D.
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Let’s Celebrate!


▪ 233 days since the first delivery of COVID vaccines in the USA
o 400 million doses delivered
o 165 million Americans fully vaccinated
o 70% of adults age 18+ received at least 1 dose
o 90% of adults age 65+ received at least 1 dose


▪ 400 million doses distributed is the equivalent to 5 years of distribution under the CDC Vaccines for 
Children Program
o Most of this work is done by staff working overtime,
o Thank you to everyone who contributed to this effort!


▪ 70% in adults 18+ & 90% in adults 65+ coverage with an adult vaccine equivalent (i.e., seasonal 
influenza) has never been achieved before
o In the past 5 years adult seasonal flu vaccine coverage has been <48%


• Coverage in adults 65+ has approached 69% in the past but is still nowhere close to our 
achievement of 90%!







Reminders


▪ Reporting


• Please remember to report inventory and waste to help provide an 
accurate picture of product in the field


▪ Please cancel J&J/Janssen backorders by August 13


▪ Next Distribution Office Hours 


• August 10,  5–6pm ET







Product Updates


▪ J&J/Janssen


• Shelf-life extended, now a 6-month vaccine
• Supply remains on hold; please use inventory in the field
• Anticipate return to ordering in September


▪ Pfizer


• Submitting a request for shelf-life extension August 15
• Should know the result of that request before the end of the month


▪ International Donations
• USG donations pass 110 M doses to 65 countries
• Remember - Inventory distributed domestically may NOT be donated







Fall Planning


Planning has been initiated for additional doses


▪ Planning is occurring while we continue to push primary COVID 
vaccine series completion to more Americans


▪ Discussion of potential need for 3rd Dose
• Focus areas:


- Long-term care facilities
- Immunocompromised people
- General public
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Considerations for Planning School-Located Vaccination 
(SLV) Clinics 


▪ Schools offer a unique opportunity to get children vaccinated 
• Children already present, can be more convenient for parents & guardians, can offer 


both routine/catch up vaccinations and COVID-19 vaccine 
• School staff and communicators also have a valuable opportunity to share 


information with parents and the community about opportunities to get vaccinated 
outside of SLVs 


▪ CDC considerations/resources for SLVs include: 
• Planning considerations – what is the local need, when will clinics be held 
• Tips to establish partnerships, including partnerships with retail pharmacies 
• Training links to prepare for clinic day 
• Information about legal issues for minors, school staff and volunteers 
• Communication tips and customizable templates (ex. email to principals, email to 


parents) 


▪ For more information refer to: https://www.cdc.gov/vaccines/covid-
19/planning/school-located-clinics.html



https://www.cdc.gov/vaccines/covid-19/planning/school-located-clinics.html





Considerations for Planning School-Located Vaccination (SLV) 
Clinics 


▪ Connecting Your Community Clinic with Federal Pharmacy Partners | CDC –
includes points of contact for each pharmacy partner 


▪ The White House also recently announced a push for COVID-19 SLVs, calling 
on school districts nationwide to host at least one vaccination clinic over the 
coming weeks 



https://www.cdc.gov/vaccines/covid-19/retail-pharmacy-program/pharmacies-contact.html





Additional Resources


▪ Back to School Toolkit | WECANDOTHIS.HHS.GOV


▪ Guide to On-Site Vaccination Clinic for Schools | WECANDOTHIS.HHS.GOV


▪ Fact Sheet: Biden Administration Announces Additional Actions to Help 
Kids Go Back to School Safely | The White House



https://wecandothis.hhs.gov/back-school-toolkit

https://wecandothis.hhs.gov/guide-site-vaccination-clinic-schools

https://www.whitehouse.gov/briefing-room/statements-releases/2021/08/05/fact-sheet-biden-administration-announces-additional-actions-to-help-kids-go-back-to-school-safely/
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IHS Overview and COVID-19 Response


• Service population of 2.6 million American Indians and Alaska 
Natives (user pop 1.6M)


• Members of 574 federally recognized Tribes in 37 states


• IHS total staff consists of more than 15,370 employees, 
including nurses, physicians, pharmacists, sanitarians, physician 
assistants, and dentists 


• Services provided: IHS Operated Facilities, Tribal Health 
Programs and Urban Indian Organizations (abbreviated as 
I/T/U)


• Hospitals


• Ambulatory Care Clinics


• Referral Centers







The IHS Jurisdiction


▪ The provision of health services to members of federally recognized tribes grew out of the special 
government-to-government relationship between the federal government and Indian tribes.


▪ Proven scalable medical logistics capability and existing health surveillance capacity to inform 
targeting of limited resources to locations of greatest need.


▪ Established healthcare provider with access to electronic health record data.


▪ Regional distribution centers, including coordination through the National Supply Service Center.


▪ Early in the pandemic IHS requested a separate vaccine allocation, based on this trust relationship, 
existing infrastructure, and experience from the 2009 H1N1 pandemic.


▪ IHS is committed to regular and meaningful consultation and collaboration with Tribes and Tribal 
leaders on important issues, including the COVID-19 pandemic response.


▪ Tribes are very diverse and have varied relationships with the state and local                                               
programs
• Most sites are VFC providers, since AI/AN is an eligibility category for VFC vaccine
• Previous experiences collaborating with the state during the 2009 H1N1 Pandemic
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Unique Attributes of IHS


▪ IHS is a healthcare delivery system
• Our patients are well known to us and we are connected to Tribal communities in unique ways
• Critical outreach staff: Public Health Nurses, Community Health Representatives, Health Educators
• Tribal leadership messaging within the community


▪ High-risk populations are easily identifiable within the electronic health record
• Electronic tools leveraged for outreach
• Existing communications platforms utilized
• Robust existing vaccination programs


- High immunization rates in children and adults
- Significant pharmacist involvement and collaboration between disciplines


▪ Bureau of Indian Education (BIE) Partnerships (AI/AN students, faculty and staff)
• 23 BIE operated, 98 tribally controlled and 66 Navajo Schools
• 37 Tribal Colleges


▪ Tribal leaders and Tribal Governments as partners with individualized plans for outreach
• Best practices in Albuquerque, Navajo, and Alaska







COVID-19 in Indian Country


▪ The COVID-19 pandemic has disproportionately affected the American Indian/Alaska Native (AI/AN) 
populations across the country.


• AI/AN are 3.5 times more likely to be infected with the Sars-CoV2 virus.1


• AI/AN are 4 times more likely to be hospitalized as a result of COVID-19 infection.2


• AI/AN have higher rates of mortality at younger ages than non-Hispanic whites.3


- 10x higher in AI/AN 20-29 years, 11x higher in AI/AN 30-39 years, and 8x higher in AI/AN 40-49 years


▪ In addition to many public health measures in place, such as social distancing, mandatory curfews, 
mask wearing, and hand hygiene, COVID vaccination remains the most promising to further reduce 
disease, morbidity and mortality in the AI/AN people.


▪ Equitable COVID-19 vaccine allocation was critical to IHS and Tribal leaders to prevent morbidity and 
mortality and reduce the impact of COVID-19 on our communities.


1. COVID-19 Among American Indian and Alaska Native Persons — 23 States, January 31–July 3, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1166–1169. DOI: http://dx.doi.org/10.15585/mmwr.mm6934e1external icon.
2. Hospitalization rates per 100,000 population by age and race and ethnicity — COVID-NET, March 1, 2020–September 5, 2020. https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
3. COVID-19 Mortality Among American Indian and Alaska Native Persons — 14 States, January–June 2020. MMWR Morb Mortal Wkly Rep 2020;69:1853–1856. DOI: http://dx.doi.org/10.15585/mmwr.mm6949a3external icon



http://dx.doi.org/10.15585/mmwr.mm6934e1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html

http://dx.doi.org/10.15585/mmwr.mm6949a3





DATA 


MANAGEMENT 


IHS Vaccine Task Force
▪ Administration: Develops resources and tools to assist I/T/U 


facilities in vaccine administration and documentation. 


▪ Communications: Develops key messages that are culturally 
appropriate on various platforms for IHS staff and patients.


▪ Data Management: Identifies solutions to track and document 
COVID-19 vaccine, including vaccine administration data,  
reporting of inventory and ordering processes.  


▪ Distribution: Coordinates vaccine distribution and logistics, 
works closely with CDC to ensure accessibility of I/T/Us.


▪ Prioritization: Provides prioritization guidance and technical 
assistance based on ACIP recommendations. This workgroup is 
also focusing on pediatric and adolescent immunizations.


▪ Safety and Monitoring: Provides I/T/U education regarding 
adverse vaccine event (AVE) monitoring and reporting processes, 
including AVE surveillance for sentinel sites, employee safety 
reports and Vaccine Event Reporting System (VAERS).


COMMUNICATIONS


VACCINE 


ADMINISTRATIONPRIORITIZATION


SAFETY & 


MONITORING


IHS 


COVID-19 Vaccine 


Task Force


DISTRIBUTION  







Key Pre-Planning Activities


▪ Tribal consultation and urban confer


• Tribes voiced concerns about ensuring equitable allocations of vaccine, being able to identify their own priority 
populations for vaccination and being able to include AI/ANs as well as those that live and work in their 
communities that may be non-Native or non-beneficiaries.


▪ Ongoing internal communications across the Agency including Headquarters, Area, and local 
levels.


▪ Ongoing communications updates to Tribes, Tribal Organizations, and Urban Indian Organizations, 
including participation on White House Tribal COVID-19 Update.


▪ Developing an IHS COVID-19 Pandemic Vaccine Plan


▪ Coordination with the Centers for Disease Control and Prevention, Federal Vaccine Response 
Operation, and other federal entities.
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IHS-Operated, Tribal Health Programs, and Urban Indian 
Organization Locations


There are three types of IHS facilities:


▪ IHS Operated Facilities


• Required to use IHS Jurisdiction


▪ Tribal Health Programs


• Choice of state or IHS jurisdiction


▪ Urban Indian Organizations


• Choice of state or IHS jurisdiction
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• State Jurisdiction • IHS Jurisdiction 


Map of Jurisdiction Choice for IHS Tribal and Urban Programs







Distribution – Jurisdiction Selection by Area 
(Region)


▪ 352 total IHS, Tribal and Urban facilities 
have chosen IHS as their jurisdiction for 
distribution.


▪ IHS and CDC jointly reconcile the lists for 
discrepancies, duplicates or facilities 
needing additional information weekly.


▪ IHS publishes a list of all sites within the 
jurisdiction on the IHS coronavirus vaccine 
webpage. 


▪ Refer to CDC for update on Tribal and 
Urban list that chose the state for 
distribution.


Distribution Preference IHS


Alaska 0


Albuquerque 28


Bemidji 34


Billings 20


California 72


Great Plains 25


Nashville 28


Navajo 23


Oklahoma City 62


Phoenix 34


Portland 23


Tucson 3


Grand Total 352



https://www.ihs.gov/sites/coronavirus/themes/responsive2017/display_objects/documents/IHS_COVID-19_Vaccine_Distribution_List_by_Area.pdf









Administration – U.S. and IHS Trends


U.S. Vaccine  
Administration 


Trends 
Dec 2020 – July 2021


IHS Vaccine  
Administration 


Trends 
Dec 2020 – July 2021







Population & Administration Data


▪ Population estimates, as we heard in Tribal Consultation, were important to Tribes and Tribal Leaders
• IHS measures the population we serve by the User Population, which is defined as at least 2 


ambulatory visits in the last 3 years
• I/T/Us wanted to include ALL people they planned to vaccinate, which included HCP, essential 


workers, beneficiaries and non-beneficiaries that work and interact with Tribes and facilities 
without being limited to User Population


• For sites that chose the IHS jurisdiction:
- Total estimated population = 2.1 million (CDC COVID tracker uses this denominator)
- User Population = 1.2 million (AI/AN member/descendent of a federally recognized tribe and    
eligible for care within IHS, not self-identified race)


▪ Can state jurisdictions see and account for IHS administered doses?
• State administration data does include all Federal Entities (which includes IHS)
• Tiberius reports to access the IHS specific data by state, zip and county for planning purposes
• Tiberius reports for state to access and publicly post anonymized data for all federal entities
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▪ “As of Sunday [1/24/21], the medical 
center administered both doses of the 
vaccine to about 1,000 people, or 60% of the 
health care workers and first responders”


▪ “The medical center also vaccinated about 
3,600 elders ages 65 and older, or about 69% 
of that patient population, as of Sunday.”
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Partnerships & Collaborations


▪ Collaboration is key – lots of success stories in working tribes, Urban Indian Organizations, 
state and local jurisdictions to coordinate and amplify vaccination efforts.


▪ Critical support and collaboration with our CDC partners


• Tribal Support Section


• Tribal Populations Team – weekly touch base and essential to our successes


• Data systems support, implementation and technical assistance


▪ Operation Warp Speed/Federal Vaccine Response Operation


• IHS Liaison Officer (LNO) present at the Vaccine Operations Center


▪ Federal partners for vaccine administration and technical support


• FEMA – mobile units, community vaccination events, logistics


• National Guard – community vaccination events in collaboration with state & IHS


▪ State and local partners







Unique Challenges


▪ Unique cultural challenges


Remote and rural populations


• Hub and Spoke model highly utilized


▪ Significant variability between federal, tribal and urban sites


▪ Data sharing is limited and complex within the agency


▪ Access to care


• Many AI/ANs may be registered users of IHS, but live off the reservations


• Many AI/ANs sought out IHS sites to be vaccinated


• Additional partnerships were leveraged to vaccinate individuals                                                              
in urban populations







Keys to Success


▪ Leveraged new and existing relationships with the IHS distribution network
• Trusted source for medications and supplies across the agency
• Relied upon heavily when COVID-19 testing supplies and PPE were needed, and needs 


fulfilled


▪ Existing infrastructure to provide key updates via webinars, patient outreach and education, 
issuing guidance, and briefings with leadership.


▪ Equitable distribution and redistribution


▪ Effective at vaccinating priority populations early in the roll out


▪ Moved early to “pull” model of distribution in late March 2021
• Ample supply, allowed to shift to a need-based system


▪ Early adoption of vaccinations in routine care


▪ Great sense of community and preservation of culture
• Community is essential – great focus on vaccination to protect elders and cultural 


traditions
• Expansion beyond Tribes into Tribal communities







IHS Vaccine Resources


IHS Coronavirus Vaccine web page
▪ FAQs for I/T/U Programs


▪ COVID-19 Vaccine Distribution and 
Administration by IHS Area 


▪ IHS COVID-19 Webinar Recordings


▪ IHS COVID-19 Promotion Materials
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Q & A







For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov


The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.
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CDC Update on COVID-19 Vaccination during Pregnancy: 
Key Messages and Talking Points for Partners


COVID-19 vaccination is recommended for all people aged 12 years and older, 
including people who are pregnant, breastfeeding, trying to get pregnant 
now, or might become pregnant in the future. Pregnant and recently pregnant 
people are more likely to get severely ill with COVID-19 compared with non-
pregnant people. Getting a COVID-19 vaccine during pregnancy can protect you 
from severe illness from COVID-19.


Key Messages


Questions & Answers


• Based on new evidence about the safety of the COVID-19 vaccines, CDC is strengthening its recommendation 
for COVID-19 vaccination during pregnancy. 


• In a new analysis of current data from the v-safe pregnancy registry, scientists did not find an increased risk for 
miscarriage among people who received an mRNA COVID-19 vaccine before 20 weeks of pregnancy. 


• Additionally, previous findings from three safety monitoring systems did not find any safety concerns for 
pregnant people who were vaccinated late in pregnancy or for their babies. 


• Growing evidence about the safety and effectiveness of COVID-19 vaccination during pregnancy demonstrates 
that the benefits of receiving a COVID-19 vaccine outweigh any known or potential risks. 


• COVID-19 vaccination is recommended for all people 12 years and older, including people who are pregnant, 
breastfeeding, trying to get pregnant now, or might become pregnant in the future.


• The increased circulation of the highly contagious Delta variant, the low vaccine uptake among pregnant people, 
and the increased risk of severe illness and pregnancy complications related to COVID-19 infection among 
pregnant people make vaccination for this population more urgent than ever. 


Why is CDC updating the recommendations now?
• Previously, preliminary safety data on vaccinations late in pregnancy were reassuring, but data from people 


vaccinated during early pregnancy were lacking. These new findings—no increased risk for miscarriage after 
receiving an mRNA vaccine before 20 weeks of pregnancy—helped to fill that gap in knowledge. 


• The growing evidence about the safety and effectiveness of COVID-19 vaccination during pregnancy suggests 
that the benefits of receiving a COVID-19 vaccine outweigh any known or potential risks and vaccination is 
essential to protect pregnant people.  


• Clinicians caring for pregnant people have seen an increase in the number of pregnant people with COVID-19 
in the past several weeks.  The increased circulation of the highly contagious Delta variant, the low vaccine 
uptake among pregnant people, and the increased risk of severe illness and pregnancy complications related 
to COVID-19 among pregnant people make vaccination for this population more urgent than ever. 


The risk of miscarriage was 13% in women vaccinated prior to 20 weeks’ gestation—is that concerning?
• No, these data are not concerning; miscarriage rates after receiving an mRNA COVID-19 vaccine are within 


what we expect to see based on previous studies (11-16%). These data do not suggest an increased risk for 
miscarriage after receiving an mRNA COVID-19 vaccine just before or within the first 20 weeks of pregnancy. 


Updated August 11, 2021
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/pregnancy.html



https://www.researchsquare.com/article/rs-798175/v1

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/pregnancy.html
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Key highlights for this week include:





 





*	We Have a New Name!


*	MMWR Launches a New Site Focusing on COVID-19 Vaccine Effectiveness and Safety 


*	A Message From the Desk of Chris Duggar


*	New Guidance on Coadministration of COVID-19 Vaccine With Other Vaccines


*	Be Sure to Screen for Previous COVID-19 Vaccination


*	School-based Immunization Programs FAQs 


*	Topline Messages for the Week





 





GOOD NEWS!





 





Congratulations! Due in part to the hard work, long hours, and dedication you have shown in fighting COVID-19, the United States has now met the administration’s goal of vaccinating 70% of US adults vaccinated against COVID-19. Sixty percent of people over 18 years old in the U.S. are now fully vaccinated! 





 





This is a truly unprecedented success. The highest coverage rate for influenza vaccination recently achieved was 48.4% in 2019–2020, and that was only a single dose instead of a series. Well done! Here is some additional information to put this tremendous achievement into context:





 





*	As of August 9, 2021, it’s been 238 days since the first delivery of COVID vaccines in the USA





*	405 million doses delivered





*	400 million doses distributed is the equivalent to 5 years of distribution under the CDC Vaccines for Children Program





*	165 million Americans are fully vaccinated


*	70% of adults age 18+ have received at least 1 dose


*	90% of adults age 65+ have received at least 1 dose





*	70% & 90% coverage with an adult vaccine equivalent (read: seasonal influenza) has never been achieved before 


*	In the past 5 years, adult seasonal flu vaccine coverage has averaged <48%. Sometimes coverage in adults 65+ has approached 69%. This number has been eclipsed by the current rate of 90% of 65+ year-olds having received 1 dose!





*	Most of this work is done by CDC and State personnel…we recognize and appreciate you!





 





We Have a New Name!





 





On August 2, 2021, two changes were introduced to the Vaccine Task Force organizational chart. First, the Distribution & Federal Partners (DFP) section was renamed Vaccine Distribution, Awardee and Partner Support section (VDAPS). Second, to achieve organizational efficiencies, the Vaccine Jurisdiction Support (VJS) section (which includes the Vaccine Coordination Cell) was relocated under the newly renamed VDAPS section. This reduces Vaccine Task Force footprint and improves communication and coordination within the CDC in support of the critical jurisdictional activities of the VCC. 





 











 





DID YOU KNOW?





 





MMWR Launches a New Site Focusing on COVID-19 Vaccine Effectiveness and Safety





 





CDC’s primary publication for disseminating the science it produces is the Morbidity and Mortality Weekly Report, better known as MMWR. The staff at MMWR has just launched a new landing page to help people find the latest information on COVID-19 vaccine effectiveness and safety at https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 





 





 











 





Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021





 





Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021





 





Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021





 





 











Eleven years ago this week, the World Health Organization declared an end to the last global pandemic—the 2009 H1N1 influenza pandemic. The decision was based on epidemiological and virological data and the correct prediction by public health authorities that H1N1 would continue circulating as an annual strain.





 





 





 





Gratitude Corner





The past 34 weeks have shown the importance and effectiveness of on-the-ground public health workers like you. There is no way that we could have come together as a nation to administer 350 million vaccines without your commitment, dedication, and hard work. We are so grateful to YOU!





 





A Message From the Desk of Chris Duggar





 





As we return from summer, the COVID-19 immunization efforts will begin to look different. The United States has achieved incredible vaccine coverage in 35 weeks of mass vaccination. While this has dramatically reduced morbidity and mortality, the need for vaccine administration continues.





 





If I had to capture the nuances of the COVID vaccination program (from ancillaries & allocations, EUAs, the J&J/Janssen “pause,” and finally waste) it is understandable that we have needed to operate a highly focused program within the national response—often due to those very nuances. However, as we begin day 240 of COVID-19 vaccine administration, the shift to normalization and integration with other vaccine programs begins.





 





Many clinics, pharmacies, and partners will be offering flu shots, back to school immunizations, and shaking the dust off the regular immunization schedules. Public health has begun assessing COVID-19 vaccine inventory to determine where doses exist in the field and reducing inventory in transition to a normalized vaccine program.





 





Moving forward, co-administration of COVID-19 vaccine with other available vaccines will be one of the greatest tools in our arsenal as immunization programs begin to look and act like their former selves. As we begin to integrate with other vaccine programs, we believe the lessons learned from the COVID-19 vaccination efforts will help to make all of our vaccine programs stronger. 





 





Thank you for all of your hard-earned achievements.





 





 











 





DISTRIBUTION OFFICE HOURS 





AUGUST 10, 5PM–6PM ET 





Click here to join the meeting





 





New Guidance on Coadministration of COVID-19 Vaccine With Other Vaccines





COVID-19 vaccines and other vaccines may now be coadministered without regard to timing. Until recently, COVID-19 vaccines were recommended to be administered alone, with a minimum interval of 14 days before or after administration of any other vaccines. New data shows that immunogenicity and adverse event profiles are generally similar when vaccines are administered simultaneously as when they are administered alone.





Find more additional information and best practice tips at Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC





Reminder: Communication and Education Resources 





 





We want to remind you that the CDC COVID-19 Vaccine Task Force maintains a Communication and Education Product Inventory on the Awardee SharePoint portal in the “COVID-19 > Communication Content” folder. Check out the “New Content” tab with the latest webpages.   





    





The product inventory is an index of key content compiled to support awardee needs, organized by product category and by stakeholder. It is updated at least once a week. Recent updates to the Communication and Education Product Inventory include:    





 





COVID-19 Vaccine FAQs for Healthcare Professionals 





Janssen COVID-19 Vaccine (Johnson & Johnson) Questions 





Moderna COVID-19 Vaccine Questions 





Pfizer-BioNTech COVID-19 Vaccine Questions 





Resources for Jurisdictions, Clinics, and Organizations 





Inventory Manager User Manual 





Open Registration





 





Back to School Resources





 





Though lots of us are still enduring 90° F+ temperatures, school is already starting in many of our communities. New resources are available to help public health and school workers reach out to students and staff as they return to in-person learning.





 





The Back to School Toolkit from the federal We Can Do This COVID-19 Public Education Campaign has resources for school district leaders, teachers, parent leaders, and school supporters that want to help increase confidence in and uptake of COVID-19 vaccines in their school communities, answer questions, and outline school guidance about COVID-19. 





 





The Guide to On-Site Vaccination Clinic for Schools has specific suggestions and tips for how schools can host pop-up vaccine clinics for students returning to in-person learning, as well as a list of resources available to make school-located clinics happen. For detailed step-by-step instructions for how to facilitate school-based vaccination clinics, you can use the resources at Considerations for Planning School-Located Vaccination Clinics and On-Site Vaccination Clinic Toolkit. 





 





 











 





Coming Soon: Flu Vaccine Data on Vaccines.gov (New!)





 





As the flu season approaches, and in coordination with CDC’s flu vaccination campaign, jurisdictions, providers, and pharmacies will be able to publicly display flu vaccine availability through Vaccines.gov. Providers and jurisdictions will not be asked to report flu vaccine inventory quantities daily (as is needed for COVID-19 vaccine).





 





In the coming weeks, the Vaccines.gov team will provide more information, including guides and training materials, on how to add flu vaccine data to the system so that locations administering flu vaccine can be displayed on Vaccines.gov. 





 





If your jurisdiction reports on behalf of your providers and you are interested in onboarding providers to report flu vaccine data, please send an email to CARS_HelpDesk@cdc.gov with your request.





 





 











 





Be Sure to Screen for Previous COVID-19 Vaccination





 





Public concern over new COVID-19 variants is growing, and federal authorities are analyzing data to determine if a 3rd dose of vaccine might be needed at some point in the future among specific populations. A number of pharmacists and jurisdictions have reported encountering patients who do not report their previous vaccine doses in order to get an additional 3rd dose. 





 





Please diligently screen patients and check patients’ vaccination history in the appropriate local Immunization Information System (IIS) registry prior to administering the vaccine when possible. Should the pharmacy discover a 3rd dose was inadvertently administered, CDC advises the following:





 





*	Review https://www.cdc.gov/vaccines/covid-19/downloads/covid19-vaccine-errors-deviations.pdf


*	Contact the patient and provide the clinical guidance, and explain to patient to monitor and report any side effects that occur to the pharmacy and through the v-safe application. 





*	Ensure the patient has received information on the v-safe application.


*	Complete a VAERS report for the patients and keep a copy on file in the pharmacy for a minimum of 3 years.





*	Amend the VAERS report as needed if the patient reports any further issues.





*	Contact the patient’s physician or primary health care provider to report the incident and document the issue and keep a copy in the pharmacy files for a minimum of 3 years.





*	If the patient does not have a physician or primary health care provider, document this and maintain a copy in the pharmacy files for a minimum of 3 years.





*	Review the actions and processes that led to the administration error and take steps to correct and prevent this from occurring again. 





*	Amend workflow to check with your state’s IIS before administering the vaccine to catch these types of issues.





*	If administration fees were billed to the patient’s insurance plans, consider reversing the claims to avoid potential audits related to fraudulent claims.





 





One way to avoid administration errors is to encourage all staff to complete the CDC online training available at Vaccine Webinars (cdc.gov).





 





State Immunization Manager Inventory Redistribution Assistance





 





Data on field inventory indicates that efforts to redistribute vaccine across jurisdictions has been very successful. Still, some providers are struggling to find locations willing to accept excess inventory. In these instances, CDC recommends you contact your State Immunization Manager for assistance locating providers in your jurisdiction that may be able to accept redistributed vaccine. Likewise, you can check with your State Immunization Manager for assistance locating vaccine inventory in your area prior to ordering new vaccine. You can help reduce field inventory and reduce vaccine wastage. Let’s use every dose!  





 





A list of State Immunization Program Managers is available at:





https://www.immunizationmanagers.org/page/MemPage 





 





School-based Immunization Programs FAQs





 





In follow-up to the President’s announcement last week, and your questions to CDC, we are providing the following FAQs regarding school-based vaccination clinics.





 





School-Based Vaccination Clinics





 





*	Q: How are federal retail pharmacy partners assisting?





*	On July 29th, in an effort to get more kids 12 and older vaccinated, President Biden called on school districts nationwide to host at least one pop-up vaccination clinic over the coming weeks. As part of that effort, the Administration is encouraging Federal Retail Pharmacy Program partners to work with school districts to host on-site vaccination clinics. Federal pharmacy partners have already conducted around 2,500 school-based clinics; we are asking partners to build on that progress with a renewed push to host these clinics in the coming weeks ahead of back-to-school and as students return. As needed, pharmacy pop-up clinics will give a second dose at a second school-based clinic or at a nearby pharmacy store.





 





*	Q: How should federal pharmacy partners report on progress?





*	The Administration asks that pharmacy partners continue to report metrics on completed school-based clinics to CDC on a biweekly basis. Please work with your teams to ensure that reporting is as complete as possible. This reporting will assist the Administration in tracking progress. We also encourage you to share success stories so that the Administration can highlight this important work.





 





*	Q: How can I contact school districts to offer clinics?





*	We ask pharmacy partners to proactively reach out to local school districts.  The Department of Education will be sharing the On-Site Vaccination Clinic Toolkit with school districts who may reach out to pharmacy partners through their established points of contact. You are encouraged to reach out to schools and districts you have worked with before, or any other nearby schools or districts, whom you are willing to host. Your proactive outreach to school districts will be very helpful in setting up these clinics.





 





*	Q: Can pharmacy partners choose to co-administer the influenza vaccine at the school-based clinics?





*	Yes, pharmacies can choose to co-administer the COVID-19 vaccine and influenza vaccine.





 





*	Q: What more can I be doing to help in this effort?





*	We welcome additional steps by pharmacy partners to work with schools in setting up dedicated vaccination clinics for their staff and students, and to promote vaccination to adolescents and their parents as part of your pharmacy’s regular outreach. This may include additional signage in store on vaccination geared towards students and families of nearby high schools and middle schools; sending push notifications, texts, and emails to customers reminding them to get vaccinated as part of back to school; and featuring vaccination prominently in any of your public health outreach materials for back to school.





 











 





TOPLINE MESSAGES FOR THE WEEK





 





*	COVID-19 vaccines are widely available. Getting a COVID-19 vaccine is fast, easy, and free. CDC recommends everyone 12 years and older get vaccinated. 


*	Getting vaccinated helps prevents severe illness, hospitalization, and death; it also helps reduce the spread of COVID-19 in communities.


*	Over 70% of the U.S. adult population has already received at least one dose, and 60% of adults are fully vaccinated (67.7% of the population age 12 and older have been vaccinated with at least one dose, and 58% have been fully vaccinated). 


*	Vaccination is more urgent than ever, as the Delta variant causes an increased number of cases in areas across the United States. The highest number of cases and severe outcomes are happening in places with low vaccination rates.


*	To help prevent the spread of Delta and protect others, CDC recommends that everyone (including fully vaccinated people) wear a mask in public indoor settings in areas with substantial or high spread of COVID-19.


	


*	In addition, CDC recommends universal indoor masking for all teachers, staff, students, and visitors to K–12 schools, regardless of vaccination status. Children should return to full-time in-person learning in the fall with layered prevention strategies in place.


	


*	A recent MMWR reviewed vaccine safety data in adolescents and concluded that some adolescents experience mild reactions after receiving the Pfizer-BioNTech COVID-19 Vaccine, but serious adverse events are rare. 





*	MMWR Study: COVID-19 Vaccine Safety in Adolescents Aged 12–17 Years — United States, December 14, 2020–July 16, 2021 | MMWR (cdc.gov)





*	The U.S. Food and Drug Administration authorized an extension of the shelf life for Johnson & Johnson’s Janssen COVID-19 Vaccine from 4.5 months to 6 months (an additional 45 days).





 











 





Whitelist Email Addresses





 





Whitelist Email Addresses                





               





Pfizer Customer Service                 





cvgovernment@pfizer.com                       





For confirmation of the ancillary kit shipment                  





donotreply@pfizer.com                 





For communication from Controlant, including:                 





*	Notice at time of vaccine shipment with tracking information         


*	Exceptions for either shipment delay or cancellation         


*	Delivery Quality Report         





Pfizer.logistics@controlant.com                  





24/7 support inbox and line. Contact this address for issues or call 1-701-540-4039 or 1-855-442-668765 to reach the Controlant 24/7 hotline.                 





support@controlant.com                 





All temperature notifications and alerts will come from this email address. This address must be unblocked to receive temperature notifications.                  





onsitemonitoring@controlant.com                 





Inbox for government relations (state & federal) and USG dashboard only. Hospitals/clinics should not contact this address.                 





usgov.projects@controlant.com                 





Moderna Customer Service             





1-866-MOD-ERNA or 1-866-663-3762              





Email: excursions@modernatx.com             





Janssen Customer Service         





Phone:              





800-565-4008 (or) 1-908-455-9922              





Email: JSCCOVIDTEMPEXCURSION@its.jnj.com             





For communications from McKesson regarding Moderna/Janssen vaccine order shipments                 





CDCCustomerService@McKesson.com                





CDCnotifications@McKesson.com                   





For communication from McKesson about ancillary kits                 





SNSSupport@McKesson.com                 





VaccineFinder onboarding email to set up an account (no-reply)       





vaccinefinder@auth.castlighthealth.com                   





COVID-19 DCH new user registration details and Two-Factor Authentication via email                   





covdch-no-reply@cdc.gov                    





Help desk for Provider Enrollment and Data Lake questions                   





IZDLhelpdesk@cdc.gov                   





                   





VAMS help desk                   





VAMSHelp@cdc.gov                   





*	Registration for Clinic, Employer, and Jurisdiction Portals          


*	Confirmation of bulk upload files for 3rdParty recipients, organization, and employee bulk imports       


*	System notifications (e.g., system downtime, trainings)          





VAMS@CDC.gov                   





One-time passwords during login, recipient registration                    





Recipient email communications related to appointments                   





no-reply@mail.vams.cdc.gov                   





VTrckS Provider Order Portal (VPoP) new user registration details and Two-Factor Authentication via email (Federal and Pharmacy Partners ONLY)          





vpop-no-reply@cdc.gov                    





                   





Data Clearinghouse (DCH) emails                  





covdch-no-reply@cdc.gov                 





**NEW** To receive auto-generated email updates for COVID-19 Lot Number Expiration Date Reporting registration         





No-reply@emailupdates.cdc.gov         





 





For additional assistance:    





 





  I need help with…                 





Contact…                 





Pfizer vaccine shipment has a problem                  





Pfizer Customer Service                  





Phone # (800) 666-7248                   





Email:  cvgovernment@pfizer.com                  





Pfizer ancillary kit has a problem                  





Contact McKesson MedSurg to report              





SNSSupport@McKesson.com                





           





           





           





              





              





Moderna/Janssen vaccine shipment has a problem                  





Vaccine Viability – Temperature Excursions during shipment for McKesson Specialty Distributed COVID Vaccine                  





           





Supports calls/emails from provider/admin sites and awardee or federal/pharmacy ordering points of contact.                  





Questions/concerns about vaccine viability issues during shipment must be reported on the same day as delivery.                   





              





Phone:               





(833) 272-6635 Mon-Fri, 8 a.m. - 8 p.m.ET                   





Email: COVIDVaccineSupport@McKesson.com  (only send email if after hours)                  





              





Shipment issues/questions other than vaccine viability concerns              





Supports call/emails from awardee or federal/pharmacy ordering points of contact only.  Providers/admin sites must work through their jurisdiction or program.              





              





Phone:              





(833) 343-2703 Mon-Fri, 8 a.m. - 8 p.m. ET              





Email: COVIDVaccineSupport@McKesson.com                





J&J/Janssen vaccine shipment has a problem              





Phone: 800-565-4008 (or) 1-908-455-9922               





Email: JSCCOVIDTEMPEXCURSION@its.jnj.com              





Moderna/Janssen ancillary kit has a problem                  





McKesson Specialty                 





Phone #: (833) 343-2703              





Email: COVIDVaccineSupport@McKesson.com                





Temperature excursions within the Clinic/Site                  





Call the Manufacturer              





Moderna:              





1-866-MOD-ERNA or 1-866-663-3762               





Email: excursions@modernatx.com              





           





Pfizer:                 





Phone # (800) 666-7248                   





Email:  cvgovernment@pfizer.com                  





           





Janssen:             





Phone: 800-565-4008 (or) 908-455-9922               





Email: JSCCOVIDTEMPEXCURSION@its.jnj.com              





General IIS Inquiries                  





IIS Support: IISInfo@cdc.gov                  





          





Provider Enrollment Data                  





IZ Data Lake Support:  IZDLhelpdesk@cdc.gov                  





VTrckS Ordering, Provider Master Data, Returns & Wastage Extracts                  





VTrckS ExIS Support: VTrckSExIS@cdc.gov                  





VPoP (Federal Partners): VTrckSExIS@cdc.gov                  





VTrckS Allocations, Tracking and Shipment                  





Vaccine Order Management Contact Center: Vaccineordermgmt@cdc.gov                  





Vaccines.gov/VaccineFinder Support            





Available M-F, 8am – 8pm ET       





Email: CARS_HelpDesk@cdc.gov        





Phone: 1-833-748-1979       





Reporting Administration Data via CVRS Data Extract                  





CVRS Support: IZGateway@cdc.gov               





Data Clearinghouse: DCHInfo@cdc.gov               





Pharmacy Liaison: eocevent481@cdc.gov               





VAMS                  





These help options are only for jurisdictions and providers using VAMS:                  





VAMS Help Desk: 1-833-957-1100 **preferred contact method**                  





VAMS Help: VAMSHelp@cdc.gov                  





V-safe                   





eocevent523@cdc.gov                   





HHS Protect/Tiberius                   





Log-in: Protect-ServiceDesk@hhs.gov                    





Platform: ows-support@palantir.com                    





Microplanning: ows-support-microplanning@palantir.com                    





 





  








PLEASE DO NOT RESPOND OR REPLY DIRECTLY TO THIS E-MAIL







This message has been sent to program managers and field staff. Please review the individual announcements for contact information. If you do not see any contact information and need additional information, please contact your program manager. If you need access to the ISD Awardee SharePoint site, please contact your supervisor or your CDC project officer for more information.
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New York City $100 Vaccine Incentive


August 5, 2021







Evolution of NYC Vaccine Incentives Programs


NYC $100 Vaccine Incentive Overview 2


Incentives launched—corporate and cultural 
giveaways with value of $15-$50; available to 
all; 3-5% average utilization


Contest launched—corporate and cash 
giveaways with value of $500-$2,500; available 
to 18+; 5-7% average utilization


Referral Bonus launched—$4M pool for 
community orgs and small businesses; orgs 
receive $100 per referral; 600 orgs signed up







Recent Success of Pairing Incentives & Mandates


NYC $100 Vaccine Incentive Overview 3


Encouragement and Enforcement to Increase Vaccination


• 7/26 – Mandates Announced – 330k NYC City employees 
required to be vaccinated or get weekly testing by Sept


• 7/28 – $100 Incentive Announced – Available to all NYS 
residents who are vaccinated at ~500 City-run sites; went 
live two days later


• 7/29 – Biden admin encourages all states and 
localities to use ARP funds for $100 incentives


• 8/3 – Vax Requirements – Workers and visitors must show 
proof of at least one dose for indoor dining and other 
activities. Also announced “Key to NYC” app. 







$100 Incentive Implementation Details


NYC $100 Vaccine Incentive Overview 4


• Available to all NYS residents (even under 18’s), receiving 
their first dose at City-run sites after 7/28


• Restriction to certain sites based on data platform—
working to expand to more sites through physical cards


• Working with 3rd party to distribute cards. Previously 
distributed $20M of COVID-relief for Mayor’s foundation


• Three ways to receive $100 pre-paid debit card:
• Virtual—receive instantly via email, can add to digital 


wallet or type in number to websites


• Mailed– physical card mailed to address on file


• Pickup (to come) – Walkup sites for those without 
email or mailing address


• ~20k redemptions since launched last Friday





		New York City $100 Vaccine Incentive

		Evolution of NYC Vaccine Incentives Programs

		Recent Success of Pairing Incentives & Mandates

		$100 Incentive Implementation Details






Vax Cash Columbus


• 10 neighborhood satellite clinics and 
Columbus Public Health


• July 6-August 16, 2021
• $100 Visa cash card at first dose
• Health Equity initiative


ColumbusPublicHealth ColumbusHealth ColumbusPublicHealth DrMysheikaRoberts DrMRoberts


Dr. Mysheika Roberts, MD, MPH
Health Commissioner, Columbus Public Health







Vax Cash Strategy


• Census tracts with the highest vulnerability and 
lowest vaccine rates.


• 5 clinic locations - lowest vaccine rates by census 
tract, cross referenced with minority vaccine rates in 
the census tract


• 5 clinic locations - New American population, which 
had low vaccination rates


• Worked with trusted partners to find sites that 
were safe, convenient and comfortable for 
residents.


• Used community feedback and added health 
educators at clinic entrance to answer 
questions and address concerns.


• Canvassed neighborhoods to notify residents.


ColumbusPublicHealth ColumbusHealth ColumbusPublicHealth DrMysheikaRoberts DrMRoberts







Vax Cash Considerations


• Funding
• Checking vaccine registry to prevent 


repeat recipients
• Preventing bias for any particular shot
• Staying in the same location for 6 weeks
• Extending clinic hours until 7 p.m.
• Training health educators
• Offering wrap around services


ColumbusPublicHealth ColumbusHealth ColumbusPublicHealth DrMysheikaRoberts DrMRoberts







Vax Cash Highlights


• 288.5% increase in week 1
• 55% of recipients identify as a 


racial/ethnic minority
• 6,370 vax cash cards distributed 


ColumbusPublicHealth ColumbusHealth ColumbusPublicHealth DrMysheikaRoberts DrMRoberts
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Questions? 


Dr. Mysheika Roberts, MD, MPH
Health Commissioner
Columbus Public Health


ColumbusPublicHealth


ColumbusHealth


ColumbusPublicHealth


DrMysheikaRoberts


DrMRoberts







                
NEW VACCINE INFORMATION STATEMENTS

CDC has released 14 updated vaccine Information statements (VISs), including updated VISs for this year’s flu
season. The VISs can be found at Vaccine Information Statement | Current VISs | CDC.

_________________________________________________________________________________________

CDC UPDATE ON COVID-19 VACCINATION DURING PREGNANCY

On August 10, CDC published a new analysis: Receipt of mRNA COVID-19 vaccines preconception and during
pregnancy and risk of self-reported spontaneous abortions, CDC v-safe COVID-19 Vaccine Pregnancy Registry
2020-21, showing the cumulative risk of miscarriage after receiving an mRNA COVID-19 vaccine (13%) was
similar to previously published estimates (11-16%).  This report included 2,456 pregnant people enrolled in
the v-safe pregnancy registry who received at least one dose of an mRNA COVID-19 vaccine just before
pregnancy or prior to 20 weeks of pregnancy (as of July 19, 2021). These data do not suggest an increased
risk for miscarriage after receiving an mRNA COVID-19 vaccine just before or within the first 20 weeks of
pregnancy. These preliminary findings are reassuring and can help inform discussions about COVID-19
vaccination during pregnancy between pregnant people and their healthcare providers.
 
Growing evidence about the safety and effectiveness of COVID-19 vaccination during pregnancy
demonstrates that the benefits of receiving a COVID-19 vaccine outweigh any known or potential risks. CDC
recommends that pregnant people should be vaccinated against COVID-19. COVID-19 vaccination is
recommended for all people 12 years and older, including people who are pregnant, breastfeeding, trying to
get pregnant now, or might become pregnant in the future.
 
Additionally, we’ve heard reports that clinicians have seen the number of pregnant people infected with
COVID-19 rise in the past several weeks. The increased circulation of the highly contagious Delta variant,
the low vaccine uptake among pregnant people, and the increased risk of severe illness and pregnancy
complications related to COVID-19 infection among pregnant people make vaccination for this population
more urgent than ever.
 
We encourage you to share this these preliminary findings and our strengthened recommendation widely
with your partners and networks and on your organization’s social media pages (graphics are attached as
well as a key message document). CDC is committed to learning about COVID-19 vaccination during

pregnancy and will continue to share new information as it becomes available.  
__________________________________________________________________________________
 
CDC COVID-19 PARTNER UPDATE: VACCINE SAFETY CALL

We invite you to join us for a CDC COVID-19 Partner Update: Vaccine Safety call, Friday, August 13, 2021
from 3:00-4:00PM ET. CDC subject matter experts will provide some remarks and then there will be time for
questions and answers.
 
The call will be held via Zoom and the connection details are noted below. 
 
Connection Details:
You are invited to a Zoom webinar.
When: Aug 13, 2021 03:00 PM Eastern Time (US and Canada)
Topic: CDC COVID-19 Partner Update: Vaccine Safety

Please click the link below to join the webinar:
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https://urldefense.com/v3/__https:/www.researchsquare.com/article/rs-798175/v1__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAc9T1YUL$
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Passcode: 

US: 

 higher quality, dial a number based on your current location):
US: 
Webinar ID: 
Passcode: 
International numbers available: 

_____________________________________________________________________________

PRESENTATIONS ON USE OF $100 VACCINE INCENTIVES

On August 5th, the White House, Department of the Treasury, and Department of Health and Human
Services hosted a meeting for state, territorial, and local government leaders on use of federal dollars for
$100 vaccine incentives to further promote COVID vaccinations.  Incentives may increase the number of
people who choose to get vaccinated, including motivating people to get vaccinated sooner than they
otherwise would have. 
 

The two attached presentations were given during that meeting, and we think you may find them helpful
as you work out your own incentives program and as you consider offering incentives up to $100. 
 
_______________________________________________________________________
 
COMMUNICATION AND EDUCATION INVENTORY UPDATE 8/9/21
 
The CDC COVID-19 Vaccine Task Force maintains a Communication and Education Product Inventory on the
Awardee SharePoint portal in the “COVID-19 > Communication Content” folder. Check out the 'New Content'
tab with the latest webpages.     
        
The product inventory is an index of key content compiled to support awardee needs, organized by product
category and by stakeholder. It is updated at least once a week. Recent updates to the Communication and
Education Product Inventory include:       
 
V-safe Print Resources 
Interim Clinical Considerations for Use of COVID-19 Vaccines Currently Authorized in the United States
Vaccinating Homebound Persons With COVID-19 Vaccine
Ensuring COVID-19 Vaccine Safety in the US 
COVID-19 Vaccination Program Operational Guidance
COVID-19 Vaccine Effectiveness Research
 
 

RESOURCES FOR PARTNERING FOR VACCINE EQUITY
 
Join the National Adult and Influenza Immunization Summit
The NAIIS is dedicated to addressing and resolving adult and influenza immunization issues and improving
the use of vaccines recommended by CDC’s Advisory Committee on Immunization Practices. The NAIIS
consists of over 700 partners, representing more than 130 public and private organizations. Broad-based
leadership of the NAIIS is conducted through the members of the Summit Organizing Committee (SOC).
 
Sign up to receive the Immunization Action Coalition (IAC) Express weekly email
Delivered via email every Wednesday, IAC Express keeps you informed about new and updated vaccine
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https://urldefense.com/v3/__https:/www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafe/printresources.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjATMI4RLL$
https://urldefense.com/v3/__https:/www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjASU7asjM$
https://urldefense.com/v3/__https:/www.cdc.gov/vaccines/covid-19/clinical-considerations/homebound-persons.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjATaoZqjU$
https://urldefense.com/v3/__https:/www.cdc.gov/coronavirus/2019-ncov/vaccines/safety.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAS-kSK2W$
https://urldefense.com/v3/__https:/www.cdc.gov/vaccines/covid-19/covid19-vaccination-guidance.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAfR_MU7c$
https://urldefense.com/v3/__https:/www.cdc.gov/vaccines/covid-19/effectiveness-research/protocols.html__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAdk_VCRZ$
https://urldefense.com/v3/__https:/www.izsummitpartners.org/join-the-summit/__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAd32lDx_$
https://urldefense.com/v3/__https:/www.immunize.org/express/__;!!Db6frn15oIvDD3UI!yrnDSP3zR51RSobNzFE0RYeZPjL4FcSPchq-IXQzIyZ5W-9DS4zem8Q9p5xjAXf4fuWw$


recommendations from the Centers for Disease Control and Prevention and new vaccine licensures by the
Food and Drug Administration. You’ll read about newly posted Vaccine Information Statements (VISs) and
their translations, new immunization education materials from IAC, and the latest resources from CDC and
other organizations.
 
CMS Health Observances: Get Vaccinated During National Immunization Awareness Month
During National Immunization Awareness Month, CMS OMH is encouraging minority and underserved
people to stay up-to-date on routine vaccines and get vaccinated. With the flu season getting closer and the
country continuing to combat COVID-19, we’re calling on providers and communities to help us share
resources that may help high-risk individuals learn about the benefits of vaccines and talk to their providers
about necessary vaccinations. This page contains resources you can share with your community to help them
learn more about the vaccinations that are available at no or low cost under most health coverage.
 
FEMA Releases Emergency Operation Center Toolkit Documents
FEMA has released two Emergency Operations Center (EOC) Toolkit documents. The toolkit is a collection of
guidance and best practices for emergency management, specifically the emergency operations center
community. These documents assist jurisdictions with developing emergency operations centers that can
successfully meet their needs. The toolkit covers topics such as hazard vulnerability assessments, physical
site selection, mitigation, considerations, emergency operations center capabilities and requirements,
information management systems, and training and exercises.
 
SARS-CoV2 Vaccines Information Equity and Demand Creation Project (COVIED)
GHC3 and its partners (project team, including Emory and Johns Hopkins University, and a variety of other
groups) have implemented a systematic approach to provide interpretable, context- and culture-specific
accurate and trusted information about the vaccines to package and deliver this information to susceptible
populations at risk for COVID and demonstrating vaccine hesitancy as a means to substantively reduce the
disproportionate impact of COVID illness and death associated with this pandemic. GHC3 also has a series of
Digital & Social Assets available for (free) download here.
 
Higher-Ed COVID-19 Community of Practice (HECCOP) Student Ambassador Toolkit
Student ambassadors can be a powerful force for behavior change on campus. This toolkit can help you
create a student ambassador program that works for your campus efforts to stop the spread of COVID-19.
We’ve also provided materials that your student ambassadors can use in their outreach efforts: a
Communication Plan, Workshop Lesson Plan, and campaign materials.
 
Partnering for Vaccine Equity Program Website
We are thrilled to announce the launch of our Partnering for Vaccine Equity program website! On this
website you will find information on the partner network, support for partners including the Learning
Community and Data-Informed Technical Assistance, and guides and resources for increasing vaccine equity.
We hope you will take advantage of this central hub for the program and we look forward to adding more
information about other partners in the network soon!
 
Partnering for Vaccine Equity Event Recording
The recording of the Spotlight on Community-Based Organizations (CBOs) event that took place on June 30,
2021, is now available with subtitles and transcripts in English, Spanish, Korean, Vietnamese, and Chinese.
_________________________________________________________________________________

 
2019-2021 VFC MANAGEMENT SURVEY (VMS) NOW AVAILABLE
Grantees:
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The 2019-2021 VFC Management Survey (VMS) is now ready for data entry in PEAR.  The VMS is an annual
survey to collect information on awardee-level vaccine management practices and indicators of program
performance.  As a reminder, this year’s VMS data collection will require two submissions and will cover two
budget periods (7/1/2019 – 6/30/2020 and 7/1/2020 – 6/30/2021).  Once the VMS module is selected under
TOOLS in PEAR, there will be a budget period drop down at the top of the VMS landing page. Two optional
fillable PDFs are available for awardees to complete before entering data into PEAR, if desired.  These can be
accessed from the PEAR HELP TAB under VMS Templates.  

Please complete VMS data entry for both budget periods by October 12, 2021.
 _______________________________________________________________________________

Vaccine Planning                                                                                                       
                                              
                                                                                                                                           
8/4/21 ALL AWARDEE CALL MATERIALS

The completed slide deck from the 8/4 call is available. 

________________________________________________________________________________

WEEKLY READER HIGHLIGHTS

Weekly Reader Highlights related to COVID-19 vaccines were distributed August 9th. 
Key highlights for this week include:

·         We Have a New Name! 
·         MMWR Launches a New Site Focusing on COVID-19 Vaccine Effectiveness and Safety
·         A Message From the Desk of Chris Duggar
·         New Guidance on Coadministration of COVID-19 Vaccine with Other Vaccines
·         Be Sure to Screen for Previous COVID-19 Vaccination
·         School-based Immunization Program FAQs
·         Topline Messages for the Week

 
   Important Dates                                                                                                                       
                                                     
August 1st - 31st: National Immunization Awareness Month 

August 31st: eGratis is permanently closed

September 3rd:  MMWR Published: “National, Regional, State and Selected Local Area Vaccination Coverage
Among Adolescents Aged 13-17 Years – United States, 2020”

 

 
PLEASE DO NOT RESPOND OR REPLY DIRECTLY TO THIS E-MAIL

This message has been sent to program managers and field staff. Please review the individual
announcements for contact information. If you do not see any contact information and need additional
information, please contact your program manager. If you need access to the ISD Awardee SharePoint
site, please contact your supervisor or your CDC project officer for more information.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick,

Connor (CHFS DPH DEHP)
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher Protection than

Previous COVID-19 Infection
Date: Friday, August 6, 2021 12:22:57 PM
Attachments: image002.png

EMBARGOED UNTIL 1PM_Media Statement_MMWR.pdf
MMWR ER - Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — COVID-
NET, 13 States - August 6, 2021.pdf
MMWR ER - Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado -
August 6, 2021.pdf
MMWR ER - Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky - August 6, 2021.pdf

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Sorry for flooding e-mail but this went out to media and has more info than the previous message I
forwarded.
 
I also heard from AP reporter that there is a JAMA article being released today that again finds higher
antibody response after vaccination of previously-infected individuals.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or
entity to which it is addressed and may contain confidential information that is legally privileged and exempt from
disclosure under applicable law.  If the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you have received this
communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov> 
Sent: Friday, August 6, 2021 12:20 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.
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 Media Statement 


 


EMBARGOED FOR 1PM ET 
Friday, August 6, 2021 
  


Contact: CDC Media Relations 
(404) 639-3286 


  


New CDC Study: Vaccination Offers Higher Protection than Previous 


COVID-19 Infection 


 


In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were 


previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as 


likely to be reinfected with COVID-19 than those who were fully vaccinated after initially 


contracting the virus. These data further indicate that COVID-19 vaccines offer better protection 


than natural immunity alone and that vaccines, even after prior infection, help prevent 


reinfections.   


 


“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle 


Walensky. “This study shows you are twice as likely to get infected again if you are 


unvaccinated. Getting the vaccine is the best way to protect yourself and others around you, 


especially as the more contagious Delta variant spreads around the country.” 


 


The study of hundreds of Kentucky residents with previous infections through June 2021 found 


that those who were unvaccinated had 2.34 times the odds of reinfection compared with those 


who were fully vaccinated.  The findings suggest that among people who have had COVID-19 


previously, getting fully vaccinated provides additional protection against reinfection.  


 


Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related 


hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, 


the data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent 


COVID-19.  


 


COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and 


death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially 


vaccinated vaccines make people more likely to have a milder and shorter illness compared to 


those who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated 


against COVID-19. 
 
 
 


### 
  


U.S. Department of Health and Human Services 



http://www.hhs.gov/





  


CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at 


home or abroad, are curable or preventable, chronic or acute, or from human activity or 


deliberate attack, CDC responds to America’s most pressing health threats. CDC is 


headquartered in Atlanta and has experts located throughout the United States and the world. 
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U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Morbidity and Mortality Weekly Report


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network.
* COVID-NET data included in this analysis were from the following states: California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, New Mexico, 


New York, Ohio, Oregon, Tennessee, and Utah.
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
Descents. No other potential conflicts of interest were disclosed.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.



https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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This went out to CDC’s media list while we were talking to Mike.  Just FYI 
 

From: Media@cdc.gov (CDC) <sohco@cdc.gov> 
Sent: Friday, August 6, 2021 11:49 AM
To: Media@cdc.gov (CDC) <sohco@cdc.gov>
Subject: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

The MMWR is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 
August 6, 2021
 
Please see the attached E-books for:
 
“Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
“Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
“Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w

Thank you,

CDC News Media Branch
404-639-3286
 

The Media Statement is Embargoed until Friday, August 6, 2021 at 1PM ET
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Contact: CDC Media Relations
(404) 639-3286

 

New CDC Study: Vaccination Offers Higher Protection than Previous
COVID-19 Infection

In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were
previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as
likely to be reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better protection
than natural immunity alone and that vaccines, even after prior infection, help prevent reinfections. 
 
“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle
Walensky. “This study shows you are twice as likely to get infected again if you are unvaccinated.
Getting the vaccine is the best way to protect yourself and others around you, especially as the more
contagious Delta variant spreads around the country.”
 
The study of hundreds of Kentucky residents with previous infections through June 2021 found that
those who were unvaccinated had 2.34 times the odds of reinfection compared with those who were
fully vaccinated.  The findings suggest that among people who have had COVID-19 previously,
getting fully vaccinated provides additional protection against reinfection.
 
Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related
hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, the
data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent COVID-19.
 
COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and
death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially
vaccinated vaccines make people more likely to have a milder and shorter illness compared to those
who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against
COVID-19.
 
 
 

###
 

U.S. Department of Health and Human Services
 

CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at home
or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate

attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta
and has experts located throughout the United States and the world.
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Hi all,
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Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
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Please find attached track and clean changes of manuscript, Table 1, and Table 2.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but the vaccine series was either not complete or final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

[bookmark: _GoBack]All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Some persons previously infectedWhether individuals previously infected with with SARS-CoV-2, the virus that causes COVID-19, reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity need to receive COVID vaccination is a frequently asked question.*(1),  potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection All eligible persons should be encouraged offered vaccination, even if they have been previously-infected with SARS-CoV-2,to be fully vaccinated to reduce their risk of future  infectionreinfection.† 	Comment by Office of Science: Required: Please provide an appropriate reference to support this assertion. Reference 1 does not appear to be about vaccine hesitancy among previously infected people. The sentence itself is awkward and needs to be revised	Comment by Office of Science: Required: Flip your comparison group to show protective odds ratio, which will make it easier to understand.	Comment by Office of Science: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
 
Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (34). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (45).	Comment by Office of Science: Required: May 1, 2021? Please clarify inline	Comment by Office of Science: Required: Shouldn’t this be during May1, 2021—June 30, 2021? Did you look for reinfections prior to May 1, 2021?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This is correct. All those with reinfections prior to June 30 were excluded. 

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, pPartiallly vaccination ted was defined as receipt of (i.e. at least one dose of vaccine but the vaccine series was either not complete or final dose was not received at least 14 days before reinfection date of case-patient.), and unvaccinated. Using conditional logistic regressionn models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Office of Science: Required: No need for this – delete.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Office of Science: Required: See comment in Table 3 - combine Table 2 and Table 3, and change your narratives accordingly.	Comment by Office of Science: Required: Change your narrative this way to make it easier to understand.

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinatedoffered  against COVID-19 vaccination, irrespective regardless of prior SARS-CoV-2 infection status.¶ †	Comment by Office of Science: Editorial suggestion

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (56). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (67). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wais associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.500.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Office of Science: Suggested: Cite some of the existing literature on duration of viral shedding

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfectedhad less than half the odds of reinfection compared to those with no vaccination. Persons with previous SARS-CoV-2All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections infections should be encouraged to be vaccinated to reduce their risk of future reinfection. 	Comment by Office of Science: Required: Change this narrative based on the changes above.	Comment by Office of Science: Required: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
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 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ §See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is lLimited evidence to date exists whether available on the protection afforded by vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 	Comment by Office of Science: Suggestion: Currently, there is only limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with lessOdds of being fully vaccinated (versus being unvaccinated) were  than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  2.34 times as high in the group of previously infected persons who were not reinfected in this case-control study. 	Comment by Office of Science: Required: Change the narratives based on the suggested change in the main text and tables. 

What are the implications for public health practice?

[bookmark: _GoBack]All eligible persons should be offered vaccine, even those Persons with previous SARS-CoV-2 infection, should be encouraged to be fully vaccinated to reduce their risk of future infectionreinfection.	Comment by Office of Science: See comments above regarding using CDC guidance language
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[bookmark: _GoBack]TABLE 2. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Case-patients*

		Controls†

		

		Case-patients*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.43 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.64 (0.33-1.23)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




	Comment by Office of Science: Required: Please combine Table 1 and Table 2 into one table below. Change your footnotes accordingly.

TABLE 32. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		[bookmark: _GoBack]1.0 (Ref)







		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Case-patients*

		Controls†

		

		Case-patients*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.43 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.64 (0.33-1.23)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).



Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
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Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
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The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
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Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
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To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
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OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
 

eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description
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Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021

Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other

Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.

 

IR#0588 - KT DPH - Production_000055



From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review
Date: Thursday, August 5, 2021 1:54:11 PM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review.docx

Reinfection - vaccination status FINAL TO DTP.docx

Hi all,
 
Here is the revised Comms package, not yet fully approved.  If you think there needs to be additional
edits, let me know before 4 pm.
 
Interestingly, a comment by the media team made me recognize an edit needed for final proof.  
December 31 to May 1 is (>4 months) not (>=5 months) as stated in discussion. 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Thursday, August 5, 2021 1:28 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
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Tick Tock (For Early Release)

On Publication Date

· 11 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 1 pm ET: Embargo lifts 

· After 1 pm ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection compared with that from natural infection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Compared to what? Report calls it “infection-acquired immunity”. Think best to be explicit unless there is a scientific reason not to be per authors.	Comment by Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD): There is no reason to not to but it gets a bit tricky here since some of those in this study were originally infected March-April and we don't yet fully understand how long natural immunity would last.  My suggestion would be to focus on the message that Among people who previously had COVID-19, those who were  fully vaccinated were less likely to be reinfected.  





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



Investigators evaluated COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System and Kentucky immunization registry. They found that compared with Kentucky residents who completed vaccination, not being vaccinated was associated with more than double the odds of reinfection.	Comment by Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD): If you would like to include dates, I can add but just including March-December is a bit misleading here. Initial infections for both cases and controls were in March-June 2020.   Cases were reinfections in May-June 2021. Controls remained free of reinfection through June 2021.



Although not common, COVID-19 reinfections do occur. Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. This report looks at the association between vaccination and reinfection during May or June 2021 among people previously infected in 2020. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Because this timeframe is mentioned, I think important to mention that the study was of a longer timeframe

This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. 

Note that May is at least 4 months since 2020 (which is longer than the at least 90 days we think people have immunity)

To reduce their likelihood of future infection, all eligible people should be offered COVID-19 vaccine—even those who previously had COVID-19. 



Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs

Cell Phone: 502-226-0345

Email Address: susan.dunlap@ky.go



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone: 502-564-3261, ext. 4231

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.
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1 Recommended Social Media Posting for General Audience (for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR finds that people who previously had COVID-19 and were unvaccinated had more than twice the odds of getting COVID-19 again compared to those who were fully vaccinated. People who have had COVID-19 should get vaccinated to prevent getting COVID-19 again. Read more: [Link to report]


General Twitter 

A new @CDCMMWR finds a COVID-19 vaccine gives more protection for those who have already had #COVID19 infections. People who previously had COVID-19 should still get a COVID-19 vaccine to reduce their risk of getting COVID-19 again. Read more: [LINK to report]	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Can we use more plain language in the facebook and twitter post? Terms that would be good to replace , if possible, are reinfection, previously infected, maybe vaccinated? What is the reding leading for a general audience—maybe 7-10 grade? I am not sure what we are aiming for but likely best to avoid 3 and 4 syllable words and medical terms.

Vaccination could be replaced with “A COVID vaccine”, “provides” with “gives” 





1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous #COVID-19 infection to be #vaccinated to reduce the risk of reinfection. [LINK to report]
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: coi_disclosure_kwinter_ Revised - please confirm
Date: Monday, August 2, 2021 9:16:17 AM
Attachments: coi_disclosure_kwinter_revised.docx

Kathleen,
 
You checked off the bottom “x” that you have no COI.  I added an x to each of the 13 marks next to
the “none.”  I wanted to make sure to get your okay/approval on this revised form and that it is
correct.  Can you please confirm this is okay and/or revise and send back?
 
Thanks,
Alyson

IR#0588 - KT DPH - Production_000057

mailto:alyson.cavanaugh@ky.gov
mailto:kathleen.winter@ky.gov

                                                                     ICMJE DISCLOSURE FORM



Date:___8/1/2021_____________________________________________________________________________

Your Name:__Kathleen Winter_________________________________________________________________________

Manuscript Title:_ Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Manuscript number (if known):__________________________________________________________________





In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are 

related to the content of your manuscript. “Related” means any relation with for-profit or not-for-profit third 

parties whose interests may be affected by the content of the manuscript. Disclosure represents a commitment 

to transparency and does not necessarily indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so.  



[bookmark: _Hlk55549535][bookmark: _Hlk56020555]The following questions apply to the author’s relationships/activities/interests as they relate to the current 

manuscript only.



The author’s relationships/activities/interests should be defined broadly. For example, if your manuscript pertains 

to the epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if that medication is not mentioned in the manuscript. 



In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, 

the time frame for disclosure is the past 36 months.  





		

		

		Name all entities with whom you have this relationship or indicate none (add rows as needed)

		Specifications/Comments

(e.g., if payments were made to you or to your institution)



		Time frame: Since the initial planning of the work



		1

		All support for the present manuscript (e.g., funding, provision of study materials, medical writing, article processing charges, etc.) 

No time limit for this item.

		__x__  None



		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		Time frame: past 36 months



		2

		Grants or contracts from any entity (if not indicated in item #1 above).

		__x__  None



		



		

		

		

		



		

		

		

		



		[bookmark: _Hlk52992079]3

		Royalties or licenses 



		__x__  None



		



		

		

		

		



		

		

		

		



		4

		Consulting fees



		__x__  None



		



		

		

		

		



		

		

		

		



		5

		Payment or honoraria for lectures, presentations, speakers bureaus, manuscript writing or educational events

		__x__  None



		



		

		

		

		



		

		

		

		



		6

		Payment for expert testimony



		__x__  None



		



		

		

		

		



		

		

		

		



		7

		Support for attending meetings and/or travel

		__x__  None

		



		

		

		

		



		

		

		

		



		8

		Patents planned, issued or pending

		_x___  None



		



		

		

		

		



		

		

		

		



		9

		Participation on a Data 

Safety Monitoring Board or Advisory Board 

		_x___  None



		



		

		

		

		



		

		

		

		



		10

		Leadership or fiduciary role in other board, society, committee or advocacy group, paid or unpaid

		__x__  None



		



		

		

		

		



		

		

		

		



		11

		Stock or stock options



		_x___  None



		



		

		

		

		



		

		

		

		



		12

		Receipt of equipment,   materials, drugs, medical writing, gifts or other services

		__x__  None



		



		

		

		

		



		

		

		

		



		13

		Other financial or non-financial interests 

		__x__  None



		



		

		

		

		



		

		

		

		











Please place an “X” next to the following statement to indicate your agreement:

 

_X_  I certify that I have answered every question and have not altered the wording of any of the questions on this 

         form.





From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: Final comments - revisions in analysis
Date: Tuesday, August 3, 2021 7:07:06 PM
Attachments: COPY_EOC_Cavanaugh_08.02_clean_for_OS-OS-BPZ.docx

COPY_EOC_TABLE 1_08.02.21_clean_For_OS-BPZ.docx
COPY_EOC_TABLE 2_08.02.21_cleanFor_OS-BPZ.docx
COPY_EOC_TABLE 3_08.2.21_clean_For_OS-BPZ.docx

Importance: High

FYI - They have requested we flip the OR using essentially comparing cases to controls with no
vaccination as reference group.  It will place all of our OR below 1.  I can do this, but find this harder to
interpret. 
 
Other comments are much easier to address. 

Dr. Spicer – if you have any good resources for length of viral shedding at your fingertips, let me know. 
Otherwise I can find.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,

IR#0588 - KT DPH - Production_000058

mailto:alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kevin.spicer@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:Alyson.cavanaugh@ky.gov







Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 
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[bookmark: _Hlk78635231][bookmark: _Hlk78878595]Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of re-infection (OR=0.42, 95% CI: 0.29-0.63).  Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by Office of Science: Required: Please provide an appropriate reference to support this assertion. Reference 1 does not appear to be about vaccine hesitancy among previously infected people. The sentence itself is awkward and needs to be revised	Comment by Office of Science: Required: Flip your comparison group to show protective odds ratio, which will make it easier to understand.	Comment by Office of Science: Please use language from the CDC guidance-
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Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Office of Science: Required: May 1, 2021? Please clarify inline	Comment by Office of Science: Required: Shouldn’t this be during May1, 2021—June 30, 2021? Did you look for reinfections prior to May 1, 2021?

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e., at least one dose of vaccine but vaccine series not complete at least 14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Office of Science: Required: No need for this – delete.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of re-infection (OR=0.42, 95% CI: 0.29-0.63); those who were partially vaccinated were associated two-thirds the odds of re-infection, although the association was not statistically significant (OR=0.66, 95% CI: 0.37-1.22). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Office of Science: Required: See comment in Table 3 - combine Table 2 and Table 3, and change your narratives accordingly.	Comment by Office of Science: Required: Change your narrative this way to make it easier to understand.

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinated against COVID-19, irrespective regardless of prior SARS-CoV-2 infection status.¶ 	Comment by Office of Science: Editorial suggestion

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (7). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination is associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Office of Science: Suggested: Cite some of the existing literature on duration of viral shedding

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Office of Science: Required: Change this narrative based on the changes above.	Comment by Office of Science: Required: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
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* https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 	Comment by Office of Science: Suggestion: Currently, there is only limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, the oOdds of being fully vaccinated (versus being unvaccinated) were 2.34 times higher as high in the group of previously infected persons who were not reinfected in this case-control study. 	Comment by Office of Science: Required: Change the narratives based on the suggested change in the main text and tables. 

What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by Office of Science: See comments above regarding using CDC guidance language
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021	Comment by Office of Science: Combine Table 2 and Table 3 into one table, shown in Table 3.

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.3)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient, for controls).  






	Comment by Office of Science: Required: Please combine Table 1 and Table 2 into one table below. Change your footnotes accordingly.

TABLE 32. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)







		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Cases*

		Controls†

		

		Cases*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.42 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.66 (0.37-1.22)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  
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vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: actual numbers, please? -DRAFT response
Date: Wednesday, August 11, 2021 8:39:46 AM
Attachments: actual numbers_response.docx

Good morning,
This is a message received in regards to MMWR.  Attached is drafted response.  Please let me know
if you think any additional changes to the drafted response are needed.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
   
 
 

From: Matt Birchmeier <mjbirchmeier@hotmail.com> 
Sent: Saturday, August 7, 2021 8:30 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: actual numbers, please?
 
Dr. Cavanaugh,
I read with interest your article here.  However, as one PhD scientist to another, I found that
the text you presented was completely lacking in a very important detail: what was the actual
odds of someone who has previously been infected, of becoming re-infected during the
study?  You cite the 2.3X higher risk, but it matters greatly whether the risk of reinfection is
0.1% or 1% or 10% or 90%.  Certainly, those numbers were generated during your study.  You
should present them.  The Missouri study that I linked below found a <1% rate of reinfection
among those who had significant illnesses.  Furthermore, particularly hard hit areas like
Detroit, Michigan, still seem to be benefiting from a strong degree of natural immunity, 1+
year after the worst of the pandemic, in spite of a low vaccination rate.
 
There is a very good argument that the benefits of vaccinating previously infected people in
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Thank you for your inquiry and suggestions.



[bookmark: _GoBack]Reinfections are uncommon, and several observation studies have shown significantly lower incidence of infection among those with prior SARS-CoV-2 infections compared to those without previous infections.  For this MMWR, analyses did not include the comparison of those with and without prior infections to determine odds of reinfection compared to odds of infection among those without infections.  However, there is current work ongoing to detail the incidence rate ratios between the two groups, and we hope to publish this information shortly.  In the meantime, the actual number of reinfections in Kentucky in May-June 2021 are available in the report.  There were 246 reinfection cases identified in adults aged 18 years or older, who were first infected in 2020.  



V/R,





the US are less than the benefit of vaccinating naive populations elsewhere in the world.  That
question may be an ethical debate for another day.  But hopefully you can see that the
absolute numbers around reinfection are important in that debate!  If the risk of reinfection is
90%, then certainly that vaccination in Kentucky is important, both from an ethical and policy
perspective.  If the risk of reinfection is 0.7%, then perhaps someone in Vietnam should
receive that dose.
 
Please update your publication at the earliest opportunity, to better inform the American
public of what the true risks around COVID are.  Most media outlets seem content to scare
people rather than truly inform them; I would hope for much better from the CDC.  We CAN
handle the truth, if only you would tell the whole truth.
 
Best regards,
Matthew J. Birchmeier, Ph.D.
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w

Reduced Risk of
Reinfection with SARS-
CoV-2 After COVID-19
Vaccination — Kentucky,
May–June 2021 | MMWR
Although laboratory evidence suggests
that antibody responses following
COVID-19 vaccination provide better
neutralization of some circulating
variants than does natural infection (1,2),
few real-world epidemiologic studies

     
   
     

    
  

www.cdc.gov

 
 
 
 
https://medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-
severe-illness

Study Finds COVID-19
Reinfection Rate Less Than
1% for Those with Severe
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Illness - MU School of
Medicine
A review of more than 9,000 U.S.
patients with severe COVID-19 infection
showed less than 1% contracted the
illness again, with an average reinfection
time of 3.5 months after an initial
positive test. Those are the findings from
     

     
    

medicine.missouri.edu
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 8:33:15 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy.docx

They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerningthe protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was confirmedwere identified by positive NAAT or antigen test results during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
 

IR#0588 - KT DPH - Production_000069

mailto:gdamon@cdc.gov


From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor (CHFS

DPH DEHP)
Subject: FW: Comments on report no. 1464
Date: Tuesday, July 27, 2021 6:23:44 PM
Attachments: Cavanaugh_1464_JG.docx

FIGURE_JG.docx
TABLE 1_JG.docx
TABLE 2_JG.docx
TABLE 3_JG.docx

Hi all,
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·       I agree with suggestion to use Figure 1 in supplemental and include the three tables in the MMWR.
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vaccine task force.  Any suggestions for shortening would be appreciated, but I think some talk on the topic
is needed.
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I plan to resubmit early morning (6am ish) on 7/29/21. The next submission step is higher levels of CDC clearance
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons why that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2, reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity .(1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization to of some circulating variants than does natural infection (2, 3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19,  reinfection cases occurring in Kentucky in during May through and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free of from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free of from re-infection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 

Methods:

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 yearsor older, with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion (Figure A). NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased cases patients reported to or investigated by public health authorities.( (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases with resulting in deaths before May 1. A cCase-patients wasere defined as Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, . dDeferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, while although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June might more accurately reflect choice rather than eligibility to be vaccinated than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free of from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available.. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case. (5).

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A personn individual was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 or more days before the case-patient’s reinfection date of the case. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence suggests that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), . Therefore, to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized vaccination status as into fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥at least 14 days before reinfection date of case-patient), and no vaccination. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patientes versus and controls and . A secondary analysis categorized vaccination status into full vaccination, to partial vaccination, and no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Results:

InOverall total, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected duringin October– through December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared to with 34.4% of controls (Table 2). Previously infected persons who remained free of from reinfection were 2.23 times as likely (95% CI = 1.51-–3.28) to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination vs no vaccination was not significantly associated with reinfection compared with no vaccination  (OR =: 1.50; 95% CI = 0.82–2.73).

Discussion:

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection in during May– through June 2021. This finding evidence supports the Advisory Committee on Immunization Practices’ recommendation that to vaccinate all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well- documented).() (7). Reinfections with SARS-CoV-2 hasve been documented in the literature, but the scientific understanding of natural infection-acquired postinfection immunity and reinfection risk is still emerging .(8). The duration of post-infection iimmunity resulting from natural infection, while although not fully well understood, is suspected to persist for at least 90 days for in most persons.¶ 

The emergence of new variants might affect the duration of postinfection infection-acquired immunity. In Kentucky, in May and June, 2021, the Alpha variant, (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern .(2, 3). A recent laboratory study found that samong previously infected persons, sera collected from previously infected persons before they were vaccinated pre-vaccination provided a relatively weaker, and in some casestimes absent, neutralization response to the Beta variant (B.1.351) when compared to with the original Wuhan-Hu-1 strain.( (9). Sera from the same persons followingpost-v vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected individual person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, tto date there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings of this report suggest that among previously infected persons, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

Previous studies have suggested a strong immune response among previously infected persons after a single dose of mRNA vaccine.( (6, 10). The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference if one existed. In addition, the partially vaccinated categorization includes those recently vaccinated as well as those who received a single dose of mRNA vaccine more than 14 days priorearlier, thus grouping together those who would and would not have had adequate time to boost mount an immune response. Although partial vaccination did not confer a statistically significant protective effect in this study, the point estimate of the odds ratio (1.50) While not statistically significant, theodds ratio >1is suggestive of a protective effect of partial vaccination on reinfection that is in lineconsistent with findings of previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected compared with titers in those who were not (6,10) . Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full vaccination versus. not full vaccination OR = 2.23; fully vaccination versus. no vaccination OR = 2.34).  	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Because the paper is already long, suggest shortening this section considerably.

The findings in this study report is subject to at least four has limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control designsstudies, the retrospective design could allow for the influence of unmeasured confounders. While Although case-patients and controls weare matched on age, gender, and date of initial infection, other unknown confounders might be present. 

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for those persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 reinfections are uncommon but possiblehave been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who remained free ofwere not reinfectedion. Odds of being fully vaccinatedion versus no vaccination (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free of from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk of for reinfection.























 






FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Suggest including this as a supplementary figure (which will be archived in CDC-Stacks and will have a clickable link within the report) since you have also submitted 3 tables, and the limit is 3 tables and/or figures in any combination

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)





EXCLUDED:

Age <18 yrs  (n = 16)







Potential Controls

n = 245,539









Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  This without a NEDSS ID were excluded because of inability to determine reinfection status.
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FIGURE. Inclusion criteria for case-control evaluation of reinfections and 


vaccination history — Kentucky, May–June 2021 


  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Abbreviations: NAAT, nucleic acid amplification test 


*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test 


results and new infections.  This without a NEDSS ID were excluded because of inability to determine 


reinfection status. 


EXCLUDED: 


Age <18 yrs  (n = 16) 


EXCLUDED: 


Age <18 yrs (n = 27,516) 


Missing gender (n=2,369) 


 


Previously infected but not identified as 


being reinfected May-June 30, 2021                                  


n = 275,424 


Reinfection Cases 


n = 246 


Potential Controls 


n = 245,539 


Matched Controls 


n = 492 


EXCLUDED: 


Deceased before May 1 (n = 5,717) 


Missing NEDSS ID* (n = 43) 


Reinfection before May 1 (n = 2,296) 


SARS-CoV-2 Cases identified by NAAT or 


antigen testing — March–Dec 31, 2020  


n = 283,480 


SARS-CoV-2 Reinfection Cases identified by 


NAAT or antigen testing May–June 30, 2021 


n = 262 



TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Any statistically significant differences between case-patients and controls?

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).
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TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 


2021 


Characteristic 


No. (%) 


Case-patients* (n = 246) Controls


†


 (n = 492) 


Age (yrs) 


18–29 46 (18.7) 89 (18.1) 


30–39 37 (15.0) 83 (16.9) 


40–49 43 (17.5) 80 (16.3) 


50–59 44 (17.9) 88 (17.9) 


60–69 27 (11.0) 51 (10.4) 


70–79 28 (11.4) 58 (11.8) 


=80 21 (8.5) 43 (8.7) 


Sex 


Female 149 (60.6) 298 (60.6) 


Month of initial infection in 2020 


March 0 (0) 3 (0.6) 


April  7 (2.9) 11 (2.2) 


May  2 (0.8) 2 (0.4) 


June 4 (1.6) 11 (2.2) 


July  8 (3.3) 17 (3.5) 


August 8 (3.3) 13 (2.6) 


September 13 (5.3) 22 (4.5) 


October  36 (14.6) 78 (15.9) 


November 72 (29.3) 141 (28.7) 


December 96 (39.0) 194 (39.4) 


* Cases were eligible for inclusion if initial infection occurred during March–December 2020, 


and a subsequent positive nucleic acid amplification or antigen test result was received during 


May–June 2021 (using date of specimen collection). Cases for analyses were restricted to 


individuals at least 18 years at time of reinfection. 


†


 Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis 


(within 7 days). 



TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  
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TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-


patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, 


May–June 2021 


Vaccination Status 


No. (%) 


Case-patients* Controls* 


Fully vaccinated


†


 50 (20.3) 169 (34.4) 


Partially vaccinated


§


 17 (6.9) 39 (7.9) 


Not vaccinated 179 (72.8) 284 (57.7) 


Total 246 492 


* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid 


amplification test (NAAT) or antigen test during March through December 2020. Reinfection 


cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during 


May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age 


(within 3 years), and date of initial infection diagnosis (within 7 days).  


†


 Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received 


a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if 


vaccination was complete 14 days prior to reinfection date of matched case.  


§ 


Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was 


not complete by 14 days prior to reinfection date of case.   





TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  
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TABLE 3. Association of COVID-19 vaccination status and reinfection with 


SARS-CoV-2 — Kentucky, May–June 2021 


Vaccination status Odds Ratio (95% CI) 


Fully vaccinated* 2.23 (1.51–2.28) 


Not fully vaccinated 1.0 (Ref) 


Fully vaccinated* 2.34 (1.58–3.47) 


Partially vaccinated


†


 1.50 (0.82–2.73) 


No doses received 1.0 (Ref) 


Abbreviation: Ref = referent. 


All case-patients and controls had prior SARS-CoV-2 infection documented by positive 


nucleic acid amplification test (NAAT) or antigen test during March through December 


2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) 


or antigen test during May 1, 2021 through June 30, 2021  


Case-patients and controls were matched by gender, age (within 3 years), and date of 


initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic 


regression.  


* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series 


was received a minimum of 14 days prior to reinfection date. Controls were considered 


fully vaccinated if vaccination was complete 14 days prior to reinfection date of 


matched case.  


† 


Partial vaccination is categorized as receipt of at least one dose of vaccine, but series 


was not complete by 14 days prior to reinfection date of case.   




Subject: Comments on report no. 1464
 
Dear Dr. Cavanaugh,
I appreciated the opportunity to review your draft manuscript (Reduced risk of reinfection with SARS-CoV-2
after COVID-19 vaccination — Kentucky, May–June 2021) on behalf of MMWR before it undergoes further
COVID-19 Response pre-clearance and JIC clearance.

I’ve made a number of edits to your manuscript in track changes in the attached files to enhance clarity and
to further align with MMWR author guidelines, and have also included some comments and questions. You
do not need to accept any edits that may have inadvertently introduced inaccuracies or deviated from the
original intent of the narrative. However, please accept all other edits and make a concerted effort to
address the comments and questions before sending a clean version to the next stage of pre-clearance. This
will ultimately help facilitate more timely processing of the manuscript once it is eventually submitted
to MMWR for official consideration of publication.  

Please pay attention to the following:

1. MMWR reports are allowed to have a maximum of 3 tables and/or figures in any combination; you
have submitted 3 tables and 1 figure; I suggest that you make the figure a supplementary figure; it will
be archived in CDC Stacks, and there will be a clickable link within the report to access it.

2. I formatted your tables for MMWR; in the future, please be aware that table cells cannot have any
hard returns nor can there be any empty cells.

In accordance with the current COVID-19 Response clearance protocol, your next step is to
simultaneously send clean copies of your manuscript files to both the Strategic Science Unit
(SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-
clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is copied on your
submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then
be submitted to the Response JIC for clearance. Once cleared by JIC, you will then be directed to submit
the manuscript to MMWR via ScholarOne (https://mc.manuscriptcentral.com/mmwr); at that time, please
remember to include an ICMJE conflict of interest form for each co-author with your submission. If there is
a group author on the byline, then the persons listed in the group will be indexed in PubMed as
contributors rather than authors, and no ICMJE form is necessary for those persons.

As your manuscript continues through clearance, please remember that MMWR allows up to 1,650 words
for COVID-19 reports and up to 10 references. You and your coauthors will likely receive requests for
additional narrative to be added from the next several reviewers; but please ensure that the final submission
to MMWR is less than 1,650 words with no more than 10 references or it will require another round of
editorial review, which could delay processing of the report. 

Please let me know if you have any questions.
With kind regards,
 
Jacqueline Gindler, MD
Editor, MMWR Weekly
404-639-8829
jgindler@cdc.gov
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Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
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Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



In an evaluation of COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System from March–December, previously infected Kentucky residents who remained free of reinfection were two times as likely to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected.



COVID-19 immunity is not long-lasting, and reinfections have been well-documented. Based on current and developing knowledge, the duration of post-infection immunity is suspected be 90 days for most people.

The findings of this report suggest that among previously infected people, lack of vaccination is associated with reinfection and full vaccination is associated with remaining free of reinfection. Individuals with previous COVID-19 infections should be vaccinated to reduce the risk of reinfection.
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1 Recommended Social Media Posting for General Audience (if there is no general audience messaging for the report please note that)

(for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR found that unvaccinated people who previously had COVID-19 are two times more likely to get reinfected with COVID-19 than vaccinated people who previously had COVID-19. People who have had COVID-19 should get vaccinated to prevent reinfection. 


General Twitter 

A new @CDCMMWR finds vaccination provides additional more protection for those who have already had #COVID-19 infections. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. Read more: [LINK to report]	Comment by Douglas, Myron (CDC/DDNID/NCEH/DEHSP): If this is for a general twitter, this change was to make it plain language.



1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new CDC MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous COVID-19 infection to be vaccinated to reduce the risk of reinfection. [LINK to report]
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Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hey Shelton—
 
The autosave feature did not work for me. Please find JIC Content’s changes attached.
 
-Myron D.
 

From: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov> 
Sent: Friday, July 30, 2021 5:04 PM
To: Hardie, Ann (CDC/DDID/NCIRD/OD) <qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC)
<gnf0@cdc.gov>; Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov>; CDC IMS JIC Media
-2 <eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hi all,
 
Linked below is the comms package for the MMWR Reduced Risk of Reinfection with SARS-CoV-2
After COVID-19 Vaccination — Kentucky, May–June 2021
 
Will you please provide any edits/comments by COB Monday, August 2?
 
A copy of the report is attached for reference.
 

 COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance
Review.docx
 
Thanks,

Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
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vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance Review
Date: Thursday, August 5, 2021 11:37:13 AM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance Review.docx

This is still a draft and hasn’t been approved.  There still need to be some additional changes based
on most recent version of manuscript.
 
I believe we will have final version today.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Thursday, August 5, 2021 11:15 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for
Clearance Review
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Tick Tock (For Early Release)

On Publication Date

· 9 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 11 am ET: embargo lifts 

· After 11 am ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



In an evaluation of COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System and Kentucky Immunization registry, previously infected Kentucky residents who were vaccinated had less than half the odds of reinfection compared to those previously infected without vaccination..



 Although not common, COVID-19 reinfections do occur. Based on current  knowledge, the duration of post-infection immunity is at least 90 days for most people.

The findings of this report suggest that, among people with prior COVID-19, those who were fully vaccinated had lower risk of reinfection compared to those who were unvaccinated.  Individuals with previous COVID-19 infections should be vaccinated to reduce the risk of reinfection. 







Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs

Office Phone: 

Cell Phone: (502) 226-0345

Email Address: susan.dunlap@ky.gov



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone: 502-564-3261 x4231

Cell Phone: 

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.







To find stock images available in MMWR’s Getty package, visit: https://www.gettyimages.com/landing/pa-preview/expanded/85115 (ensure you are in guest preview; link works best if pasted directly into your browser)





To see MMWR’s generic graphic options, visit: https://cdc.sharepoint.com/sites/CSELS/MMWR/COVID19%20Communication%20Packages/Forms/AllItems.aspx?viewid=dfb37dca%2D441a%2D4fe5%2D8fe0%2D40f6584293f3&id=%2Fsites%2FCSELS%2FMMWR%2FCOVID19%20Communication%20Packages%2FGeneric%20Graphics 
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1 Recommended Social Media Posting for General Audience (if there is no general audience messaging for the report please note that)

(for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR finds that people who previously had COVID-19 and were reinfected were more than two times more likely to have been unvaccinated compared to people who previously had COVID-19 and remained free of reinfection. People who have had COVID-19 should get vaccinated to prevent reinfection. Learn more: 


General Twitter 

A new @CDCMMWR finds vaccination provides more protection for those who have already had #COVID19 infections. People previously infected should still get vaccinated to reduce their risk of reinfection. Read more: [LINK to report]



1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new CDC MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous #COVID-19 infection to be #vaccinated to reduce the risk of reinfection. [LINK to report]
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From: Winter, Kathleen T.
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: Fw: Data Science question on your paper "Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19

Vaccination- Kentucky, May June 2021"
Date: Sunday, August 15, 2021 8:40:19 PM
Attachments: Reduced Risk of Reinfection_KY.pdf

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Kathleen Winter, PhD, MPH
Assistant Professor
Department of Epidemiology
College of Public Health
University of Kentucky

From: Smith, Timothy A. <smitht1@erau.edu>
Sent: Friday, August 13, 2021 3:13 PM
To: Winter, Kathleen T. <kathleen.winter@uky.edu>
Subject: Data Science question on your paper "Reduced Risk of Reinfection with SARS-CoV-2 After
COVID-19 Vaccination- Kentucky, May June 2021"
 
CAUTION: External Sender

Hey Kathleen, my name is Tim and I’m a maths stats research professor & program coordinator of a
MS in Data Science at a private university down here in Florida. First and foremost I would like to say
thank you for your research and sharing such important work during these crucial times!!
 
Now, if you would be kind enough I had a question regarding this work and possibly a suggestion for
further investigation that might be worthy to discuss. Namely, I reviewed the comments made in the
discussion section near the end of page 2 “The findings in this report are subject to at least five…”
 And, I was curious to ask if you’d be interested to perhaps use some machine learning type methods
to train a model and then adjust the data set to adjust accordingly for things such as the issue noted
in the third comment within that section of the paper regarding the likelihood of vaccinated people
to get tested or not get tested when compared to the unvaccinated. I am confident that doing so
would maintain your big picture conclusion of 2.34, but would remove that threat of validity.
I feel this work is showing us some extremely important information, and anything that could be
done in the data analysis ( e.g. my domain ) to generalize would be worthy to consider as hopefully
the methods behind this study will be picked up by other states or countries for larger data sets,
hence generalization which would be so important for global vaccination challenges such as who to
prioritize. Moreover, while I’m not a super big researcher – I did some work years back in financial
modeling stock market stuff but recently I’ve been sucked into a somewhat administrative role
which keeps me to busy to think   -  the idea I’m thinking about here should be somewhat routine to
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Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


On August 6, 2021, this report was posted as an MMWR Early 
Release on the MMWR website (https://www.cdc.gov/mmwr).


Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 
with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 
vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


Reinfection with SARS-CoV-2 has been documented, 
but the scientific understanding of natural infection-derived 
immunity is still emerging (5). The duration of immunity 
resulting from natural infection, although not well under-
stood, is suspected to persist for ≥90 days in most persons.** 
The emergence of new variants might affect the duration of 
infection-acquired immunity, and laboratory studies have 
shown that sera from previously infected persons might offer 
weak or inconsistent responses against several variants of con-
cern (2,6). For example, a recent laboratory study found that 
sera collected from previously infected persons before they 
were vaccinated provided a relatively weaker, and in some cases 
absent, neutralization response to the B.1.351 (Beta) variant 
when compared with the original Wuhan-Hu-1 strain (1). Sera 
from the same persons after vaccination showed a heightened 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html


neutralization response to the Beta variant, suggesting that 
vaccination enhances the immune response even to a variant 
to which the infected person had not been previously exposed. 
Although such laboratory evidence continues to suggest that 
vaccination provides improved neutralization of SARS-CoV-2 
variants, limited evidence in real-world settings to date cor-
roborates the findings that vaccination can provide improved 
protection for previously infected persons. The findings from 
this study suggest that among previously infected persons, full 
vaccination is associated with reduced likelihood of reinfection, 
and, conversely, being unvaccinated is associated with higher 
likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited 
statistical power. The lower odds of reinfection among the 
partially vaccinated group compared with the unvaccinated 
group is suggestive of a protective effect and consistent with 
findings from previous studies indicating higher titers after 
the first mRNA vaccine dose in persons who were previously 
infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 
not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.
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TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.
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TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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do with some routine training & testing data methods. Also, here on campus we have an outstanding
computer science department doing lots of research in the machine learning field lead by my friend
who is an M.I.T. grad, and I am sure many of his faculty would be also eager to help if need be.
 
Please do let me know if you would like to possibly consider some discussions and/or possible
collaborations. I am sure that some interesting results would come, perhaps a nice paper for some
stats type journal or whatnot. Also,  I fully understand we’re all super busy so if this would need to
be one of those “we’ll get to it but on the backburner for now” that’s completely understandable.
 
 
 
 
 
BTW and just FYI the reason I chose to email you from all of the listed authors was that you were the
only one I could find associated with a University, and I felt that would be the appropriate forum as
opposed to contacting someone working at a governmental type agency. And, last but not least
please know that this is genuinely just a thought for research! I will admit as a covid survivor from
last June that did catch my interest to the research, but this is honestly just my “math brain” going
hmmm how could we apply some of these new learning data methods. Similarly I had a dialog with a
student last March about how to predict the social distancing using learning models, and using some
learning methods we did a nice study that yielded some interesting results. I’ve put the link to that
published article below if you’d be interested – not a super high level journal but he was just an UG
student so I wanted to get him a bullet on his resume -
https://www.ijmttjournal.org/archive/ijmtt-v66i11p504
Anyways, I guess what I’m trying to say is that this is honestly & genuinely a scientist reaching out to
discuss some research idea : )
 
 
I look forward to hearing from you kind regards, Tim       
 

Timothy A. Smith, PhD
Program Coordinator of Data Science
Department of Applied Mathematics
 
1 Aerospace Boulevard
Daytona Beach, FL 32114
386.226.6720
Smitht1@erau.edu    https://works.bepress.com/timothy-smith/
Embry-Riddle Aeronautical University
Florida | Arizona | Worldwide
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide better neu-
tralization of some circulating variants than does natural infec-
tion (1,2), few real-world epidemiologic studies exist to support 
the benefit of vaccination for previously infected persons. This 
report details the findings of a case-control evaluation of the 
association between vaccination and SARS-CoV-2 reinfection 
in Kentucky during May–June 2021 among persons previously 
infected with SARS-CoV-2 in 2020. Kentucky residents who 
were not vaccinated had 2.34 times the odds of reinfection 
than those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 
with laboratory-confirmed SARS-CoV-2 infection in 2020 


and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 
vaccination series was not completed or the final dose was 


Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
before reinfection, compared with 34.3% of controls (Table 2). 
Kentucky residents with previous infections who were unvac-
cinated had 2.34 times the odds of reinfection (OR = 2.34; 
95% CI = 1.58–3.47) compared with those who were fully 
vaccinated; partial vaccination was not significantly associated 
with reinfection (OR = 1.56; 95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


Reinfection with SARS-CoV-2 has been documented, 
but the scientific understanding of natural infection-derived 
immunity is still emerging (5). The duration of immunity 
resulting from natural infection, although not well under-
stood, is suspected to persist for ≥90 days in most persons.** 
The emergence of new variants might affect the duration of 
infection-acquired immunity, and laboratory studies have 
shown that sera from previously infected persons might offer 
weak or inconsistent responses against several variants of con-
cern (2,6). For example, a recent laboratory study found that 
sera collected from previously infected persons before they 
were vaccinated provided a relatively weaker, and in some cases 
absent, neutralization response to the B.1.351 (Beta) variant 
when compared with the original Wuhan-Hu-1 strain (1). Sera 
from the same persons after vaccination showed a heightened 
neutralization response to the Beta variant, suggesting that 
vaccination enhances the immune response even to a variant 
to which the infected person had not been previously exposed. 
Although such laboratory evidence continues to suggest that 
vaccination provides improved neutralization of SARS-CoV-2 
variants, limited evidence in real-world settings to date cor-
roborates the findings that vaccination can provide improved 
protection for previously infected persons. The findings from 
this study suggest that among previously infected persons, full 
vaccination was associated with reduced likelihood of reinfec-
tion, and, conversely, being unvaccinated is associated with 
higher likelihood of being reinfected.


The lack of a significant association with partial versus 
full vaccination should be interpreted with caution given the 
small numbers of partially vaccinated persons included in the 
analysis (6.9% of case-patients and 7.9% of controls), which 
limited statistical power. Although not statistically significant, 
the finding is suggestive of a decreased risk when compared to 
no vaccine and consistent with findings from previous studies 
indicating higher titers after the first mRNA vaccine dose in 
persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus from 
the first infection. Although in some cases the repeat positive 
test could be indicative of prolonged viral shedding or failure 
to clear the initial viral infection (9), given the time between 
initial and subsequent positive molecular tests (≥5 months), 
reinfection is the most likely explanation. Second, persons 
who have been vaccinated are possibly less likely to get tested. 
Therefore, the association of reinfection and lack of vaccination 
might be overestimated. Third, vaccine doses administered at 
federal or out-of-state sites are not typically entered in KYIR, 
so vaccination data are possibly missing for some persons in 


 ¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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these analyses. In addition, inconsistencies in name and date 
of birth between KYIR and NEDSS might limit ability to 
match the two databases. Because case investigations include 
questions regarding vaccination, and KYIR might be updated 
during the case investigation process, vaccination data might 
be more likely to be missing for controls. Thus, the OR might 
be even more favorable for vaccination. Fourth, although case-
patients and controls were matched based on age, sex, and 
date of initial infection, other unknown confounders might 
be present. Finally, this is a retrospective study design using 
data from a single state during a 2-month period; therefore, 
these findings cannot be used to infer causation. Additional 
prospective studies with larger populations are warranted to 
support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 0.43; 95% confidence interval [CI] = 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare full vaccination and partial vaccination with no vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were not vaccinated, those who were fully vaccinated had less than one half the odds of reinfection (OR = 0.43; 95% CI = 0.29–0.63); partial vaccination was not significantly associated with reinfection (OR = 0.64; 95% CI = 0.33–1.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection.

The lack of a significant association with partial versus no vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than one half the odds of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents not reinfected. In this case-control study, full vaccination was associated with less than one half the odds of reinfection.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		0.43 (0.29–0.63)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		0.64 (0.33–1.23)



		Not vaccinated

		179 (72.8)

		284 (57.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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2021
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Ginger,

I added quite a few comments.  I hope that is okay.
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Hi Alyson,
 
I forgot to attach a copy of the report. Here it is.
 
Thanks,
Ginger
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP)
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 5:22:25 PM
Attachments: MMWR Reinfection Rollout for 8_6_21.docx

 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
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[bookmark: _Hlk42201994]COVID-19 rollout plan

[bookmark: _Hlk42202213]Overview

· Planned Release date: Friday, August 6

· Document title: Reinfection MMWR/ 3 MMWRs on Vaccine Effectiveness

· Link to new landing page on MMWR for Vaccine Effectiveness 

· Audience

· Primary: Unvaccinated

· Secondary: Vaccinated

· Media Spokesperson(s):  Alyson Cavanaugh (CDC EISO)



Bottom line up front (BLUF)

What’s the main point of the release? Why is it important? For updates- what changed? What do you want the headline to read? 2-3 sentences max.

Vaccines are a critical tool to protect people and turn the corner on the COVID-19 pandemic. Today, CDC is releasing additional reports that show 

· Among people who had previous COVID-19 infection, vaccination provides better protection from reinfection than natural immunity.

· Vaccination prevents severe illness, hospitalization, death and provides protection against Delta variant.

· Vaccination protects people who are at higher-risk, particularly nursing home residents.

Tick Tock 

		Date /Time

(e.g. Day before rollout, day of rollout, etc.)



		Activity /Product

		POC(s)



		Friday morning-

· targeted media outreach

· Dr. Walensky interview with Sinclair (192 locations in 60 outlets) 



		Media



		



		When embargo Lifts 1pm Friday

		Proactive Media Statement

		Scott Pauley



		Friday after 1pm  

		Social Media



		Kat Turner Hoffman







Tough Q&A

· Are we seeing this same outcome on a national level?  

At this time, CDC does not have national level data on vaccine effectiveness compared to natural immunity. However, CDC continues to work with state and local partners and support studies that evaluate the effectiveness of vaccines. Data will be released as it becomes available. 

· Do people who get reinfected after vaccination have less illness/hospitalization/death? 

We don’t know, yet. CDC is actively working to learn more about reinfection to inform public health action. 

However, we do have data that indicated that those who became infected after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. For example, a recent study showed fully or partially vaccinated people who developed COVID-19 spent on average six fewer total days sick and two fewer days sick in bed.

· How long does natural immunity last versus vaccine induced immunity?

Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. We don’t know how long protection lasts for those who are vaccinated. However, the study showed that the vaccine did provide more than twice the protection of natural immunity within the study period. 

Experts are working to learn more about both natural immunity and vaccine-induced immunity. CDC will keep the public informed as new evidence becomes available. 

Proactive Media Statement or Press Release

Media team will draft from BLUF and key points, if needed. Work with JIC Media to draft, if necessary (eocjicmedia2@cdc.gov)

New CDC Study: Vaccination Offers Higher Protection than Previous COVID-19 Infection



In today’s MMWR, a study of COVID-19 reinfections in Kentucky shows that unvaccinated people are more than twice as likely to be reinfected with COVID-19 than those who were fully vaccinated after an initial case. This data further proves that COVID-19 vaccines are better than natural immunity alone and that vaccines can help prevent reinfections.  Half of the U.S. population remains susceptible to COVID-19, including those who have been infected before.  

Combined with COVIDNet data published  form earlier this year, which measured vaccine effectiveness and showed that all COVID-19 vaccines prevented COVID-19 related hospitalizations among the highest risk age groups, this is further support that the current vaccines are highly effective and safe even. As cases, hospitalizations, and deaths rise, the data in today’s MMWR reinforce that vaccination is the best step to prevent COVID-19. 

COVID-19 vaccines are safe and effective at preventing severe illness, hospitalization, and death. Additionally, those who get COVID-19 after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against COVID-19. 



Social Media 

Graphic: 

[image: ]

Facebook/Instagram/LinkedIn

A new study found that among people who had previous COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully vaccinated after having COVID-19.

The Delta variant is causing increases in cases and hospitalizations around the country. Even if you have already had COVID-19, you should get a vaccine to protect yourself, your families, and your community. Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 

Twitter

A new study found that among people who had previous #COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully #vaccinated after having COVID-19.

[bookmark: _Hlk35330625]Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 
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Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: MMWR - Decision on Manuscript ID CDC-2021-0104 -
Date: Wednesday, August 4, 2021 7:36:19 AM
Attachments: Guidelines-for-Author-Responses-to-External-Inquiries.pdf

CDC-2021-0104_ACCEPTED.docx
TABLE 1_ACCEPTED.docx
TABLE 2_ACCEPTED.docx
CDC-2021-0104_ACCEPTED_tracked changes.docx
TABLE 1_ACCEPTED_tracked changes.docx
CDC-2021-0104_ACCEPTED_tracked changes_AC.docx

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov<mailto:ServiceCorrespondence@ky.gov> for any assistance.

________________________________

Good morning,

FYI - MMWR editors already made some edits to have it align with MMWR format.

I added Kathleen's/Doug's changes here to submit.   If you have additional suggestions, please work off the
document with _AC.

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626

NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.

-----Original Message-----
From: Morbidity and Mortality Weekly Report <onbehalfof@manuscriptcentral.com>
Sent: Wednesday, August 4, 2021 12:29 AM
To: qds1@cdc.gov
Cc: cgk3@cdc.gov; jsg5@cdc.gov; pzs1@cdc.gov; iyn3@cdc.gov; tfh5@cdc.gov; kya6@cdc.gov
Subject: MMWR - Decision on Manuscript ID CDC-2021-0104

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov<mailto:ServiceCorrespondence@ky.gov> for any assistance.

________________________________
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* When escalating requests to the entities noted in the “Resolution” row, the CDC author of the report should provide complete information on the background of the request, 
including any current role/assignment on an Emergency Response. Depending on the content or requestor’s background, inquiries may need to be escalated to multiple entities. 
† This guidance refers to inquiries on CDC-authored reports originating from entities that are not affiliated with the media. All media inquiries should be routed through the 
appropriate Press Officers according to established protocols for a given Division, Center, or Emergency Response.  
§ This guidance refers to CDC-authored reports, including those with external co-authors. Requests related to reports with external co-authors (e.g. state health department) 
may need to be escalated through external co-authors’ institutions as well. 
¶ When escalating any of the above inquiries, except for “routine requests for information” and “direct or indirect threats,” the author should also send an initial reply to the 
requestor within 24 hours acknowledging receipt of the request and indicating that a detailed response to their inquiry will be provided shortly. Routine requests for information 
should be answered by the author in a reasonable timeframe based on the magnitude of the request, and non-threating comments with no specific questions should be politely 
acknowledged within 24 hours of receipt. Direct or indirect threats should be sent directly to OSSAM without direct engagement with the individual making such threats.  
** Notify CDC Washington, as appropriate, in consultation with Division, Center, and/or Emergency Response Policy Unit.  


Escalating* External, Non-Media† Related Inquiries on CDC-Authored Reports§ 
Guidelines for CDC Authors (updated as of March 01, 2021) 


Inquiry Type 


Examples 


Resolution¶ 


If there is uncertainty about how to escalate an inquiry, contact your Division, Center, and/or Emergency Response ADS unit for guidance and escalation. 


Routine Information  
Requests or 


Comments with  No 
Questions 


- Data source details 
 


- Analytic details 
 


- Clarification of results 
 


- Copy of analytic code 
 


- Copy of questionnaire 


Author Replies 
to Requestor 


Questions about 
CDC Guidelines or 
Recommendations 


- Questions about study 
recommendations (e.g. 
mask use, vaccination) 
 
- General questions 
unrelated to the study 
 
- Questions about 
absence of a conclusion 
or recommendation 


Escalate to Division, 
Center, or Response 


Policy Unit** 


Requests for 
Datasets or 


New Analyses  


- Request for access to 
the raw dataset  


 
- Request for 
supplemental analyses 


 
- Request for access to 
more detailed sub-
population data  


Direct or 
Indirect 
Threats  


Escalate to  
OSSAM 


(OSSAM@cdc.gov) 


- Threat of physical 
injury or violence 


 
- Threat of material 
loss or detriment 


 
- Emotional or 
psychological 
intimidation  


Policy Related   
or Political 
Comments 


- Requests from 
political entities 


 
- Requests from 
controversial entities  
 
- Criticisms of CDC, 
other federal agencies, 
Administration,  or 
state/local health depts 
entities 


Escalate to Division,  
Center, or Response 


Policy Unit** 


Escalate to  
Team/Unit that 
Houses Dataset 


Comments on 
Scientific Ethics 
or Misconduct  


- Direct or indirect 
allegations of 
scientific 
misconduct 
 
- Allegations of 
violations of 
scientific ethical 
standards 
 
 


 
  


Escalate to  
Office of Science 
(researchintegrity


@cdc.gov) 












Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, those who were fully vaccinated had less than half the odds of reinfection (OR = 0.43, 95% CI = 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but the vaccination series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated was less than half (OR = 0.43, 95% CI = 0.29–0.63); partial vaccination status was not significantly associated with reinfection (OR = 0.64, 95% CI = 0.33–1.23). 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the CDC recommendations that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 

¶ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection.

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI) †



		

		Case-patients

		Controls

		



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		0.43 (0.29-0.63)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		0.64 (0.33-1.23)



		Nonvaccinated

		179 (72.8)

		284 (57.7)

		ref



		Total

		246 (100)

		492 (100)

		—





Abbreviation: CI = confidence interval; OR = odds ratio; Ref = referent.

*All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

† Estimated based on conditional logistic regression

§ Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

¶ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  












Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, those who were fully vaccinated were associated withhad less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously- infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but the vaccinatione series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date of case-patient. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated were associated withwas less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63); partial vaccination status was not significantly associated with odds of reinfection (OR = 0.64, 95% CI =: 0.33–1.23). 

Discussion

The findings from this study show found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the CDC recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): You cannot repeat footnotes in MMWR reports.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 

¶§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ ** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html 	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Not sure what this footnote is referring to. There is nothing about isolation in the report as far as I could see.

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in during May– through June 2021 wasere compared to with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection. . 

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals persons aged ≥at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).








Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, completion of a COVID vaccination series was associated with those who were fully vaccinated were associated with less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously- infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered imported into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but without the complete vaccinatione series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date of case-patient. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): What is the difference between calling Janssen or J&J?  Is it okay to keep J&J here since I think most of the public know it as that. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated were associated withwere less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63); partial vaccination status was not significantly associated with odds of reinfection (OR = 0.64, 95% CI =: 0.33–1.23). 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think.

Discussion

The findings from this study show found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds likelihood of reinfection during May–June 2021. This finding further supports the CDC recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status. †	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): You cannot repeat footnotes in MMWR reports.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 

¶§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ ** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html 	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Not sure what this footnote is referring to. There is nothing about isolation in the report as far as I could see.

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in during May– through June 2021 wasere compared to with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection. . 

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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04-Aug-2021

Dear Dr. Cavanaugh:

It is a pleasure to provisionally accept your Prescheduled manuscript entitled, "Reduced risk of reinfection with
SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021," for publication in MMWR. All reports
undergo additional scientific and editorial review during the production process.

I made a few minor edits to the text and the tables; I am sending you tracked changes versions of the report and table
1 for your reference; the tracked changes version of table 2 were too hard to read, so I just accepted all those
changes. Thanks for preparing such a nice manuscript.

Teresa Hood, Team Lead for the MMWR Weekly, will be in touch with you to schedule the publication of your
manuscript. She also will describe the rapid, 7-day production process.

Once your manuscript is published, you might receive inquiries about it from persons outside of CDC. To assist
with responding to non-media related inquiries, please use the attached guidelines for CDC authors.

Thank you for your contribution. On behalf of the Editors of MMWR, I look forward to your continued
contributions to the Journal.

Sincerely,

Jacqueline Gindler, MD
Editor, MMWR Weekly
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH)
Cc: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP)
Subject: FW: Questions, Concerns & Observations about CDC "study" used by “Safer” Federal Task Force "justify" "vaccination" mandates of federal employees who have COVID-19 antibodies from previous infection - end Pandemic & COVID-19 mandates & restrictions
Date: Friday, October 15, 2021 9:54:53 AM
Attachments: safer federal workforce task force members and qualifications.msg
Importance: High

Kelly,
 
I am just sharing the below e-mail for your awareness.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Paula Reitan <paula.reitan@outlook.com> 
Sent: Thursday, October 14, 2021 9:54 PM
To: qds1@cdc.gov; lzn6@cdc.gov; saferfederalworkforce@gsa.gov; lzn6@cdc.gov; afauci@niaid.nih.gov
Cc: nationalpresident@nteu.org; Pollard Calvin L [NTEU NON-IRS] [Contractor] <Calvin.L.Pollard@irs.gov>
Subject: Questions, Concerns & Observations about CDC "study" used by “Safer” Federal Task Force "justify" "vaccination" mandates of federal employees who have COVID-19 antibodies from previous infection - end Pandemic & COVID-19 mandates & restrictions
Importance: High
 
Greetings Alyson, Erin, Anthony and “Safer” Federal Task Force Members,
In recent NTEU Townhall: Interview with Dr. Erin Tromble - YouTube (comments have been turned off – yesterday most the few comments were negative) , Dr. Erin Tromble (EM/pediatrician) (lzn6@cdc.gov ) referenced the following recent CDC study to “justify” MANDATORY vaccination of
federal employees who have natural immunity to COVID-19 as a result of natural antibodies from a previous infection. 

Cavanaugh AM, Spicer KB, Thoroughman D, Glick C, Winter K. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR Morb Mortal Wkly Rep 2021;70:1081-1083.
DOI: http://dx.doi.org/10.15585/mmwr.mm7032e1

 

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

Vaccination status

No. (%)

OR (95% CI)†

 

Case-patients Control participants  

Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)  

Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)  

Fully vaccinated§ 50 (20.3) 169 (34.3) Ref  

Total 246 (100) 492 (100) —  

Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.
*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive
NAAT or antigen test results during May 1–June 30, 2021.
† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same
criteria were applied, using the matched case-patient’s reinfection date.
¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.

 
I reviewed the article and have the following questions, concerns & observations:

1. Has this article been peer reviewed?
2. Has this article been published in a journal outside of the CDC?
3. Could you please briefly describe the NAAT and antigen test? 
4. What is the reliability of the NAAT and antigen tests?  What is the false positive and false negative rates for the NAAT and antigen tests?  Were the same thresholds and test conditions uses for all test samples?
5. If they there is a substantial disparity between the reliabilty of the NAAT and antigen tests, why did you publish a study with results which contain disparate accuracy rates?
6. Could someone with natural antibodies from a previous infection in March to December 2020 test postive (due to the naturally acquired antibodies) using the NAAT or antigen test without actually being reinfected? 
7. Were the unvaccinated tested for antibodies after their inintial infection?  How certain are you that the unvaccinated had true initial COVID-19 infection and built natural antibodies?
8. Serious issues with study & results – please comment/explain/justify. 

a. All cases from Kentucky – should not necessarily be used to make policy for an entire nation.  KY has one of the lower fully “vaccination” rates.  Wonder how different the results from a similar study would be in a state with a higer vaccination rate.
b. Short time frame for reinfection is 2 months. 
c. Small sample size 682.  Fully vaccinated sample size 219 is substantially smaller than unvaccinated sample size 463.  According to CDC COVID Data Tracker - thousands of COVID-19 cases were reported daily in KY in 2020 – why were so few selected for the study?  Did you cherry pick

the samples selected for this study to achieve your narrative?  I assert a different samples of data could will likely show substantially different results!  While the number of cases reported by CDC increased dramatically in July, August and early September, there has been a steep
decline since late September.  Also, note the inversion in the number of cases by age – early in the pandemic there there were susbstantially more cases amoung the 75+ age, but in the recent surge there were more younger people reported with COVID-19.  This could be simply
because there was more testing among the younger people as they went back to school in person – speculation.  Note the there were still substantially more deaths amoung the 75+ age, but that the numbes of deaths in the recent surge were substantially less than the 2020
pandemic.  I assert the pandemic is over – we have achieved herd immunity through “vaccinations” and natural immunity.  For much of the population, risk of COVID-19 is extremely low – and some doctors assert the risk of “vaccination” exceeds the benefits of “vaccination” for
this population. COVID-19 cannot be erradicated.  We need to follow the lead of other countries like Denmark, the Netherlands and Sweden and states like Texas, Florida, Arizona and South Dakota.  We need to learn to live with COVID-19, end the pandemic/emergency, revoke all
COVID-19 mandates and restrictions, return to common-sense and recommendations (not draconian, abitrary and capricous mandates) and allow legal US citizens (including hardworking federal employees) the same rights afforded to illegal immigrants to make their own decisions
with regard to COVID-19 “vaccines” and as we have with flu shots for decades. 

Note the graphs for cases and deaths for KY look fairly similar to the rest of the county.
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safer federal workforce task force members and qualifications

		From

		Paula Reitan

		To

		saferfederalworkforce@gsa.gov

		Recipients

		saferfederalworkforce@gsa.gov



Could you please provide me a list  of all members of the safer federal workforce team including their agency, job title, paygrade/salary, qualifications and role on the task force – include everyone -  federal employees, contractors, pharmaceutical company employees, lobbyists, politicians, educators, researchers, etc. 





 





I searched Safer Federal Workforce and can find no information on who is making these draconian, unlawful, arbitrary, capricious and controversial COVID-19 “vaccine” policies.





 





Paula





 





Paula J. Reitan





e Paula.Reitan@outlook.com





t 301.464.4212





c 240.675.7321





1709 Mayfair Place





Crofton, MD 21114-2624





 












 
d. No distiction made in how much time had elapsed from infection to re-infection and “vaccination” – could have been any where from between 15 months to 6 months.   Given effectiveness of vaccination (and possibly natural immunity) is known to wane over time, if the 219

vaccinated cases were primarily selected from latter part of 2020 and the 463 unvaccinated cases were primarily selected from early part of 2020, then the results would be heavily skewed in toward “vaccinated” reinfection.
e. Other ways to view your data – the disparity between the “unvaccinated” and “vaccinated” is due to the large dispartity if sample sizes between “vaccinated” and “unvaccinated”.  Randomly selecting a unvaccinated sample size closer the same size as the vaccinated (219) could

change statistics substantially.
                                                               i.      Unvacinated % reinfected: 179/(179+284)= 38.66%
                                                             ii.      Vacinated % reinfected: 50/(50+169) = 22.83%
                                                           iii.      Total % unvaccinated reinfected: 179/(179+284+50+169)= 26.25%
                                                           iv.      Total % vaccinated reinfected: 50/(179+284+50+169) = 7.33%
                                                             v.      Total % unvacinated: (179+284)/(179+284+50+169) = 67.89%
                                                           vi.      Total % vaccinated: (50+169) /(179+284+50+169) = 32.11%

I have a strong background in data science – this study seems highly flawed, deceptive and inaccuate to me. 
 
Furthermore, why were reference such as the following regarding natural immunity ignored/disregarded by CDC and in “Safer” Work Force Task Forces’s decision as to demand employees with natural immunity to get a COVID-19 “vaccine”?  In my opinion, this policy yields waste, fraud and
abuse.  The COVID-19 “vaccines” are not free and taxpayer funds are being wasted on citizens who have antibodies and/or strong/robust immune systems who have chosen not to get the “vaccine”, but have been bullied (or currently are being bullied) into getting  COVID-19 “vaccine” (many
college students, professional athletes, health care professionals, airline employees, federal employees, armed forces personnel) in order to maintain their career or attend a university.

Senator Paul Asserts Natural Immunity Is As Good As COVID-19 Vaccine | C-SPAN.org
Courier Journal Op-Ed: Rand Paul: "The science proves people with natural immunity should skip COVID vaccines" | Senator Rand Paul (senate.gov)
Rand Paul accuses Dr. Fauci of lying about natural immunity because it foils his vaccination plans | Fox Business
People who have already had COVID-19 could be less likely to catch Delta than the vaccinated | Gavi, the Vaccine Alliance
Project Veritas captures Pfizer scientists giving thumbs up to COVID-19 natural immunity - Washington Times
Pfizer scientists say their vaccine provides a weaker defence against Covid as compared to natural antibodies: Project Veritas (opindia.com)
Natural Immunity and the Covid Vaccines - WSJ

 
A timely response would be greatly appreciated.  As you know, per Vaccinations | Safer Federal Workforce agencies have been authorized to initiate enforcement/disciplinary actions against some federal employees who do not “comply” with COVID-19 “vaccine” mandates for some federal
employees (judicial branch, USPS, legislative branch excluded) on November 9, 2021.  Also, please reply to my request sent yesterday regarding the composition/qualificatiosn of the Safer Federal Workforce Task Force (see attached).
 
Foley v. Biden (4:21-cv-01098), Texas Northern District Court (pacermonitor.com) 
COSTIN et al v. BIDEN et al 1:2021cv02484 | US District Court for the District of Columbia | Justia
Brnovich v. Biden et al 2:2021cv01568 | US District Court for the District of Arizona | Justia
Out-of-touch Biden threatens private sector companies as polls nosedive | TheHill
 
Axios-Ipsos poll: Biden is losing trust on COVID - Axios
Poll: Americans Are More Pessimistic About Life Returning to Normal; Losing Trust in Biden | National News | US News
 
Paula
I am a Federal employee with more than 30 years of federal government and military service.  I have worked from home for the past decade at least 4 days a week. The projects I have been assigned to at the IRS have members disbursed across the United States and I teleconference when at the
office the same as I teleconfernce the days I work from my home office.  Team member who work from the same location are not collocated in the buidling, nor are in-office days coordinated.  Most IT specialist telework 3-4 days a week and share a cube with others who are in the office on
opposite days, thus saving the agency real estate expenses.  Since the COVID-19 evacuation, I have worked from home 5 days a week with the exception of 4 days I went into office to get a finger printed for new id card,  pick up new id card, laptop memory upgrade and laptop replacement.  To
the best of my recollection, I have never once met with anyone from the public in my work capacity in the nearly 11 years I have worked as an IT specialist at the IRS.  The “safer” federal workforces demand I be vaccinated or be terminated is completely illogical.
 
Paula J. Reitan
e Paula.Reitan@outlook.com
t 301.464.4212
c 240.675.7321
1709 Mayfair Place
Crofton, MD 21114-2624
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor

(CHFS DPH DEHP)
Subject: FW: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is

associated with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Monday, August 2, 2021 4:55:58 PM
Attachments: image002.png

Cavanaugh_08.02_track.docx
Cavanaugh_08.02_clean.docx
TABLE 1_08.02.21_track.docx
TABLE 1_08.02.21_clean.docx
TABLE 2_08.02.21_clean.docx
TABLE 3_08.2.21_clean.docx
TABLE 3_08.2.21_track.docx
TABLE 2_08.02.21_track.docx

For your records – and in case anyone wants to re-look at this prior to next round of revisions.
 
 
(Also – remind me of this day if I ever think about an MMWR concept proposal again).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Monday, August 2, 2021 4:51 PM
To: 'CDC IMS 2019 NCOV Response EPI Clearance' <eocevent210@cdc.gov>
Subject: RE: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Good afternoon,
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): OK

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): ok

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)*† reported in to the Kentucky’s National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020  and who rwho were not reinfected,emained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: Re-ordered

Vaccination status was determined using data from the Kentucky Immunization Rregistry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series not complete at least ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Capitalized	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I believe the edit clarifies that if one dose was received (regardless of vaccine brand) but it wasn't complete 14 days it would fall into partial vaccination

An oodds ratios and confidence intervals were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; significance was defined at a threshold of =0.05.. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.34% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free fromwere not reinfectedion hadwere 2.23 times the oddsas likely (95% CI = 1.51–3.28) toof being be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. and unvaccinated, those not reinfected had odds of being fully vaccinated were 2.34 times the odds as high (95% CI = 1.586 –3.47)  of having been fully vaccinated compared with the reinfection cases. among those who remained free of reinfection compared with those reinfected. Partial versus no vaccination was not significantly associated with remaining free of reinfectionion compared with  no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: First infection date was used.  Those reinfected prior to May were excluded. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 3.28 is correct.  Table was corrected	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 1.58 is correct.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for DiseaseA Control and Prevention (CDC) dvisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Thank you for this suggestion

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (79). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,96,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection  relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least fiveour limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between of vfull vaccination with reduced likelihood of reinfection and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Added this at the end - combining with limitations that this is retrospective study design.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. PPersons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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†  HYPERLINK "https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html" https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† HYPERLINK "https://covid.cdc.gov/covid-data-tracker/#variant-proportions" https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ HYPERLINK "https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/" https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected.vaccination status of those reinfected in May through June 2021 were compared to those not reinfected.  OOdds of being fully vaccinated (versus being unvaccinated) wereas 2.34 times as highhigher in the group of previously infected persons who were notremained free from reinfectedion in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

[bookmark: _Hlk78635231]Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2. Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but vaccine series not complete at least 14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (7). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination is associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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* https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. Odds of being fully vaccinated (versus being unvaccinated) were 2.34 times as high in the group of previously infected persons who were not reinfected in this case-control study. 

What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.
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[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) case-patients and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strong recommendation: tables need to be able to stand alone, please add “SARS-CoV-2” to the title, better yet see title of table 2 that is more complete

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.89)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required.  please verify this result, as 7/246 is 2.8455% and rounds to 2.8%

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor comment: consider “individuals at least 18 years old” or “individuals aged at least 18 years” instead of “individuals at least 18 years”

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.3)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient, for controls).  




TABLE 3. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





[bookmark: _GoBack]Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




TABLE 3. Association of COVID-19 vaccination status and SARS-CoV-2 reinfection with SARS-CoV-2COVID-19 vaccination status — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: As noted in the text, the wording of this table title to me suggests that  being vaccinated is associated with reinfection.  For example, readers might interpret the first row of results to mean that fully vaccinated people are 2.23 times as likely to be reinfected that those not fully vaccinated.   I strongly suggest that the table title and column headings be revised so that it is clear that the 2.23 means that those who were not reinfected were 2.23 times as likely to be fully vaccinated than those who were reinfected..

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–32.28)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: Please verify this upper bound value.  It is reported in the text as 3.28, which seems more likely to me to be correct than 2.28, given the point estimate is 2.23.



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

Case-patients and controls were matched by sexgender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  Same comment as in Table 2 footnote:

In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.



[bookmark: _GoBack]TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.34)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check this result, as 169/492 is 34.3496%, which rounds to 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct. 



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

† Case-patientss were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the if vaccination was complete 14 days prior to reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-. patient (or matched case-patient, for controls).   	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, August 2, 2021 11:42 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Fw: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi Alyson,
 
JIC is returning your MMWR with comments. Please note these remarks:
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 
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Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

Please address their comments and submit clean copies for OS review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Monday, August 2, 2021 11:39 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi, 
 
Please revise and submit clean copies for OS Review. 
 
Please see below from IM/PDIM,
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Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

 
Thank you,
Kaliyah Hunter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
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Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Sent: Monday, August 2, 2021 11:35 AM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS Incident
Manager Senior Advisor -2 <eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD)
<akc9@cdc.gov>; Honein, Margaret (Peggy) (CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman,
Pamela (ATSDR/OPPE) <pxp5@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications
<eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: Re: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 
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Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

Brian 
 
Brian A. King, PhD, MPH
Lead, Strategic Science Unit, CDC COVID-19 Response
Guest Science Editor, Morbidity and Mortality Weekly Report Series
E-mail: baking@cdc.gov
Phone: 770.488.5107 / 770.570.6330
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:43 PM
To: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS 2019 NCOV
Response Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS Incident Manager Senior Advisor -2
<eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent,
Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
IM/PDIM, 
 
We are requesting your review of the attached MMWR (ID# 1464). Please return your
comments by 6pm on 8/2. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 
 

From: Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>
Sent: Sunday, August 1, 2021 9:57 PM
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To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Deputy
Incident Manager <eocevent259@cdc.gov>; Hacker, Karen (CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Cleared with no additional comments
 
Paul Mead, MD, MPH
Deputy Incident Manager (Epi, Lab, Data Visualization Task Forces)
CDC COVID-19 Response
Cell: 970-567-5024

 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Sunday, August 1, 2021 4:57 PM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

Hi DIMs, 
 
This is a Tier 1 report and we provided the wrong deadline. Please return your
comments by 6pm on 8/2, if possible. This one is expected to publish at the end of the
week. 
 
Apologies for the inconvenience. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
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Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:28 AM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent,
Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For DIM Review by 10:30am on 8/3/21: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

DIM Review,
 
Attached is the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 – Kentucky for your review.
 
Comments are due by 10:30am on 8/3/21.
 
Thank you,
 
Jeanita Porter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>
Sent: Saturday, July 31, 2021 5:06 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Cassell, Cynthia H.
(CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP)
<coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS <eocevent264@cdc.gov>; Parham, Mary Angela
(CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra (CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>;
Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>; Muthumalaiappan, Kuzhali
(CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB) <viy3@cdc.gov>;
DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb,
Rebecca (CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS 2019 NCOV Response Policy <eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR
and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>;
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Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ)
<nzr6@cdc.gov>
Subject: RE: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
This MMWR has been reviewed by 2 rADS, Mary D. Ari and Harrell Chesson, and is cleared with the
understanding that comments will be addressed and considered as noted. 
 
Thanks for the opportunity to review.
 
Best regards,
Harrell
 
 
Harrell Chesson, PhD
COVID-19 Response ADS Team Reviewer
404-639-8182
404-551-7377
 
Division of STD Prevention
Centers for Disease Control and Prevention
CDC Mail-Stop US12-3
1600 Clifton Road
Atlanta, GA 30319
 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Friday, July 30, 2021 7:56 PM
To: Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G.
(CDC/DDNID/NCCDPHP/DHDSP) <coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS
<eocevent264@cdc.gov>; Parham, Mary Angela (CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra
(CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>;
Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>; Muthumalaiappan, Kuzhali
(CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB) <viy3@cdc.gov>;
DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb,
Rebecca (CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Policy
<eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>;
Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD)
<cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

ADS Team...
 
Attached you will find the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 – Kentucky for
your review. Comments are due by 6:00p on 8/2/21.
 
HEADS-UP: They have requested expedited review and are seeking DIM approval so
this deadline may chance.
 
Regards,
Lisa Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 30, 2021 7:35 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Request for Review: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
JIC,
 
Epi TF is submitting Alyson Cavanaugh’s Tier 1 MMWR, “COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky” for expedited review.
Attached includes tracked changes and clean copies of the Article, Tables 1-3 a Supplementary figure and the
clearance request form. This document has been cross-cleared by VTF, HSWS, SSU, and CHEO TFs.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:16 PM
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To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
I have track changes that address the minor comments from SSU.  I know CHEO cleared with comments, but I
am unsure where to find additional comments from CHEO.  I have e-mailed for further clarification.
 
The supplementary figure was edited in terms of placement of arrows/boxes and track changes weren’t used
for formatting, per comments.
 
Clean copies of manuscript, three tables, and supplementary figure are attached.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Thursday, July 29, 2021 7:29 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Thank you for clarifying!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
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Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:27 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Yes – it’s an odd step in the current protocol – but currently you are required to handle this review with SSU
and CHEO. We recommend cc’ing the Epi Clearance mailbox (eocevent210@cdc.gov) so that we can keep an
eye on how it’s moving, and help you follow up as needed.  
 
I think they may be revisiting this procedure soon; I’m sorry this part is so complicated/unusual. But yes, please
proceed with SSU and CHEO clearance.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:21 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
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Good morning,
 
I did not sent this to CHEO and SSU.  Should I? 
In the past, the clearance coordinator sent my manuscript to them.  However, the instructions from MMWR
pre-review said:

In accordance with the current COVID-19 Response clearance protocol, your next step is to simultaneously send
clean copies of your manuscript files to both the Strategic Science Unit (SSU, eocevent538@cdc.gov) and the Chief
Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-clearance. Please ensure that the MMWR functional
box (eocevent172@cdc.gov) is copied on your submission e-mail to SSU and CHEO. Once both SSU and CHEO
have cleared your manuscript, it can then be submitted to the Response JIC for clearance.

 
I wanted to check with you to see if I should send to SSU and CHEO or should clearance coordinator be
managing this part?
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:18 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
To clarify, did you already send this to SSU and CHEO for pre-clearance? If so, please update your clearance
request form to reflect this, and then we can proceed with JIC clearance. If not, you will need to complete that
step independently before we (epi clearance) take it from you and go on to JIC.
 
Thanks!
Hannah
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________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I received feedback from MMWR pre-review. I am attaching the clean copies of the manuscript, tables and
figure for MMWR 1464.   I was told to e-mail to CHEO and SSU.  However, I believe you will pass this on? 
Please let me know if I should be sending this anywhere else at this time.

Thank you,
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 12:44 PM
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To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I think that "4289" in the subject line was used by VTF when they re-reviewed it, and we can disregard
that entirely.
 
Actually, the next step is for you to submit this to MMWR pre-clearance. We do not handle that step in
the process. Epi TF clearance coordinators should be looped back in after you receive clearance from
Brian King and his group. 
 
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Sunday, July 25, 2021 12:33 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Please see attached clean and track versions.
 
I believe this is MMWR 1464.  Is that correct?  I added 1464 on the clearance request form, but this may need
to be edited (The subject heading says 4289).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
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Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 11:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF has cleared your MMWR. Please address the comments in the link below.
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Your next step is to send clean and tracked versions, along with an updated clearance request form, to
MMWR pre-clearance. 

Once you have been cleared by MMWR pre-clearance, please return the latest clean and tracked
copies, and an updated clearance request form, to this mailbox for submission to SSU and CHEO.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Sunday, July 25, 2021 11:04 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
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risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
Please see following from JIC: 
 

Reinfection and vaccination status_07.23.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Saturday, July 24, 2021 4:06 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
This is cleared by VTF ADS with comments that should be addressed.
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Friday, July 23, 2021 2:04 PM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk
of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 
The author has addressed your comments and returned this document for re-review. The tracked changes
version is attached for reference.  However, please make any additional comments in the clean version linked
below.  
 

Reinfection and vaccination status_07.23.21_clean.docx
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Thanks,
Kimberly
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 23, 2021 1:11 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE-REVIEW due 7/24 at 1:30PM - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
VTF,
 
Alyson Cavanaugh is submitting this Tier 1 MMWR article for your re-review. Attached is a clean copy and
tracked changes copy with comments addressed. The requested deadline for your re-review is 7/24 at 1:30PM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 23, 2021 12:58 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
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Good afternoon,

Please see attached track and clean copies of revised paper.  We believe the changes in analysis are
appropriate to address concerns.  However, if additional changes are suggested, please let us know.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:45 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Alyson,
 
VTF did not clear your MMWR article. Please see their comments in the attached Word doc. Additional notes
from reviewers below:
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
Please address comments and resubmit a clean copy and tracked changes copy for re-review with VTF.
 
Thank you,
Hannah
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________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:27 PM
To: Bunting, Hannah (CDC/DDID/NCIRD/OD) (CTR) <rou3@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
The below document is not cleared by VTF. Please address comments in the below link and return clean and
tracked changes copies for re-review. Additionally, please note the following: 
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 Reinfection and vaccination status_07.20.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
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Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Wednesday, July 21, 2021 2:45 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
This is not cleared by VTF ADS. Please see comment below and submit a revised version.
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 
 
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 9:26 AM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 

The author has addressed your comments and returned this document for re-review. The tracked changes
version is attached for reference.  However, please make any additional comments in the clean version linked
below.
 

Reinfection and vaccination status_07.20.21_clean.docx

 
Thanks,
Kimberly
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
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VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Wednesday, July 21, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good Morning VTF,
 
The author has made changes and we are requesting a re review. Please find clean and tracked copies
attached.
 
Deadline for review is 7/22 by 8 AM
 
Best Regards,
Katie
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Tuesday, July 20, 2021 9:05 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Please find attached the clean and track changes of MMWR on reinfections and vaccination.   Please let me
know if anything further is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Saturday, July 17, 2021 1:22 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF did not clear your MMWR. Please address the comments in the attached file and return clean and
tracked copies for re-review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Saturday, July 17, 2021 1:08 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
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after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Epi,
 
The below document is not cleared by VTF. Please return clean and tracked changes copies for re-review.  
 
 

Reinfection and vaccination status_07.14.21_clean.docx
Clearance Request Form_July 14_reinfection.docx

 
Thanks,
Dany
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8am-8pm EST Monday-Friday 
                                     12pm-5pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Saturday, July 17, 2021 12:41 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A.
(CDC/DDID/NCIRD/ID) <lkg6@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Please advise the status of the requested cross-clearance review of the MMWR titled "COVID-19
vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through
June, 2021 - Kentucky." The review was due Friday, 7/16, at 10 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
We request the courtesy of a response with a status update.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
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Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 2:29 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Epi TF still requests your comments on this Tier 1 MMWR. As a reminder, here is the link:
 

Reinfection and vaccination status_07.14.21_clean.docx
 
Comments were due at 10 a.m., so please return your comments as soon as possible so that we can
proceed with the clearance process.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 11:28 AM
To: CDC IMS 2019 NCOV Response HSWS TF Clearance <eocevent229@cdc.gov>; CDC IMS 2019 NCOV
Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear HSWS and VTF,
 
This is a gentle reminder that your cross-clearance of this MMWR was due today at 10 a.m.
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 Reinfection and vaccination status_07.14.21_clean.docx

 
This is a Tier 1 MMWR. Please return your review as quickly as possible.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Thursday, July 15, 2021 10:04 AM
To: CDC IMS 2019 NCOV Response HSWS TF Clearance <eocevent229@cdc.gov>; CDC IMS 2019 NCOV
Response CICP ADS/Clearance <eocdgmqsitrep@cdc.gov>; CDC IMS 2019 NCOV Response VTF Clearance
<eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF, HSWS, and CICP TFs,
 
Epi TF requests cross-clearance of the Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky."
 
Please use the SharePoint link below during your review. Please indicate whether you clear the manuscript
with major/minor comments, with no comments, or do not clear.
 
The deadline for your review is 7/16 at 10:00 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
CICP clearance coordinators: please forward this MMWR for review to your new POC ASAP, as we are aware
your ADS/TF are no longer accepting submissions. Thank you.
 
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
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COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, July 14, 2021 6:13 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,

Please see attached track and clean changes where all comments were addressed. 
 
I am also attaching the clearance form.  I deleted the section about cross task force review.  I apologize for the
confusion.  That was filled in with the template that was sent me and I didn’t see it.  Therefore I hadn’t deleted
that section before submitting the form for this MMWR.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, July 13, 2021 12:24 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 

IR#0588 - KT DPH - Production_000118

mailto:eocevent210@cdc.gov
mailto:qqz9@cdc.gov
mailto:rou3@cdc.gov
mailto:wzv6@cdc.gov
mailto:alyson.cavanaugh@ky.gov
mailto:eocevent210@cdc.gov
mailto:qds1@cdc.gov
mailto:Alyson.cavanaugh@ky.gov
mailto:eocevent210@cdc.gov
mailto:qds1@cdc.gov
mailto:eocevent210@cdc.gov


Hi Alyson,
 
Epi ADS re-reviewed and cleared your MMWR with comments in the attached document. Please address
comments and resubmit both a clean copy and a tracked changes copy to proceed with cross-clearance.
 
Also, your clearance request form originally stated that this MMWR article has been cleared by STLT, HSWS,
and CICP. You and STLT have confirmed that Epi TF is the only TF to have reviewed it yet. When you resubmit,
please update your clearance request form to reflect that only Epi TF has cleared it thus far.
 
Thank you!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov> 
Sent: Tuesday, July 13, 2021 11:42 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Clearance Team—this review is complete.
 
Reviewer:           Lisa Grohskopf (ADS), Ruth Link-Gelles (SME)
Decision:             Cleared with comments, some mandatory
Comments:         please see attached
Please send to Lab TF as informational (not for cross clearance).
 
Thank,
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, July 12, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A.
(CDC/DDID/NCIRD/ID) <lkg6@cdc.gov>
Subject: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
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Good morning Epi ADS,
 
Lisa -- Alyson Cavanaugh is submitting her Tier 1 MMWR for re-review: “COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky”. Attached
includes a clean copy and a tracked changes copy. See your initial decision record below:
 

Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance
by the TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-
clearance by VTF. 

 
The deadline for your re-review of this expedited article is 7/13 at 7:30AM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Sunday, July 11, 2021 9:56 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Thank you very much for the review.   Please see attached clean and track changes of edits based on the
suggestions.  All comments have been addressed. 
 
This paper has only been reviewed by epi TF to date.  Am I supposed to send to the other task forces for cross-
clearance?  No other task forces have yet reviewed this.
 
Thank you,

IR#0588 - KT DPH - Production_000120

mailto:eocevent210@cdc.gov
mailto:qqz9@cdc.gov
mailto:rou3@cdc.gov
mailto:wzv6@cdc.gov
mailto:qds1@cdc.gov
mailto:eocevent210@cdc.gov
mailto:eocevent496@cdc.gov
mailto:qds1@cdc.gov


Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department of Public Health
275 E. Main St.
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, July 11, 2021 8:00 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: Fwd: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged
and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient,
you are notified that any review, use, disclosure, distribution or copying of this communication is strictly
prohibited. If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.

From: CDC IMS 2019 NCOV Response EPI Clearance < 
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS < >
Subject: Fw: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
Epi TF has reviewed and does not clear this MMWR. Please see the following comments:
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the
TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Please address the comments in the attached document and submit clean and tracked copies for re-
review. Additionally, please provide documentation of cross-clearance by STLT, CICP, and HSWS.
 
Thank you,
Leza
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Sent: Saturday, July 10, 2021 12:22 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Clearance Team! This review is complete.
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the
TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Thanks!
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 12:32 PM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
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Subject: Fw: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Team,
 
The attached Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky," is submitted for review. The deadline
for review is Saturday, 7/10, at 12:30 p.m.
 
The clearance request form notes that CICP, STLT, and HSWS have already cleared this.
 
Leza
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 12:24 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Please see attached clearance form for MMWR 1464.
 
Let me know if I need to do anything additionally at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 9:18 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Thank you, Anna!
 
Alyson,
 
I see you attached the manuscript but mention that it still needs co-author feedback, is that correct?
When you are ready to submit for JIC clearance please send the manuscript and the completed request
form I have attached. I have also attached the SOP for moving MMWRs through clearance to help with
any questions on the process going forward.
 
Best Regards,
Katie
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Sent: Friday, July 9, 2021 9:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson (CDC ky.gov)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT
ADS <eocevent410@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Hi Katie,
 
Epi TF has "adopted" this manuscript for COVID-19 Clearance and Alyson has submitted to begin the clearance
process with Epi TF. Let me know if you have any questions.
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Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 9, 2021 8:28 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Alyson,
 
Is this an FYI that this MMWR is coming for review? Are you asking for any action from the Epi TF at this
time?
 
Best,
Katie 
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 7:06 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS <eocevent496@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Good morning,
 
Attached is the manuscript for MMWR 1464 regarding reinfections and vaccination status.
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I am making some edits based on co-authors’ feedback for 1459, but hope to have the paper ready tomorrow.
 
I believe both will be “adopted” by the vaccine task force because they involve vaccine effectiveness.  Please
let me know any next steps for this submission.
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov> 
Sent: Thursday, July 8, 2021 2:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Dear Alyson,
 
Following up on your VE/VB MMWR manuscripts, the COVID-19 Response Incident Manager would like to have
both 1459 and 1464 published in about a month (see email below). I have copied the Epi Clearance
Coordinators (eocevent210@cdc.gov) and Epi ADS (eocevent496@cdc.gov), who are ready to help you begin
the COVID-19 Clearance Process. When do you anticipate submitting these manuscripts?
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
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Sent: Thursday, July 8, 2021 10:07 AM
To: Anderson, Mark (CDC/DDPHSIS/CGH/DGHP) <mea6@cdc.gov>
Cc: Lubar, Debra (CDC/DDID/NCEZID/OD) <dpl9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>;
Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Mark, as mentioned yesterday, Peggy would really like to have these published by end of month-early August.
They are top response priorities. Is there anything I can do to facilitate process?
 

1464 Reinfection associated with vaccination status - Kentucky, May-June 2021 (Alyson
Cavanaugh)

Concept approved
6/30

1459 Low county-level vaccination coverage increases the risk of breakthrough infections
among fully vaccinated Kentucky residents – Kentucky, May 2021 (Alyson
Cavanaugh)

Concept approved
6/30

 
Apologies for not sending this note yesterday.
 
Best,
Charlotte
 
 
Charlotte Kent, PhD, MPH
Editor-in-Chief, Morbidity and Mortality Weekly Report (MMWR) Series
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH

DEHP)
Subject: FW: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with

reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Monday, August 2, 2021 12:05:06 PM
Attachments: image002.png

Cavanaugh_07.30_clean_copy_HC_MDA_IMPDIM.docx
TABLE 2_07.29.21_SSU1_HC_MDA.docx
TABLE 1_07.29.21_SSU1_HC_MDA.docx
FIGURE_Supplementary_07.30.21_HC_MDA.docx
TABLE 3_07.29.21_SSU1_HC_MDA.docx

 
Good afternoon,
 
Here are comments on manuscript, tables, and figure.
 
I will begin working on manuscript at this time.  Here is the link for any suggestions for manuscript:
https://kymsoffice-
my.sharepoint.com/:w:/g/personal/alyson_cavanaugh_ky_gov/EbaQ3GcEvbFMrzf6LgxPVKQBjqoEJUtGGb8xSoAqnjB2Gw
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, August 2, 2021 11:42 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Fw: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi Alyson,
 
JIC is returning your MMWR with comments. Please note these remarks:
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), which might lead these persons to not seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2, by vaccination status. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. In a separate model accounting for full vaccination, partial vaccination, and no vaccination, partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 


A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)† reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because due to vaccine supply and eligibility requirements, this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 

An oodds ratios and confidence interval were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, as well as . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; [define how you determined statistical significance]. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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* https://covid.cdc.gov/covid-data-tracker/#vaccinations

† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated.  HYPERLINK "https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf" https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021,  were significantly less likely to have been vaccinated than were those who were not reinfected. oOdds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check this result, as 169/492 is 34.3496%, which rounds to 34.3%



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.


TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strong recommendation: tables need to be able to stand alone, please add “SARS-CoV-2” to the title, better yet see title of table 2 that is more complete

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required.  please verify this result, as 7/246 is 2.8455% and rounds to 2.8%

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor comment: consider “individuals at least 18 years old” or “individuals aged at least 18 years” instead of “individuals at least 18 years”

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check the numbers in this figure.

The top box starts with 283,480.  Then 8,056 are excluded (5,717+43+2,296 = 8,056). 

However, 8056 from 283,480 leaves 275,424.  It is thus unclear to me how the next row of boxes has n=262 and n=275.424.  The n=275,424 are accounted for as described above, but where do the 262 come from?

Please verify these numbers are correct as listed, and if so, please consider adding clarifying text so that other readers do not have the same confusion as me about this.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strongly recommended: table and figures titles need to be able to stand alone, please revise this title as done for table 2

following up on comment above regarding n =262, and n=275,242? I agree the numbers need to be checked and ensure correct sequence of the flow diagram

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs  (n = 16)

EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)









Potential Controls

n = 245,539











Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  Those without a NEDSS ID were excluded because of inability to determine reinfection status.




TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: As noted in the text, the wording of this table title to me suggests that  being vaccinated is associated with reinfection.  For example, readers might interpret the first row of results to mean that fully vaccinated people are 2.23 times as likely to be reinfected that those not fully vaccinated.   I strongly suggest that the table title and column headings be revised so that it is clear that the 2.23 means that those who were not reinfected were 2.23 times as likely to be fully vaccinated than those who were reinfected..

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: Please verify this upper bound value.  It is reported in the text as 3.28, which seems more likely to me to be correct than 2.28, given the point estimate is 2.23.



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: Same comment as in Table 2 footnote.

it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.


† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  Same comment as in Table 2 footnote:

In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.




authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

Please address their comments and submit clean copies for OS review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Monday, August 2, 2021 11:39 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi, 
 
Please revise and submit clean copies for OS Review. 
 
Please see below from IM/PDIM,
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

 
Thank you,
Kaliyah Hunter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
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JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Sent: Monday, August 2, 2021 11:35 AM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS Incident Manager Senior
Advisor -2 <eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret
(Peggy) (CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>; CDC IMS
2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ)
<nzr6@cdc.gov>
Subject: Re: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
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free from reinfection" could more simply be stated as "persons who were not reinfected".  
Brian 
 
Brian A. King, PhD, MPH
Lead, Strategic Science Unit, CDC COVID-19 Response
Guest Science Editor, Morbidity and Mortality Weekly Report Series
E-mail: baking@cdc.gov
Phone: 770.488.5107 / 770.570.6330
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:43 PM
To: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS 2019 NCOV Response
Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS Incident Manager Senior Advisor -2
<eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
IM/PDIM, 
 
We are requesting your review of the attached MMWR (ID# 1464). Please return your
comments by 6pm on 8/2. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 
 

From: Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>
Sent: Sunday, August 1, 2021 9:57 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Deputy Incident
Manager <eocevent259@cdc.gov>; Hacker, Karen (CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Thomas, Craig W.
(CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Cleared with no additional comments
 
Paul Mead, MD, MPH
Deputy Incident Manager (Epi, Lab, Data Visualization Task Forces)
CDC COVID-19 Response
Cell: 970-567-5024

 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Sunday, August 1, 2021 4:57 PM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>; CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

Hi DIMs, 
 
This is a Tier 1 report and we provided the wrong deadline. Please return your comments by
6pm on 8/2, if possible. This one is expected to publish at the end of the week. 
 
Apologies for the inconvenience. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:28 AM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For DIM Review by 10:30am on 8/3/21: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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DIM Review,
 
Attached is the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 – Kentucky for your review.
 
Comments are due by 10:30am on 8/3/21.
 
Thank you,
 
Jeanita Porter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>
Sent: Saturday, July 31, 2021 5:06 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP)
<ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP) <coq5@cdc.gov>; CDC IMS 2019 NCOV Response
ADS <eocevent264@cdc.gov>; Parham, Mary Angela (CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra
(CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS 2019 NCOV Response Policy <eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
This MMWR has been reviewed by 2 rADS, Mary D. Ari and Harrell Chesson, and is cleared with the understanding that
comments will be addressed and considered as noted. 
 
Thanks for the opportunity to review.
 
Best regards,
Harrell
 
 
Harrell Chesson, PhD
COVID-19 Response ADS Team Reviewer
404-639-8182
404-551-7377
 
Division of STD Prevention
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Centers for Disease Control and Prevention
CDC Mail-Stop US12-3
1600 Clifton Road
Atlanta, GA 30319
 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Friday, July 30, 2021 7:56 PM
To: Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP)
<coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS <eocevent264@cdc.gov>; Parham, Mary Angela
(CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra (CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Chesson,
Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Policy
<eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler,
Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 – Kentucky
 

ADS Team...
 
Attached you will find the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky for your
review. Comments are due by 6:00p on 8/2/21.
 
HEADS-UP: They have requested expedited review and are seeking DIM approval so this
deadline may chance.
 
Regards,
Lisa Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 30, 2021 7:35 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Request for Review: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
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JIC,
 
Epi TF is submitting Alyson Cavanaugh’s Tier 1 MMWR, “COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky” for expedited review. Attached includes tracked
changes and clean copies of the Article, Tables 1-3 a Supplementary figure and the clearance request form. This
document has been cross-cleared by VTF, HSWS, SSU, and CHEO TFs.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:16 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
I have track changes that address the minor comments from SSU.  I know CHEO cleared with comments, but I am
unsure where to find additional comments from CHEO.  I have e-mailed for further clarification.
 
The supplementary figure was edited in terms of placement of arrows/boxes and track changes weren’t used for
formatting, per comments.
 
Clean copies of manuscript, three tables, and supplementary figure are attached.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
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From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Thursday, July 29, 2021 7:29 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Thank you for clarifying!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:27 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Yes – it’s an odd step in the current protocol – but currently you are required to handle this review with SSU and CHEO.
We recommend cc’ing the Epi Clearance mailbox (eocevent210@cdc.gov) so that we can keep an eye on how it’s
moving, and help you follow up as needed.  
 
I think they may be revisiting this procedure soon; I’m sorry this part is so complicated/unusual. But yes, please
proceed with SSU and CHEO clearance.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
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COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:21 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I did not sent this to CHEO and SSU.  Should I? 
In the past, the clearance coordinator sent my manuscript to them.  However, the instructions from MMWR pre-review
said:

In accordance with the current COVID-19 Response clearance protocol, your next step is to simultaneously send clean copies
of your manuscript files to both the Strategic Science Unit (SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer
(CHEO, eocevent559@cdc.gov) for pre-clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is
copied on your submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then be
submitted to the Response JIC for clearance.

 
I wanted to check with you to see if I should send to SSU and CHEO or should clearance coordinator be managing this
part?
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:18 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
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<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
To clarify, did you already send this to SSU and CHEO for pre-clearance? If so, please update your clearance request
form to reflect this, and then we can proceed with JIC clearance. If not, you will need to complete that step
independently before we (epi clearance) take it from you and go on to JIC.
 
Thanks!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I received feedback from MMWR pre-review. I am attaching the clean copies of the manuscript, tables and figure for
MMWR 1464.   I was told to e-mail to CHEO and SSU.  However, I believe you will pass this on?  Please let me know if I
should be sending this anywhere else at this time.

Thank you,
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
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the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 12:44 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I think that "4289" in the subject line was used by VTF when they re-reviewed it, and we can disregard that
entirely.
 
Actually, the next step is for you to submit this to MMWR pre-clearance. We do not handle that step in the
process. Epi TF clearance coordinators should be looped back in after you receive clearance from Brian King and
his group. 
 
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Sunday, July 25, 2021 12:33 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Please see attached clean and track versions.
 
I believe this is MMWR 1464.  Is that correct?  I added 1464 on the clearance request form, but this may need to be
edited (The subject heading says 4289).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 11:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF has cleared your MMWR. Please address the comments in the link below.
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Your next step is to send clean and tracked versions, along with an updated clearance request form, to MMWR
pre-clearance. 

Once you have been cleared by MMWR pre-clearance, please return the latest clean and tracked copies, and an
updated clearance request form, to this mailbox for submission to SSU and CHEO.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
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Sent: Sunday, July 25, 2021 11:04 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
Please see following from JIC: 
 

Reinfection and vaccination status_07.23.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Saturday, July 24, 2021 4:06 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
This is cleared by VTF ADS with comments that should be addressed.
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Friday, July 23, 2021 2:04 PM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi all,
 
The author has addressed your comments and returned this document for re-review. The tracked changes version is
attached for reference.  However, please make any additional comments in the clean version linked below.  
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Thanks,
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Kimberly
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 23, 2021 1:11 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE-REVIEW due 7/24 at 1:30PM - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
VTF,
 
Alyson Cavanaugh is submitting this Tier 1 MMWR article for your re-review. Attached is a clean copy and tracked
changes copy with comments addressed. The requested deadline for your re-review is 7/24 at 1:30PM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 23, 2021 12:58 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,

Please see attached track and clean copies of revised paper.  We believe the changes in analysis are appropriate to
address concerns.  However, if additional changes are suggested, please let us know.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:45 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Alyson,
 
VTF did not clear your MMWR article. Please see their comments in the attached Word doc. Additional notes from
reviewers below:
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
Please address comments and resubmit a clean copy and tracked changes copy for re-review with VTF.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:

IR#0588 - KT DPH - Production_000144

mailto:Alyson.cavanaugh@ky.gov
mailto:eocevent210@cdc.gov
mailto:qds1@cdc.gov
mailto:eocevent210@cdc.gov
mailto:eocevent210@cdc.gov


Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:27 PM
To: Bunting, Hannah (CDC/DDID/NCIRD/OD) (CTR) <rou3@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
The below document is not cleared by VTF. Please address comments in the below link and return clean and tracked
changes copies for re-review. Additionally, please note the following: 
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 Reinfection and vaccination status_07.20.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Wednesday, July 21, 2021 2:45 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
This is not cleared by VTF ADS. Please see comment below and submit a revised version.
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While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 
 
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 9:26 AM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 

The author has addressed your comments and returned this document for re-review. The tracked changes version is
attached for reference.  However, please make any additional comments in the clean version linked below.
 

Reinfection and vaccination status_07.20.21_clean.docx

 
Thanks,
Kimberly
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Wednesday, July 21, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good Morning VTF,
 
The author has made changes and we are requesting a re review. Please find clean and tracked copies attached.
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Deadline for review is 7/22 by 8 AM
 
Best Regards,
Katie
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Tuesday, July 20, 2021 9:05 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Please find attached the clean and track changes of MMWR on reinfections and vaccination.   Please let me know if
anything further is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Saturday, July 17, 2021 1:22 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
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Subject: Fw: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF did not clear your MMWR. Please address the comments in the attached file and return clean and tracked
copies for re-review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Saturday, July 17, 2021 1:08 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Epi,
 
The below document is not cleared by VTF. Please return clean and tracked changes copies for re-review.  
 
 

Reinfection and vaccination status_07.14.21_clean.docx
Clearance Request Form_July 14_reinfection.docx

 
Thanks,
Dany
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8am-8pm EST Monday-Friday 
                                     12pm-5pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Saturday, July 17, 2021 12:41 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
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Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Please advise the status of the requested cross-clearance review of the MMWR titled "COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky."
The review was due Friday, 7/16, at 10 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
We request the courtesy of a response with a status update.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 2:29 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Epi TF still requests your comments on this Tier 1 MMWR. As a reminder, here is the link:
 

Reinfection and vaccination status_07.14.21_clean.docx
 
Comments were due at 10 a.m., so please return your comments as soon as possible so that we can proceed
with the clearance process.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, July 13, 2021 12:24 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Epi ADS re-reviewed and cleared your MMWR with comments in the attached document. Please address comments
and resubmit both a clean copy and a tracked changes copy to proceed with cross-clearance.
 
Also, your clearance request form originally stated that this MMWR article has been cleared by STLT, HSWS, and CICP.
You and STLT have confirmed that Epi TF is the only TF to have reviewed it yet. When you resubmit, please update your
clearance request form to reflect that only Epi TF has cleared it thus far.
 
Thank you!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov> 
Sent: Tuesday, July 13, 2021 11:42 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Clearance Team—this review is complete.
 
Reviewer:           Lisa Grohskopf (ADS), Ruth Link-Gelles (SME)
Decision:             Cleared with comments, some mandatory
Comments:         please see attached
Please send to Lab TF as informational (not for cross clearance).
 
Thank,
Lisa
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, July 12, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good morning Epi ADS,
 
Lisa -- Alyson Cavanaugh is submitting her Tier 1 MMWR for re-review: “COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky”. Attached includes a clean
copy and a tracked changes copy. See your initial decision record below:
 

Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs
listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 

 
The deadline for your re-review of this expedited article is 7/13 at 7:30AM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Sunday, July 11, 2021 9:56 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Thank you very much for the review.   Please see attached clean and track changes of edits based on the suggestions. 
All comments have been addressed. 
 
This paper has only been reviewed by epi TF to date.  Am I supposed to send to the other task forces for cross-
clearance?  No other task forces have yet reviewed this.
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Thank you,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department of Public Health
275 E. Main St.
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, July 11, 2021 8:00 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: Fwd: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or
entity to which it is addressed and may contain confidential information that is legally privileged and exempt from
disclosure under applicable law. If the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly prohibited. If you have received this
communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.

From: CDC IMS 2019 NCOV Response EPI Clearance < 
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
< >
Subject: Fw: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
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Epi TF has reviewed and does not clear this MMWR. Please see the following comments:
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Please address the comments in the attached document and submit clean and tracked copies for re-review.
Additionally, please provide documentation of cross-clearance by STLT, CICP, and HSWS.
 
Thank you,
Leza
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Sent: Saturday, July 10, 2021 12:22 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Clearance Team! This review is complete.
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Thanks!
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 12:32 PM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Team,
 
The attached Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk
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of reinfection – May through June, 2021 - Kentucky," is submitted for review. The deadline for review is
Saturday, 7/10, at 12:30 p.m.
 
The clearance request form notes that CICP, STLT, and HSWS have already cleared this.
 
Leza
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 12:24 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Please see attached clearance form for MMWR 1464.
 
Let me know if I need to do anything additionally at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 9:18 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
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Thank you, Anna!
 
Alyson,
 
I see you attached the manuscript but mention that it still needs co-author feedback, is that correct? When you
are ready to submit for JIC clearance please send the manuscript and the completed request form I have
attached. I have also attached the SOP for moving MMWRs through clearance to help with any questions on
the process going forward.
 
Best Regards,
Katie
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Sent: Friday, July 9, 2021 9:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson (CDC ky.gov)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Hi Katie,
 
Epi TF has "adopted" this manuscript for COVID-19 Clearance and Alyson has submitted to begin the clearance process
with Epi TF. Let me know if you have any questions.
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 9, 2021 8:28 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
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Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Alyson,
 
Is this an FYI that this MMWR is coming for review? Are you asking for any action from the Epi TF at this time?
 
Best,
Katie 
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 7:06 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Good morning,
 
Attached is the manuscript for MMWR 1464 regarding reinfections and vaccination status.
 
I am making some edits based on co-authors’ feedback for 1459, but hope to have the paper ready tomorrow.
 
I believe both will be “adopted” by the vaccine task force because they involve vaccine effectiveness.  Please let me
know any next steps for this submission.
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
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destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov> 
Sent: Thursday, July 8, 2021 2:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Dear Alyson,
 
Following up on your VE/VB MMWR manuscripts, the COVID-19 Response Incident Manager would like to have both
1459 and 1464 published in about a month (see email below). I have copied the Epi Clearance Coordinators
(eocevent210@cdc.gov) and Epi ADS (eocevent496@cdc.gov), who are ready to help you begin the COVID-19
Clearance Process. When do you anticipate submitting these manuscripts?
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Thursday, July 8, 2021 10:07 AM
To: Anderson, Mark (CDC/DDPHSIS/CGH/DGHP) <mea6@cdc.gov>
Cc: Lubar, Debra (CDC/DDID/NCEZID/OD) <dpl9@cdc.gov>; Honein, Margaret (Peggy) (CDC/DDID/NCEZID/DPEI)
<mrh7@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Mark, as mentioned yesterday, Peggy would really like to have these published by end of month-early August. They are
top response priorities. Is there anything I can do to facilitate process?
 

1464 Reinfection associated with vaccination status - Kentucky, May-June 2021 (Alyson
Cavanaugh)

Concept approved
6/30

1459 Low county-level vaccination coverage increases the risk of breakthrough infections
among fully vaccinated Kentucky residents – Kentucky, May 2021 (Alyson
Cavanaugh)

Concept approved
6/30

 
Apologies for not sending this note yesterday.
 
Best,
Charlotte
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Charlotte Kent, PhD, MPH
Editor-in-Chief, Morbidity and Mortality Weekly Report (MMWR) Series
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of

reinfection – May through June, 2021 - Kentucky
Date: Friday, July 30, 2021 5:12:37 PM
Attachments: Cavanaugh_07.29_clean_SSU1.docx

TABLE 1_07.29.21_SSU1.docx
TABLE 2_07.29.21_SSU1.docx
TABLE 3_07.29.21_SSU1.docx
FIGURE_Supplementary_SSU1.docx

Good afternoon,
 
Both CHEO and scientific unit cleared the report with minor comments.  I will address (haven’t
gotten to it yet today L) and plan to submit tomorrow.
 
If there are ANY additional comments from KDPH team, please address now.  It does look like they
are trying to reach the August 6 publication date. 
 
We can always make some minor edit changes through the rest of the process.  However, anything
bigger, please comment at this point. This still has JIC clearance and MMWR submission, but it
seems this is moving quickly at this point.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR) <bae7@cdc.gov> 
Sent: Thursday, July 29, 2021 7:24 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested for clarity.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

[bookmark: _GoBack]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.


[bookmark: _GoBack]TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


[bookmark: _GoBack]TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  




TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  


FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)





EXCLUDED:

Age <18 yrs  (n = 16)







Potential Controls

n = 245,539









Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

[bookmark: _GoBack]*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  Those without a NEDSS ID were excluded because of inability to determine reinfection status.



2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response
Strategic Scientific Unit <eocevent538@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
The SSU pre-clearance team has reviewed your manuscript and we have some required comments
that we request be addressed (see attached; comments on the Supplementary Figure provided in
the body of the manuscript). Contingent on the authors adequately addressing these comments
from SSU and any comments you may have received from CHEO, you can proceed to submit it to the
JIC for clearance.
 
We do not need to review the revised manuscript that addresses our comments. Please let me know
if you have questions.
 
Best wishes,
 
Barbara Ellis, PhD, MS (on behalf of the SSU pre-clearance team)
Cell: 404-216-8294
 
 

From: CDC IMS 2019 NCOV Response Strategic Scientific Unit <eocevent538@cdc.gov> 
Sent: Thursday, July 29, 2021 9:55 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Ellis, Barbara (CDC/DDPHSS/OS/OD)
(CTR) <bae7@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 

Hello Alyson, 

 

Thank you for your submission. Our reviewers have received your request and will provide
feedback within 24 hours. Please let us know if you have any questions in the interim.   

 

If there is any correspondence between the author and reviewer, please copy the Strategic
Science Unit mailbox (eocevent538@cdc.gov) for tracking purposes.   

 

Thank you,
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CDC IMS 2019 NCOV Response Strategic Scientific Unit
Email: eocevent538@cdc.gov 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Thursday, July 29, 2021 7:27 AM
To: CDC IMS 2019 NCOV Response Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS 2019
NCOV Response CHEO Team Clearance <eocevent559@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
Please see clean copies of the manuscript, 3 tables, and 1 figure for MMWR 1464 – Vaccination
associated with reduced risk of reinfection -  May-June, 2021 Kentucky.
 
Please let me know if anything further is needed at this time.
 
Thank you,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: NCIRD Immunization Grantee Mailbox (CDC) <nipgrant@cdc.gov> 
Sent: Monday, August 9, 2021 5:46 PM
To: NCIRD Immunization Grantee Mailbox (CDC) <nipgrant@cdc.gov>
Subject: Weekly Reader 8/9/21: Highlights from VDAPS
 

 
Key highlights for this week include:
 

We Have a New Name!
MMWR Launches a New Site Focusing on COVID-19 Vaccine Effectiveness and Safety
A Message From the Desk of Chris Duggar
New Guidance on Coadministration of COVID-19 Vaccine With Other Vaccines
Be Sure to Screen for Previous COVID-19 Vaccination
School-based Immunization Programs FAQs
Topline Messages for the Week

 

GOOD NEWS!
 
Congratulations! Due in part to the hard work, long hours, and dedication you have shown in fighting COVID-19, the United States has now
met the administration’s goal of vaccinating 70% of US adults vaccinated against COVID-19. Sixty percent of people over 18 years old in the
U.S. are now fully vaccinated!
 
This is a truly unprecedented success. The highest coverage rate for influenza vaccination recently achieved was 48.4% in 2019–2020, and
that was only a single dose instead of a series. Well done! Here is some additional information to put this tremendous achievement into
context:
 

As of August 9, 2021, it’s been 238 days since the first delivery of COVID vaccines in the USA
405 million doses delivered

400 million doses distributed is the equivalent to 5 years of distribution under the CDC Vaccines for Children Program
165 million Americans are fully vaccinated
70% of adults age 18+ have received at least 1 dose
90% of adults age 65+ have received at least 1 dose

70% & 90% coverage with an adult vaccine equivalent (read: seasonal influenza) has never been achieved before
In the past 5 years, adult seasonal flu vaccine coverage has averaged <48%. Sometimes coverage in adults 65+ has
approached 69%. This number has been eclipsed by the current rate of 90% of 65+ year-olds having received 1 dose!

Most of this work is done by CDC and State personnel…we recognize and appreciate you!

 
We Have a New Name!
 
On August 2, 2021, two changes were introduced to the Vaccine Task Force organizational chart. First, the Distribution & Federal
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Partners (DFP) section was renamed Vaccine Distribution, Awardee and Partner Support section (VDAPS). Second, to achieve
organizational efficiencies, the Vaccine Jurisdiction Support (VJS) section (which includes the Vaccine Coordination Cell) was
relocated under the newly renamed VDAPS section. This reduces Vaccine Task Force footprint and improves communication and
coordination within the CDC in support of the critical jurisdictional activities of the VCC.
 

 

DID YOU KNOW?
 
MMWR Launches a New Site Focusing on COVID-19 Vaccine Effectiveness and Safety
 
CDC’s primary publication for disseminating the science it produces is the Morbidity and Mortality Weekly Report, better known as
MMWR. The staff at MMWR has just launched a new landing page to help people find the latest information on COVID-19 vaccine
effectiveness and safety at https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 

 
 

 
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — COVID-NET, 13
States, February–April 2021
 
 
Eleven years ago this week, the World Health Organization declared an end to the last global pandemic—the 2009 H1N1 influenza
pandemic. The decision was based on epidemiological and virological data and the correct prediction by public health authorities
that H1N1 would continue circulating as an annual strain.
 
 
 
Gratitude Corner
The past 34 weeks have shown the importance and effectiveness of on-the-ground public health workers like you. There is no way

IR#0588 - KT DPH - Production_000165

I Distribution By the Numbers 
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that we could have come together as a nation to administer 350 million vaccines without your commitment, dedication, and hard
work. We are so grateful to YOU!
 
A Message From the Desk of Chris Duggar
 
As we return from summer, the COVID-19 immunization efforts will begin to look different. The United States has achieved
incredible vaccine coverage in 35 weeks of mass vaccination. While this has dramatically reduced morbidity and mortality, the
need for vaccine administration continues.
 
If I had to capture the nuances of the COVID vaccination program (from ancillaries & allocations, EUAs, the J&J/Janssen “pause,”
and finally waste) it is understandable that we have needed to operate a highly focused program within the national response—
often due to those very nuances. However, as we begin day 240 of COVID-19 vaccine administration, the shift to normalization and
integration with other vaccine programs begins.
 
Many clinics, pharmacies, and partners will be offering flu shots, back to school immunizations, and shaking the dust off the
regular immunization schedules. Public health has begun assessing COVID-19 vaccine inventory to determine where doses exist in
the field and reducing inventory in transition to a normalized vaccine program.
 
Moving forward, co-administration of COVID-19 vaccine with other available vaccines will be one of the greatest tools in our
arsenal as immunization programs begin to look and act like their former selves. As we begin to integrate with other vaccine
programs, we believe the lessons learned from the COVID-19 vaccination efforts will help to make all of our vaccine programs
stronger.
 
Thank you for all of your hard-earned achievements.
 
 

 

DISTRIBUTION OFFICE HOURS 
AUGUST 10, 5PM–6PM ET 

Click here to join the meeting
 
New Guidance on Coadministration of COVID-19 Vaccine With Other Vaccines
COVID-19 vaccines and other vaccines may now be coadministered without regard to timing. Until recently, COVID-19 vaccines
were recommended to be administered alone, with a minimum interval of 14 days before or after administration of any other
vaccines. New data shows that immunogenicity and adverse event profiles are generally similar when vaccines are administered
simultaneously as when they are administered alone.
Find more additional information and best practice tips at Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC
Reminder: Communication and Education Resources
 
We want to remind you that the CDC COVID-19 Vaccine Task Force maintains a Communication and Education Product Inventory
on the Awardee SharePoint portal in the “COVID-19 > Communication Content” folder. Check out the “New Content” tab with the
latest webpages.   
   
The product inventory is an index of key content compiled to support awardee needs, organized by product category and by
stakeholder. It is updated at least once a week. Recent updates to the Communication and Education Product Inventory include:    
 
COVID-19 Vaccine FAQs for Healthcare Professionals
Janssen COVID-19 Vaccine (Johnson & Johnson) Questions
Moderna COVID-19 Vaccine Questions
Pfizer-BioNTech COVID-19 Vaccine Questions
Resources for Jurisdictions, Clinics, and Organizations
Inventory Manager User Manual
Open Registration
 
Back to School Resources
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Though lots of us are still enduring 90° F+ temperatures, school is already starting in many of our communities. New resources are
available to help public health and school workers reach out to students and staff as they return to in-person learning.
 
The Back to School Toolkit from the federal We Can Do This COVID-19 Public Education Campaign has resources for school district
leaders, teachers, parent leaders, and school supporters that want to help increase confidence in and uptake of COVID-19 vaccines
in their school communities, answer questions, and outline school guidance about COVID-19.
 
The Guide to On-Site Vaccination Clinic for Schools has specific suggestions and tips for how schools can host pop-up vaccine
clinics for students returning to in-person learning, as well as a list of resources available to make school-located clinics happen.
For detailed step-by-step instructions for how to facilitate school-based vaccination clinics, you can use the resources at
Considerations for Planning School-Located Vaccination Clinics and On-Site Vaccination Clinic Toolkit.
 
 

 
Coming Soon: Flu Vaccine Data on Vaccines.gov (New!)
 
As the flu season approaches, and in coordination with CDC’s flu vaccination campaign, jurisdictions, providers, and pharmacies
will be able to publicly display flu vaccine availability through Vaccines.gov. Providers and jurisdictions will not be asked to report
flu vaccine inventory quantities daily (as is needed for COVID-19 vaccine).
 
In the coming weeks, the Vaccines.gov team will provide more information, including guides and training materials, on how to add
flu vaccine data to the system so that locations administering flu vaccine can be displayed on Vaccines.gov.
 
If your jurisdiction reports on behalf of your providers and you are interested in onboarding providers to report flu vaccine data,
please send an email to CARS_HelpDesk@cdc.gov with your request.
 
 

 
Be Sure to Screen for Previous COVID-19 Vaccination
 
Public concern over new COVID-19 variants is growing, and federal authorities are analyzing data to determine if a 3rd dose of
vaccine might be needed at some point in the future among specific populations. A number of pharmacists and jurisdictions have

reported encountering patients who do not report their previous vaccine doses in order to get an additional 3rd dose.
 
Please diligently screen patients and check patients’ vaccination history in the appropriate local Immunization Information

System (IIS) registry prior to administering the vaccine when possible. Should the pharmacy discover a 3rd dose was
inadvertently administered, CDC advises the following:
 

Review https://www.cdc.gov/vaccines/covid-19/downloads/covid19-vaccine-errors-deviations.pdf
Contact the patient and provide the clinical guidance, and explain to patient to monitor and report any side effects that occur to the
pharmacy and through the v-safe application.

Ensure the patient has received information on the v-safe application.
Complete a VAERS report for the patients and keep a copy on file in the pharmacy for a minimum of 3 years.

Amend the VAERS report as needed if the patient reports any further issues.
Contact the patient’s physician or primary health care provider to report the incident and document the issue and keep a
copy in the pharmacy files for a minimum of 3 years.

If the patient does not have a physician or primary health care provider, document this and maintain a copy in the
pharmacy files for a minimum of 3 years.

Review the actions and processes that led to the administration error and take steps to correct and prevent this from
occurring again.

Amend workflow to check with your state’s IIS before administering the vaccine to catch these types of issues.
If administration fees were billed to the patient’s insurance plans, consider reversing the claims to avoid potential audits
related to fraudulent claims.

 
One way to avoid administration errors is to encourage all staff to complete the CDC online training available at Vaccine Webinars
(cdc.gov).
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State Immunization Manager Inventory Redistribution Assistance
 
Data on field inventory indicates that efforts to redistribute vaccine across jurisdictions has been very successful. Still, some
providers are struggling to find locations willing to accept excess inventory. In these instances, CDC recommends you contact your
State Immunization Manager for assistance locating providers in your jurisdiction that may be able to accept redistributed vaccine.
Likewise, you can check with your State Immunization Manager for assistance locating vaccine inventory in your area prior to
ordering new vaccine. You can help reduce field inventory and reduce vaccine wastage. Let’s use every dose! 
 
A list of State Immunization Program Managers is available at:
https://www.immunizationmanagers.org/page/MemPage
 
School-based Immunization Programs FAQs
 
In follow-up to the President’s announcement last week, and your questions to CDC, we are providing the following FAQs
regarding school-based vaccination clinics.
 
School-Based Vaccination Clinics
 

Q: How are federal retail pharmacy partners assisting?
On July 29th, in an effort to get more kids 12 and older vaccinated, President Biden called on school districts
nationwide to host at least one pop-up vaccination clinic over the coming weeks. As part of that effort, the
Administration is encouraging Federal Retail Pharmacy Program partners to work with school districts to host on-site
vaccination clinics. Federal pharmacy partners have already conducted around 2,500 school-based clinics; we are
asking partners to build on that progress with a renewed push to host these clinics in the coming weeks ahead of
back-to-school and as students return. As needed, pharmacy pop-up clinics will give a second dose at a second
school-based clinic or at a nearby pharmacy store.

 
Q: How should federal pharmacy partners report on progress?

The Administration asks that pharmacy partners continue to report metrics on completed school-based clinics to CDC
on a biweekly basis. Please work with your teams to ensure that reporting is as complete as possible. This reporting
will assist the Administration in tracking progress. We also encourage you to share success stories so that the
Administration can highlight this important work.

 
Q: How can I contact school districts to offer clinics?

We ask pharmacy partners to proactively reach out to local school districts.  The Department of Education will be
sharing the On-Site Vaccination Clinic Toolkit with school districts who may reach out to pharmacy partners through
their established points of contact. You are encouraged to reach out to schools and districts you have worked with
before, or any other nearby schools or districts, whom you are willing to host. Your proactive outreach to school
districts will be very helpful in setting up these clinics.

 
Q: Can pharmacy partners choose to co-administer the influenza vaccine at the school-based clinics?

Yes, pharmacies can choose to co-administer the COVID-19 vaccine and influenza vaccine.
 

Q: What more can I be doing to help in this effort?
We welcome additional steps by pharmacy partners to work with schools in setting up dedicated vaccination clinics
for their staff and students, and to promote vaccination to adolescents and their parents as part of your pharmacy’s
regular outreach. This may include additional signage in store on vaccination geared towards students and families of
nearby high schools and middle schools; sending push notifications, texts, and emails to customers reminding them
to get vaccinated as part of back to school; and featuring vaccination prominently in any of your public health
outreach materials for back to school.

 

 
TOPLINE MESSAGES FOR THE WEEK
 

COVID-19 vaccines are widely available. Getting a COVID-19 vaccine is fast, easy, and free. CDC recommends everyone 12 years and
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older get vaccinated.
Getting vaccinated helps prevents severe illness, hospitalization, and death; it also helps reduce the spread of COVID-19 in
communities.
Over 70% of the U.S. adult population has already received at least one dose, and 60% of adults are fully vaccinated (67.7% of the
population age 12 and older have been vaccinated with at least one dose, and 58% have been fully vaccinated).
Vaccination is more urgent than ever, as the Delta variant causes an increased number of cases in areas across the United States. The
highest number of cases and severe outcomes are happening in places with low vaccination rates.
To help prevent the spread of Delta and protect others, CDC recommends that everyone (including fully vaccinated people) wear a
mask in public indoor settings in areas with substantial or high spread of COVID-19.
In addition, CDC recommends universal indoor masking for all teachers, staff, students, and visitors to K–12 schools, regardless of
vaccination status. Children should return to full-time in-person learning in the fall with layered prevention strategies in place.
A recent MMWR reviewed vaccine safety data in adolescents and concluded that some adolescents experience mild reactions after
receiving the Pfizer-BioNTech COVID-19 Vaccine, but serious adverse events are rare.

MMWR Study: COVID-19 Vaccine Safety in Adolescents Aged 12–17 Years — United States, December 14, 2020–July 16, 2021
| MMWR (cdc.gov)

The U.S. Food and Drug Administration authorized an extension of the shelf life for Johnson & Johnson’s Janssen COVID-19 Vaccine
from 4.5 months to 6 months (an additional 45 days).

 

 
Whitelist Email Addresses
 

Whitelist Email Addresses                               
Pfizer Customer Service                 cvgovernment@pfizer.com                       
For confirmation of the ancillary kit shipment                  donotreply@pfizer.com                 
For communication from Controlant, including:                 

Notice at time of vaccine shipment with tracking
information         
Exceptions for either shipment delay or cancellation         
Delivery Quality Report         

Pfizer.logistics@controlant.com                  

24/7 support inbox and line. Contact this address for issues or call 1-
701-540-4039 or 1-855-442-668765 to reach the Controlant 24/7
hotline.                 

support@controlant.com                 

All temperature notifications and alerts will come from this email
address. This address must be unblocked to receive temperature
notifications.                  

onsitemonitoring@controlant.com                 

Inbox for government relations (state & federal) and USG dashboard
only. Hospitals/clinics should not contact this address.                 

usgov.projects@controlant.com                 

Moderna Customer Service             1-866-MOD-ERNA or 1-866-663-3762              
Email: excursions@modernatx.com             

Janssen Customer Service         Phone:              
800-565-4008 (or) 1-908-455-9922              
Email: JSCCOVIDTEMPEXCURSION@its.jnj.com             

For communications from McKesson
regarding Moderna/Janssen vaccine order shipments                 

CDCCustomerService@McKesson.com                
CDCnotifications@McKesson.com                   

For communication from McKesson about ancillary kits                 SNSSupport@McKesson.com                 
VaccineFinder onboarding email to set up an account (no-reply)       vaccinefinder@auth.castlighthealth.com                   
COVID-19 DCH new user registration details and Two-
Factor Authentication via email                   

covdch-no-reply@cdc.gov                    

Help desk for Provider Enrollment and Data Lake
questions                   

IZDLhelpdesk@cdc.gov                   
                   

VAMS help desk                   VAMSHelp@cdc.gov                   
Registration for Clinic, Employer, and Jurisdiction Portals          
Confirmation of bulk upload files for
3rdParty recipients, organization, and employee bulk imports     
 

VAMS@CDC.gov                   
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System notifications (e.g., system downtime, trainings)          
One-time passwords during login, recipient registration                    
Recipient email communications related to appointments                   

no-reply@mail.vams.cdc.gov                   

VTrckS Provider Order Portal (VPoP) new user registration
details and Two-Factor Authentication via email (Federal and
Pharmacy Partners ONLY)          

vpop-no-reply@cdc.gov                    
                   

Data Clearinghouse (DCH) emails                  covdch-no-reply@cdc.gov                 
**NEW** To receive auto-generated email updates for COVID-19 Lot
Number Expiration Date Reporting registration         

No-reply@emailupdates.cdc.gov         

 
For additional assistance:    
 

  I need help with…                  Contact…                 

Pfizer vaccine shipment has a
problem                  

Pfizer Customer Service                  
Phone # (800) 666-7248                   
Email:  cvgovernment@pfizer.com                  

Pfizer ancillary kit has a problem                  Contact McKesson MedSurg to report              
SNSSupport@McKesson.com                

           
           
           
              
              
Moderna/Janssen vaccine shipment has a
problem                  

Vaccine Viability – Temperature Excursions during shipment for McKesson
Specialty Distributed COVID Vaccine                  
           
Supports calls/emails from provider/admin sites and awardee or
federal/pharmacy ordering points of contact.                  
Questions/concerns about vaccine viability issues during shipment must be
reported on the same day as delivery.                   
              
Phone:               
(833) 272-6635 Mon-Fri, 8 a.m. - 8 p.m.ET                   
Email: COVIDVaccineSupport@McKesson.com  (only send email if after
hours)                  
              
Shipment issues/questions other than vaccine viability concerns              
Supports call/emails from awardee or federal/pharmacy ordering points of
contact only.  Providers/admin sites must work through their jurisdiction or
program.              
              
Phone:              
(833) 343-2703 Mon-Fri, 8 a.m. - 8 p.m. ET              
Email: COVIDVaccineSupport@McKesson.com                

J&J/Janssen vaccine shipment has a
problem              

Phone: 800-565-4008 (or) 1-908-455-9922               
Email: JSCCOVIDTEMPEXCURSION@its.jnj.com              

Moderna/Janssen ancillary kit has a
problem                  

McKesson Specialty                 
Phone #: (833) 343-2703              
Email: COVIDVaccineSupport@McKesson.com                

Temperature excursions within the
Clinic/Site                  

Call the Manufacturer              
Moderna:              
1-866-MOD-ERNA or 1-866-663-3762               
Email: excursions@modernatx.com              
           
Pfizer:                 
Phone # (800) 666-7248                   
Email:  cvgovernment@pfizer.com                  
           
Janssen:             
Phone: 800-565-4008 (or) 908-455-9922               
Email: JSCCOVIDTEMPEXCURSION@its.jnj.com              

General IIS Inquiries                  IIS Support: IISInfo@cdc.gov                  
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Provider Enrollment Data                  IZ Data Lake Support:  IZDLhelpdesk@cdc.gov                  
VTrckS Ordering, Provider Master Data,
Returns & Wastage Extracts                  

VTrckS ExIS Support: VTrckSExIS@cdc.gov                  
VPoP (Federal Partners): VTrckSExIS@cdc.gov                  

VTrckS Allocations, Tracking and
Shipment                  

Vaccine Order Management Contact
Center: Vaccineordermgmt@cdc.gov                  

Vaccines.gov/VaccineFinder Support            Available M-F, 8am – 8pm ET       
Email: CARS_HelpDesk@cdc.gov        
Phone: 1-833-748-1979       

Reporting Administration Data via CVRS
Data Extract                  

CVRS Support: IZGateway@cdc.gov               
Data Clearinghouse: DCHInfo@cdc.gov               
Pharmacy Liaison: eocevent481@cdc.gov               

VAMS                  These help options are only for jurisdictions and providers using VAMS:                  
VAMS Help Desk: 1-833-957-1100 **preferred contact method**                  
VAMS Help: VAMSHelp@cdc.gov                  

V-safe                   eocevent523@cdc.gov                   
HHS Protect/Tiberius                   Log-in: Protect-ServiceDesk@hhs.gov                    

Platform: ows-support@palantir.com                    
Microplanning: ows-support-microplanning@palantir.com                    

 
  
 

PLEASE DO NOT RESPOND OR REPLY DIRECTLY TO THIS E-MAIL

This message has been sent to program managers and field staff. Please review the individual announcements for
contact information. If you do not see any contact information and need additional information, please contact your
program manager. If you need access to the ISD Awardee SharePoint site, please contact your supervisor or your CDC
project officer for more information.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH)
Cc: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP)
Subject: Fwd: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021 |

MMWR
Date: Sunday, August 8, 2021 6:15:13 PM

Kelly,

As an FYI - there was a media request for radio interview with Dr. Marc Siegel for Monday
morning. 

I will connect with Melissa at CDC because I am not available at proposed time. 

V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626

NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only
for the use of the individual or entity to which it is addressed and may contain confidential
information that is legally privileged and exempt from disclosure under applicable law. If the
reader of this message is not the intended recipient, you are notified that any review, use,
disclosure, distribution or copying of this communication is strictly prohibited. If you have
received this communication in error, please contact the sender by reply e-mail and destroy all
copies of the original message.

From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Sent: Sunday, August 8, 2021 5:40 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP)
Subject: Fwd: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination —
Kentucky, May–June 2021 | MMWR
 
What's your schedule like in the morning? Up for doing this around 10:30? We could have
another brief prep call at 10 if you like to talk through some tips for radio interviews. Just let
me know if other times would work better. Thanks!!

Sent from my Verizon, Samsung Galaxy smartphone
Get Outlook for Android

From: Siegel, Marc <Marc.Siegel@nyulangone.org>
Sent: Saturday, August 7, 2021 7:03:31 AM
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To: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Cc: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov>
Subject: Re: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky,
May–June 2021 | MMWR
 
Sure. I am looking to discuss on the radio
Available to discuss today or Monday

 

Sent from my iPhone

On Aug 7, 2021, at 12:08 AM, Brower, Melissa (CDC/DDPHSS/CSELS/OD)
<ggk5@cdc.gov> wrote:



[EXTERNAL]

Happy to help.  Dr. Siegel, what’s your availability for a call on Monday?
 
Best,
 
Melissa
 
Melissa Brower, MMC
Public Affairs Specialist
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
Office: 404-639-4718
Cell: 404-903-0241
mbrower@cdc.gov
 
 

From: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov> 
Sent: Friday, August 6, 2021 9:22 PM
To: Siegel, Marc <Marc.Siegel@nyulangone.org>; Brower, Melissa
(CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Subject: Re: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination
— Kentucky, May–June 2021 | MMWR
 
Including Melissa here who can put you in touch with the author. Thanks
Tom Skinner
Senior Public Affairs Officer, CDC
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From: Siegel, Marc <Marc.Siegel@nyulangone.org>
Sent: Friday, August 6, 2021 9:15:09 PM
To: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov>
Subject: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination —
Kentucky, May–June 2021 | MMWR
 
Very important study. 
Would love to discuss with Dr Brooks
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm

Sent from my iPhone

------------------------------------------------------------
This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain information that is proprietary, confidential, and exempt
from disclosure under applicable law. Any unauthorized review, use, disclosure, or
distribution is prohibited. If you have received this email in error please notify the
sender by return email and delete the original message. Please note, the recipient
should check this email and any attachments for the presence of viruses. The
organization accepts no liability for any damage caused by any virus transmitted by this
email.
=================================
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From: CDC IMS 2019 NCOV Response STLT TF HDS Comms Section
To: Harris, Scott (CDC adph.state.al.us); Davidson, Sherri (CDC adph.state.al.us); Massingale, Sharon (CDC

adph.state.al.us); jamey.durham@adph.state.al.us; McLaughlin, Joseph (CDC alaska.gov); Zink, Anne (CDC
alaska.gov); coleman.cutchins@alaska.gov; Porter, Kimberly (CDC alaska.gov); kelsey.pistotnik@alaska.gov;
matthew.bobo@alaska.gov; Nua, Motusa Tuileama (CDC doh.as); Ttufa, A (CDC doh.as); Sili, Benjamin (CDC
doh.as); Christ, Cara (CDC azdhs.gov); Komatsu, Kenneth (CDC azdhs.gov); Brady, Shane (CDC azdhs.gov);
Goode, Dana (CDC azdhs.gov); Venkat, Heather (CDC azdhs.gov); Dillaha, Jennifer (CDC arkansas.gov);
jose.romero@arkansas.gov; James, Allison (CDC arkansas.gov); Chai, Shua (CDC cdph.ca.gov); Watt, James
(CDC cdph.ca.gov); Blocher, Tricia (CDC cdph.ca.gov); Arwady, Allison AA (CDC cityofchicago.org); Pacilli,
Massimo (CDC cityofchicago.org); maribel.chavez-torres@cityofchicago.org; Ghinai, Isaac (CDC
cityofchicago.org); Jill.ryan@state.co.us; Stasinos, Greg (CDC state.co.us); Herlihy, Rachel (CDC state.co.us);
Travanty, Emily (CDC state.co.us); Sosa, Lynn (CDC ct.gov); Provenzano, Francesca (CDC ct.gov); Razeq, Jafar
(CDC ct.gov); Gifford, Deidre (CDC ct.gov); William.Gerrish@ct.gov; Cartter, Matthew (CDC ct.gov); Leung,
Vivian (CDC ct.gov); Benjamin.Bechtolsheim@ct.gov; Bart, Stephen (CDC ct.gov); Rattay, Karyl (CDC
state.de.us); Hong, Rick (CDC delaware.gov); Pleasanton, Christina (CDC delaware.gov);
Steven.Blessing@delaware.gov; Offutt-Powell, Tabatha (CDC state.de.us; Offutt-Powell, Tabatha (CDC
delaware.gov); Smith, Erica (CDC delaware.gov); paul.hess@delaware.gov; Davies-Cole, John (CDC dc.gov);
Iyengar, Preetha (CDC dc.gov); Samo, Marcus (CDC fsmhealth.fm); Johnson, Eliaser (CDC fsmhealth.fm);
Barrow, Lisa (CDC fsmhealth.fm); Pongliyab, Ruotpong (CDC fsmhealth.fm); Blackmore, Carina (CDC
flhealth.gov); marie-claire.rowlinson@flhealth.gov; Edison, Laura (CDC dph.ga.gov); Gettings, Jenna (CDC
dph.ga.gov); Drenzek, Cherie (CDC dph.ga.gov); Ghuman, Harjinder (CDC dph.ga.gov); Minarcine, Scott (CDC
dph.ga.gov); Bell, Charlisa (CDC dph.ga.gov); david.newton@dph.ga.gov; arthur.sanagustin@dphss.guam.gov;
Pobutsky, Ann (CDC dphss.guam.gov); Santos, Annemarie (CDC dphss.guam.gov); libby.char@doh.hawaii.gov;
Kemble, Sarah (CDC doh.hawaii.gov); Gose, Remedios (CDC doh.hawaii.gov); Kern, Judy (CDC doh.hawaii.gov);
Carter, Kris (CDC dhw.idaho.gov); Shaw-Tulloch, Elke (CDC dhw.idaho.gov); Hahn, Christine (CDC
dhw.idaho.gov); Patrick, Sarah (CDC illinois.gov); Kauerauf, Judy (CDC illinois.gov); heidi.clark@illinois.gov;
charles.williams@illinois.gov; ngozi.ezike@illinois.org; Pontones, Pamela (CDC isdh.in.gov); Hawkins, Eric (CDC
isdh.in.gov); Norman, Lee (CDC ks.gov); Ahmed, Farah (CDC kdheks.gov); Gunsalus, Myron (CDC ks.gov);
Pedati, Caitlin (CDC idph.iowa.gov); Kintigh, Bethany (CDC idph.iowa.gov); dex.walker@idph.iowa.gov; michael-
pentella@uiowa.edu; Garcia, Kelly (CDC dhs.state.ia.us); Winter, Kathleen T (CHFS DPH DEHP); Thoroughman,
Douglas (CHFS DPH); Stack, Steven J (CHFS DPH); Balter, Sharon (CDC ph.lacounty.gov); Terashita, Dawn (CDC
ph.lacounty.gov); Fogleman, Stella (CDC ph.lacounty.gov); Sokol, Theresa (CDC la.gov); joseph.kanter@la.gov;
sean.simonson@la.gov; kimberly.hood@la.gov; Winder, Sundee (CDC la.gov); Krueger, Anna (CDC maine.gov);
Farmer, Ann (CDC maine.gov); Robinson, Sara (CDC maine.gov); kristen.coaty@maine.gov; Shah, Nirav (CDC
maine.gov); Pote, Ken (CDC maine.gov); Blythe, David (CDC maryland.gov); Dennis.Schrader@Maryland.gov;
Acharya, Jessica (CDC maryland.gov); jinlene.chan1@maryland.gov; Feldman, Katherine (CDC maryland.gov);
Pearlowitz, Marcia (CDC maryland.gov); Myers, Robert (CDC maryland.gov); Adams, Sherry (CDC maryland.gov);
amalloy@CDCFoundation.org; Vongchan, Patrick (OS/ASPR/EMMO); Bastedo, Shelsy (OS/ASPR/EMMO);
Woolslayer, Christine (HHS/OASH); Duwell, Monique MD (CDC maryland.gov); Manning, Susan (CDC
state.ma.us); larry.madoff@mass.gov; Bharel, Monica (CDC state.ma.us); Smole, Sandra (CDC state.ma.us);
Milesky, Kerin (CDC state.ma.us); Brown, Catherine (CDC mass.gov); OlsenC2@michigan.gov; Lyoncallo, Sarah
(CDC michigan.gov); Collins, Jim (CDC michigan.gov); McFadden, Jevon (CDC michigan.gov);
scottl12@michigan.gov; Lynfield, Ruth (CDC state.mn.us); Dobbs, Thomas (CDC msdh.ms.gov); Byers, Paul
(CDC msdh.ms.gov); Craig, Jim (CDC msdh.ms.gov); Ware, Daphne (CDC msdh.ms.gov); Vaughn, Wayne (CDC
msdh.ms.gov); Turabelidze, George (CDC health.mo.gov); Robert.knodell@health.mo.gov;
Adam.Crumbliss@health.mo.gov; Cool-Shimanek, Maggie (CDC mt.gov); Williamson, Laura (CDC mt.gov);
Gibson, Deborah (CDC mt.gov); OLoughlin, Kevin (CDC mt.gov); Smith, Dannette (CDC nebraska.gov); Anthone,
Gary (CDC nebraska.gov); Donahue, Matthew (CDC nebraska.gov); Buss, Bryan (CDC nebraska.gov); Ling,
Angela (CDC nebraska.gov); Sherych, L (CDC health.nv.gov); Peek, Julia (CDC health.nv.gov); Peek-Bullock,
Melissa (CDC health.nv.gov); Bennett, Shannon (CDC health.nv.gov); Chan, Benjamin (CDC dhhs.nh.gov);
Lindsay.J.Pierce@dhhs.nh.gov; Hull, Torane (CDC dhhs.nh.gov); Patricia.Tilley@dhhs.nh.gov; Bean, Christine
(CDC dhhs.nh.gov); Leigh.cheney@dhhs.nh.gov; R01-RRCC-PlanningSection@fema.dhs.gov; Persichilli, Judith
(CDC doh.nj.gov; Tan, Christina CT (CDC doh.nj.gov); Anschuetz, Greta (CDC doh.nj.gov); Johnson, Dana (CDC
doh.nj.gov); Cervantes, Kim (CDC doh.nj.gov); Thomas, Deepam (CDC doh.nj.gov); Lifshitz, Edward (CDC
doh.nj.gov); Kirn, Thomas (CDC doh.nj.gov); Carothers, Barbara (CDC doh.nj.gov); David.Adinaro@doh.nj.gov;
Diana.Bauer@doh.nj.gov; Denise.Anderson@doh.nj.gov; Katharine.McGreevy@doh.nj.gov; Greeley, Rebecca
(CDC doh.nj.gov); kelly.anderson-thomas@doh.nj.gov; bhavani.sathya1@doh.nj.gov; Sirjue, Thalia (CDC
doh.nj.gov); Martinez-Mejia, Andrea (CDC doh.nj.gov); Theresa.Lewis@doh.nj.gov; Satyam.Patel@doh.nj.gov;
Dana.Woell@doh.nj.gov; Hannah.Hergert@doh.nj.gov; raissa.sanchez@doh.nj.gov; Richard.siderits@doh.nj.gov;
Reed.Magleby@doh.nj.gov; Ross, Christine (CDC state.nm.us); Sosin, Daniel (CDC state.nm.us); Hicks, Joseph
(CDC state.nm.us); traciec.collins@state.nm.us; laura.parajon@state.nm.us; Hughes, Scott SH (CDC
health.nyc.gov); Maldin, Beth (CDC health.nyc.gov); Quinn, Celia (CDC health.nyc.gov); ICS-LNO-
Chief@health.nyc.gov; ICS-LNO-DOfficer@health.nyc.gov; Weiss, Don (CDC health.nyc.gov);
mpersaud@health.nyc.gov; Reddy, Sudha (CDC health.nyc.gov); Layton, Marci (CDC health.nyc.gov); Metroka,
Amy (CDC health.nyc.gov); Ackelsberg, Joel (CDC health.nyc.gov); Blaney, Kathleen (CDC health.nyc.gov); Saad,
Eduardo (CDC health.nyc.gov); lstalvey@health.nyc.gov; Zielinski, Lindsay (CDC health.nyc.gov); McGibbon,
Emily (CDC health.nyc.gov); bbadenhop@health.nyc.gov; Eiras, Daniel (CDC health.nyc.gov); Ahuja, Shama
(CDC health.nyc.gov); jsulliv2@health.nyc.gov; JVarma@cityhall.nyc.gov; dchokshi@health.nyc.gov;
nafshar@health.nyc.gov; Madad, Syra (CDC nychhc.org); Fine, Annie (CDC health.nyc.gov);
guerral1@nychhc.org; smckenney@health.nyc.gov; dlee8@health.nyc.gov; atesfayerogoza@health.nyc.gov;
pryland@health.nyc.gov; csantos2@health.nyc.gov; mmickle@health.nyc.gov; aramautar@health.nyc.gov;
Crouch, Bindy (CDC health.nyc.gov); guerral1@nychhc.org; smckenney@health.nyc.gov; Santiago, Celina (CDC
health.nyc.gov); ejeffrey1@health.nyc.gov; ecabato@health.nyc.gov; gcovault@health.nyc.gov; Schillinger, Julia
(CDC health.nyc.gov); tstylesmd@health.nyc.gov; Harper, Scott (CDC health.nyc.gov); Zucker, Howard (CDC
health.ny.gov); Lutterloh, Emily (CDC health.ny.gov); Belinda.Ostrowsky@health.ny.gov;
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Health Department Weekly Email
August 6, 2021

Dear Health Department Colleagues,

Please see this week’s news and noteworthy items below. Topics range widely and include eviction
moratorium status, updated school guidance, a new festivals COVID-19 planning toolkit, vaccination
incentives, and more.

Is there anything specific that you would like to see featured? Please do not hesitate to email any
questions and suggestions to our Health Department Section Communications Team:
eocevent501@cdc.gov.

Thank you all for your continuing dedication to your communities,
STLT Support Task Force, Health Department Section

Breaking News
CDC Issues Eviction Moratorium Order in Areas of Substantial and High
Transmission
CDC Director Dr. Rochelle Walensky signed on August 3, 2021 an order determining the evictions of
tenants for failure to make rent or housing payments could be detrimental to public health control
measures to slow the spread of SARS-CoV-2, the virus that causes COVID-19. This order will expire on
October 3, 2021 and applies in United States counties experiencing substantial and high levels of
community transmission levels of SARS-CoV-2.

For more detailed information, please see the full media statement and link to order.

New + Notable
New Festivals and Other Multi-Day Large Gatherings: COVID-19 Planning
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Festivals and Other Multi-Day Large 
Gatherings: COVID-19 Planning Toolkit for 
Health Departments 
 
August 2021 


Overview 
This toolkit aims to help health departments prevent the spread of COVID-19 at multi-day events that 
are expected to draw large numbers of people. It includes checklists, resources, and a case study that 
state and local health departments, event planners, vendors, and other partners can use to anticipate 
and plan for some of the challenges they could encounter.  


For the purposes of this document, the term “festival” refers to any planned large gathering of people 
that lasts more than one day. Examples include music festivals, food festivals, harvest festivals, and state 
and county fairs. Of particular concern now are the more than 120 events with at least 20,000 attendees 
planned for this summer and fall in U.S. areas with substantial and high levels of COVID-19 transmission. 


Initial Checklist 
Some important items to consider when determining whether a festival should take place and the 
appropriate measures needed to mitigate the risk of COVID-19 spread include: 


 Level of disease spread and vaccination coverage in the area where the event will be held. 
 Level of disease spread in areas where attendees are coming from and approximate vaccination 


coverage among attendees based on available public health info. 
 How much indoor space is available for attendees to maintain physical distance and how much 


outdoor space is available. 
 Feasibility of using mitigation measures, such as requiring attendees to physically distance and 


wear masks, providing good ventilation, setting up handwashing stations, and cleaning 
frequently touched surfaces. 


 Available resources and capacity for testing staff and attendees for infection at the venue, 
providing health care to people with COVID-19 symptoms, having isolation plans for them, and 
conducting case investigations and contact tracing in the jurisdiction.  


Resources 
CDC Large Events and Gatherings Info: 


• Community Organizations and Gatherings 
• Event Planning and COVID-19: Questions and Answers 


 


Implementing COVID-19 Related Prevention Activities at Festivals 
Pre-Festival Planning and Coordination 
To help ensure a successful event with little or no transmission of COVID-19, all partners should be part 
of the planning and coordination of the event. This includes state and local health departments, event 



https://covid.cdc.gov/covid-data-tracker/#county-view

https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/index.html

https://www.cdc.gov/coronavirus/2019-ncov/community/large-events/event-planners-and-attendees-faq.html
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organizers, vendors, and additional local partners (e.g., local homeland security/emergency 
management agencies, local law enforcement, city government, and local hospitals). In addition, health 
departments can use the case study and actions below to anticipate and plan for some of the challenges 
they could encounter. 


Case Study 
• A four-day music festival was held in June 2021 with more than 20,000 attendees,600 staff and


15 performing acts/bands. Around 5,000 attendees stayed overnight in neighboring campsites.
Additional attendees included local residents and out-of-town participants who stayed at nearby
homes or other rental accommodations. At the time of the event, there were no state mask
mandates or physical distancing requirements.


• Before the event, county officials approved the event permit after a review process involving
the county public health department. Public health and event planners agreed on mitigation,
messaging, and testing/vaccination options for staff and attendees.


• All staff, musicians, and artists were required to show "proof of vaccination or proof of negative
COVID-19 test result taken within 48 hours" for entry.


• Festival coordinators had plans in place to isolate any attendees with COVID-19 symptoms to
prevent potential exposure and to recommend that they be tested for COVID-19.


• State health department staff used a mobile vaccination unit to coordinate vaccine distribution
during the festival.


• The state health department provided materials for antigen/PCR testing at the venue and
county health staff coordinated testing for the event’s medical team. Testing was free and no
incentives were provided. County health staff requested that all people entering medical tents
be screened for SARS-CoV-2, the virus that causes COVID-19, regardless of symptoms. Attendees
who tested positive were required to isolate from other attendees and staff.


• Organizers displayed signs encouraging attendees to physically distance themselves from others
by 3 feet (a shorter distance than the CDC-recommended 6 feet), wear masks, and stay home
when sick. COVID-19 prevention messages were displayed on venue screens between music
sets. The festival website included a statement for transparency provided by the county on the
high rates of the COVID-19 Delta variant circulating in the area.


• Overall, adherence to mitigation strategies and uptake of testing and vaccination at the festival
were low:


o Organizers did not verify proof of COVID-19 vaccination or a negative test result.
o They also did not clearly define the isolation policy for people who tested positive on-


site. No attendees with positive test results were identified. Had any been identified,
they would have been asked to leave; however, their access to the festival grounds was
not restricted and the festival had no designated location where they could isolate.


o There were no visible signs indicating testing availability or directing attendees where to
get tested.


o Signs announcing that vaccination was available on-site were visible and prominently
displayed, but unfortunately, did not draw large numbers of takers.
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Pre-Festival Planning Checklist 
 Schedule planning meetings as early as possible before the event that include all partners (e.g., 


festival organizers, venue operators, spokespersons and community leaders, safety, security, 
and medical teams) with a role in implementing COVID-19 mitigation measures. 
 Consider the CDC Community Mitigation Framework for mitigation implementation.  
 Provide situational awareness on local COVID-19 transmission to partners. 
 Go through the checklists in this guidance for mitigation measures required and 


document how they will be implemented. 
 Consider CDC recommendations that unvaccinated individuals should continue wearing 


a mask until they are fully vaccinated. CDC also recommends that fully vaccinated 
individuals wear a mask indoors in public if in an area of substantial or high 
transmission. Note that CDC’s recommendations are subject to change. 


 Create a plan to educate staff and attendees to ensure they know that they should NOT 
come to the event If they become sick with COVID-19 symptoms, test positive for 
COVID-19, or have been exposed to someone with symptoms or someone with 
suspected or confirmed COVID-19.   


 Require proof that all staff, musicians, and artists are fully vaccinated or negative for 
COVID-19 by test result taken within 48 hours of entry to the festival. 


 Conduct frequent communication prior to and during the festival between health department 
and festival organizers to ensure contractual adherence to COVID-19 mitigation measures. 


 Designate a local health department point of contact and event staff Safety lead who will work 
together to address all COVID-19 related situations and concerns. 


 Ensure that all agreements and logistical plans are agreed upon in writing, and conduct walk-
throughs in advance of and during the event. 


 Create a plan for behavioral health messaging before, during, and after the event. 
 Engage influencers and entertainers early on to encourage safe attendance through social media 


and other channels. Make sure that all partners are sharing consistent messages. 
 If testing and/or vaccinations are required in advance of an event, identify a means to validate 


the results. 
 Check in with event planners to discuss how local health staff can ensure proper mitigation for 


the event during the set-up phase.  
 Plan for evaluation and include milestones to evaluate progress. 
 Monitor local transmission indicators (CDC COVID Data Tracker is an option for county level 


information) and create contingency plans for the event if transmission remains stable or 
substantially increases. 


 Consider using mobile cell phone data to help determine the number of attendees, the number 
of campers (if relevant), where they visited most in nearby cities, and what jurisdiction they 
arrived from for information gathering in attendee information as a baseline and for potential 
contact tracing context. 


 Plan for contact tracing support following the festival for any people with positive test results 
identified within the state or for those returning to locations out of state. 


Resources 
• Interim Public Health Recommendations for Fully Vaccinated People | CDC 



https://www.cdc.gov/coronavirus/2019-ncov/community/community-mitigation.html

https://covid.cdc.gov/covid-data-tracker/#datatracker-home

https://covid.cdc.gov/covid-data-tracker/#datatracker-home

https://covid.cdc.gov/covid-data-tracker/#datatracker-home

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
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• CDC COVID Data Tracker 
 
Events and Gatherings: Preparing for if Someone Gets Sick 
Consider the following checklists when making initial preparations before the event for if someone gets 
sick with COVID-19. 


Before Someone Gets Sick Checklist 
 Make sure that staff and attendees know that if they get sick at the event, they should notify 


event planners (e.g., the designated COVID-19 point of contact) right away. 
 Develop systems to: Allow staff and attendees to self-report to administrators if they have 


symptoms of COVID-19, a positive test for COVID-19, or were exposed to someone with COVID-
19 within the last 14 days. 


 Notify individuals of closures and restrictions put in place to limit COVID-19 exposure. 
 Develop staff policies for returning to the venue after COVID-19 illness. CDC’s criteria to 


discontinue home isolation and quarantine can inform these policies. 
 Identify and create an isolation room or area to separate anyone who has COVID-19 symptoms 


or who has tested positive but does not have symptoms. 
 Develop procedures for safely transporting anyone who is sick to their home or to a healthcare 


facility. 
 Develop a plan to support staff and attendees experiencing trauma or challenges related to 


COVID-19. 


When Someone Gets Sick 
 Immediately separate individual(s) with COVID-19 symptoms from others. 
 Safely transport sick individuals home or to a healthcare facility, depending on how severe their 


symptoms are. 
 If calling an ambulance or bringing someone to the hospital, try to call first to alert them that 


the person may have COVID-19. 
 Close off areas used by a sick person and do not use these areas until after cleaning and 


disinfecting them (for outdoor areas, this includes surfaces or shared objects in the area, if 
applicable). 


 Advise sick individuals that they should not return to the venue until they have met CDC’s 
criteria to discontinue home isolation. 


After Someone Gets Sick 
 In accordance with state and local laws and regulations, notify local health officials, staff, and 


families of a person with COVID-19 while maintaining the individual’s confidentiality in 
accordance with the Americans with Disabilities Act (ADA). 


 Notify individuals of closures and restrictions put in place due to COVID-19 exposure. 
 Advise those who have had close contact with a person diagnosed with COVID-19 to stay home, 


self-monitor for symptoms, and follow CDC guidance if symptoms develop. 
 Close off areas used by the person who is sick and do not use those areas until after cleaning 


and disinfecting. Wait as long as possible (at least several hours) before you clean and disinfect.  
 If less than 24 hours have passed since the person who is sick or diagnosed with COVID-


19 has not been in the space, cleaning and disinfect the space.  



https://covid.cdc.gov/covid-data-tracker/#datatracker-home

https://www.cdc.gov/coronavirus/2019-ncov/hcp/disposition-in-home-patients.html
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 If more than 24 hours have passed since the person who is sick or diagnosed with 
COVID-19 has been in the space, cleaning is enough. You may choose to also disinfect 
depending on certain conditions or everyday practices required by your facility.  


 If more than 3 days have passed since the person who is sick or diagnosed with COVID-
19 has been in the space, no additional cleaning (beyond regular cleaning practices) is 
needed.  


 Make sure of safe and correct use and storage of cleaning and disinfection products, 
including storing them securely away from children. 


Resources 
• CDC’s Events and Gatherings: A Readiness and Planning Tool  
• Race to End COVID Playbook   
• Cleaning and Disinfecting Your Facility | CDC 


Logistics for Testing and Vaccination  
Providing testing and vaccination at venues where large numbers of people are congregating can offer a 
convenient opportunity for people to access these services in a friendly setting. Offering vaccination at 
venues where large numbers of people are attending can increase equitable vaccine access. When 
setting up these activities at a festival, consider the following: 


Testing and Vaccination Logistics Set Up Checklist 
 Location: Ideally, set up testing and vaccination activities in a safe and secure yet convenient 


area to ensure visibility.  
 Promotion: Encourage attendees before, during, and after an event to get tested and 


vaccinated. 
 Before: Promote testing and vaccination during the ticketing process, on the event 


website, on social media, and in any follow up materials that are sent to attendees. 
Consider the use of incentives (e.g., backstage pass or front row seating) or promotions. 


 During: Use signs directing attendees to the testing and vaccination locations, 
announcements between sets or activities, and PSAs on screens. Maximize celebrity 
engagement to promote services. Employ friendly staff who are experienced with direct 
patient care and discussing the benefits of COVID-19 testing and vaccines. 


 After: Emphasize the importance of testing and vaccination in follow-up emails sent to 
attendees or with any post-event surveys that are sent out. Maintain registration lists in 
case a larger follow-up effort is needed. 


 Timing: Consider timing of testing and vaccination. 
 Testing: Encourage testing before the event to make sure people don’t come if they’re 


positive. Alternatively, consider administering rapid antigen tests at the beginning of the 
event as a screening tool for attendees. In this case, be transparent with attendees 
about consequences for them if they have positive results via rapid test on-site. 


 Vaccination: Organizers should encourage attendees to get fully vaccinated before 
attending the event. In general, people are considered fully vaccinated 2 weeks after 
their second dose in a 2-dose series, such as the Pfizer or Moderna vaccines, or 2 weeks 
after a single-dose vaccine, such as Johnson & Johnson’s Janssen vaccine. For on-site 
vaccinations, consider offering them to people as they are leaving, as most people 



https://www.cdc.gov/coronavirus/2019-ncov/community/disinfecting-building-facility.html#certain-conditions

https://www.cdc.gov/coronavirus/2019-ncov/downloads/community/COVID19-events-gatherings-readiness-and-planning-tool.pdf

https://www.cdc.gov/coronavirus/2019-ncov/php/communications.html

https://www.cdc.gov/coronavirus/2019-ncov/community/disinfecting-building-facility.html
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would likely prefer that any potential side effects not occur during the event. Have clear 
plans for registration areas and the required 15-minute waiting period after vaccination. 


Testing 
Testing Options Checklist  
 State and local health departments can use their field testing resources and vendors to set up a 


testing tent or table at an event. 
 Federal resources are also available for pop-up testing. The U.S. Department of Health and 


Human Services (HHS) Increasing Community Access to Testing (ICATT) program provides no-
cost testing to at-risk, underserved, disproportionately affected populations, and schools. ICATT 
leverages state and private sector partners, such as the Talladega Super Speedway, to provide 
no-cost testing to bring testing to people where they are. For additional questions on testing, 
email ICATT at ICATT@HHS.GOV. Contact your CDC Health Department Liaison Officer at 
eocevent375@cdc.gov for more details.  


 Tests with rapid result turnaround (e.g., antigen) could be more efficient than laboratory PCR 
testing to provide actionable results within minutes. Understand that more false negatives occur 
with rapid tests.  


 Consider requiring all staff to provide a negative test if they are not vaccinated and consider 
requiring additional screening such as daily temperature and symptom checks. 


Resources 
CDC Testing Guidance: 


o Interim Guidance for SARS-CoV-2 Testing in Non-Healthcare Workplaces 
o Antigen Testing for Screening in Non-Healthcare Workplaces  


 
Vaccination 
Vaccination Option Checklist 
 Consider offering either the single dose vaccine, such as J&J/Janssen COVID-19 vaccine, or the 


two dose vaccines, such as the Pfizer or Moderna vaccines. If the COVID-19 vaccine to be 
offered at the festival requires two doses, make plans for how to share information about how 
to get the second dose within the appropriate time window. 


 State and local health departments can use their state resources, such as the National Guard, or 
their mobile vaccine units to provide on-site vaccinations to event attendees. Consider 
scheduling appointments and be prepared for walkups.  


 Federal resources may be available to support vaccine administration. Contact your CDC Health 
Department Liaison Office at eocevent375@cdc.gov for more details. 


Resources 
CDC Vaccination Guidance: 


o Interim Public Health Recommendations for Fully Vaccinated People 
o COVID-19 Vaccine Community Toolkit 
o Key Operational Considerations for Jurisdictions Planning to Operate COVID-19 


Vaccination Clinics 
o Guidance for Planning Vaccination Clinics | CDC  



mailto:ICATT@HHS.GOV

mailto:eocevent375@cdc.gov

https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/testing-non-healthcare-workplaces.html

https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/testing-non-healthcare-workplaces.html

https://www.cdc.gov/coronavirus/2019-ncov/community/workplaces-businesses/antigen-testing.html

mailto:eocevent375@cdc.gov

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/toolkits/community-organization.html

https://www.cdc.gov/vaccines/covid-19/downloads/Key-Op-Considerations-COVID-Mass-Vax.pdf

https://www.cdc.gov/vaccines/covid-19/downloads/Key-Op-Considerations-COVID-Mass-Vax.pdf

https://www.cdc.gov/vaccines/hcp/admin/mass-clinic-activities/index.html
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Logistics for Mitigation 
To help reduce on-site transmission of SARS-CoV-2, consider the actions below.  


Logistics Checklist 
 Require proof of a negative SARS-CoV-2 test within three days prior to the event or proof of 


vaccination. 
 Install physical barriers, create pods, or block off seats to separate attendees into smaller 


groups. 
 Modify audience layouts to create static groups or cohorts of individuals and avoid mixing 


between groups. 
 Regularly clean high-touch surfaces and objects. 
 Provide free masks and hand sanitizer for attendees. Encourage mask use as appropriate. CDC 


recommends that unvaccinated individuals should continue wearing a mask until they are fully 
vaccinated. CDC also recommends that fully vaccinated individuals wear a mask indoors in public 
if in an area of substantial or high transmission. Note that CDC’s recommendations are subject 
to change.   


 Provide cashless payment options. 
 Set up handwashing/sanitation stations throughout the venue. 


 
Resources 


• Interim Public Health Recommendations for Fully Vaccinated People | CDC 
• CDC COVID Data Tracker 
• Guidance for Implementing COVID-19 Prevention Strategies in the Context of Varying 


Community Transmission Levels and Vaccination Coverage | MMWR (cdc.gov) 
 
Behavioral Health Messaging 
To help ensure a safe event, communicate written and verbal messaging before, during, and after the 
festival. The following checklists identify ways local health departments and event organizers can 
broadly share consistent messages with attendees. 


Messaging Before the Event Checklist 
 Email and text attendees information on COVID-19 vaccines and when to get vaccinated before 


an event to ensure full vaccine efficacy upon arrival. Use social media and email attendees to 
share any requirements or mitigation measures that would be in place during the event and 
suggest items to bring such as facial masks and hand sanitizer.  


 Place reminders such as “Wear a mask” on tickets and bracelets. 
 Promote COVID-19 vaccination and testing on entertainers’ and influencers’ social media and 


events page. 


Messaging During the Event Checklist 
 Provide them with messages and have event entertainers, influencers, and vendors speak about 


COVID-19 mitigation and vaccination. Invite state and local health representatives to speak 
about COVID-19 in a culturally appropriate way. 



https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#:%7E:text=Among%20strategies%20to%20prevent%20COVID,of%20substantial%20or%20high%20transmission.

https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#:%7E:text=Among%20strategies%20to%20prevent%20COVID,of%20substantial%20or%20high%20transmission.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html

https://covid.cdc.gov/covid-data-tracker/#datatracker-home

https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#:%7E:text=Among%20strategies%20to%20prevent%20COVID,of%20substantial%20or%20high%20transmission.

https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#:%7E:text=Among%20strategies%20to%20prevent%20COVID,of%20substantial%20or%20high%20transmission.
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 Consider asking “mask champions” to encourage people to wear masks to the festival.  
 Place signs around the venue reminding attendees to practice proper precautions. Use arrows 


and place markers to indicate where people should stand and move throughout the event.  
 Promote adherence to mitigation through social media; create a hashtag where attendees can 


post photos and videos of themselves wearing masks that can be shared by event organizers, 
celebrities, and state and local health departments. 


 Promote vaccination at the event by offering credit toward food, drinks, and merchandise. Give 
away T-shirts or other prizes to vaccinated attendees or have raffles where vaccinated 
attendees can win VIP access or meet-and-greet sessions with celebrities attending or 
performing at events.  


 Have mask monitors select random mask wearers from the crowd and show them on “fan cams” 
as they receive vouchers or giveaways tossed to them.     


Messaging After the Event Checklist   
 If needed based on the vaccine offered, place signs at exits to remind attendees who got 


vaccinated during the event to get their second shot at the appropriate time. 
 Encourage attendees who develop COVID-19 symptoms after the event to get tested. 
 Send a text message, IM, and email to attendees alerting them to a positive test among 


attendees if it is linked back to the event. This might encourage them to get tested and 
vaccinated.   
  


Event Evaluation  
Consider implementing a brief post-event evaluation to help mitigate secondary cases of COVID-19 and 
ensure better mitigation, logistics, and messaging at future festivals in an area.   


  
Post-Event Checklist 
 Set up a debrief meeting with festival organizers and local public health staff involved in the 


event planning and execution to discuss successes and challenges related to the COVID-19 
mitigation strategies implemented. 


 Discuss ways to improve COVID-19 mitigation strategies at future events by asking questions 
such as these: 
 What corrective actions can be developed to improve large gathering plans, policies, 


and procedures based on past festivals/events? 
 What are the top three strengths and the top three weaknesses requiring 


improvement? 
 What worked well during the event? 
 What areas of improvement were revealed? Which areas are priorities? 


 Incorporate specific, measurable, achievable, relevant, and time-bound (SMART) corrective 
actions to address capability gaps and shortcomings for future festivals/events. 
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Introduction 


This playbook offers a framework for planning and conducting community-based COVID-19 testing and vaccination events at car 
racetracks. These events encourage participation by offering an incentive, namely the chance for participants to drive their own 
car around the track. 


These events, referred to individually and collectively as the Race to End COVID, are envisioned as partnerships between state, 
tribal, local, and territorial (STLT) health departments; National Association for Stock Car Auto Racing (NASCAR); and/or local 
racetracks, whether league-affiliated and/or independently owned. 


Race to End COVID events can be held at any point before or after a race, depending on the track and other partner availability 
and commitment. While community interest in a track event may be highest in the 2 to 3 weeks before or after a race, the event 
could also be paired with a non-race event at the racetrack to boost attendance. 


In conjunction with the Alabama Department of Public Health, the Centers for Disease Control and Prevention (CDC), CDC 
Foundation, and the U.S. Department of Health and Human Services Increasing Community Access to Testing (HHS ICATT) team 
partnered with NASCAR, Talladega Superspeedway and the Alabama National Guard to hold the first Race to End COVID in May 
2021. This playbook shares lessons learned and successful practices for STLT and private sector partners interested in replicating 
its success in other communities across the United States. 


Race to End COVID events held at other tracks nationwide can offer important public health benefits, including: 


• Increasing demand for COVID-19 vaccination and testing—critical interventions for slowing and stopping the spread of 
disease in communities.


• Informing and educating communities about COVID-19 vaccination, testing, and prevention behaviors with accurate 
information from trusted community partners.


• Normalizing COVID-19 vaccination and testing in a community.
• Linking people who get tested for COVID-19 with vaccination opportunities in the community, especially when two-dose 


vaccine series are started at the event (or an event is held with only testing).
• Understanding through evaluation what motivates people to seek testing and vaccination by engaging or participating 


in new partnerships and incentive offerings. 


An effective public health response to the COVID-19 pandemic involves the whole community, including the local health 
authority (i.e., the STLT health department) and, potentially, members of the private sector. Public-private partnerships may offer 
a good way to promote public health messages and inform health behaviors to slow the spread of COVID-19.1 


1Depending on venue (i.e., racetrack) considerations, some components of Race to End COVID events may not be possible
during race events (e.g., providing vaccinations on race day). These models may involve delayed incentives for participants 


 and are not addressed directly in this playbook.
3 
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Race to End COVID-19 – Case Study 


It may help to consider a case study of a Race to End COVID event to decide if such an event is the right choice for your 
community. On May 15, 2021, the Alabama Department of Public Health successfully partnered with Talladega Superspeedway 
to hold the first Race to End COVID event in Lincoln, Alabama, on the Talladega Superspeedway grounds. Partners in the event 
included: 


• Talladega Superspeedway
• Alabama National Guard
• U.S. Department of Health and Human Services, Increasing Community Access to Testing (HHS ICATT)


team
• Centers for Disease Control and Prevention (CDC)
• CDC Foundation


This 1-day pilot event, led by the Alabama Department of Public Health, included COVID-19 vaccinations, distributed by the 
Alabama National Guard, and COVID-19 testing, provided by the HHS ICATT team through its contractor, eTrueNorth. The pilot 
event was a drive-up only event to protect staff from potential exposure. A copy of the eTrueNorth testing playbook is included 
in this toolkit as Appendix A. CDC provided evaluation support, and a sample evaluation instrument can be found as Appendix G. 
CDC Foundation provided communication support and on-site photography. 


Use of incentive(s) 


Notably, NASCAR and the Talladega Superspeedway offered an incentive to encourage participation. Any participant who 
attended and received a COVID-19 vaccine or got tested for COVID-19 was offered the chance to drive two laps around the track 
in a personal vehicle at highway speeds behind a pace car. 


The Race to End COVID event ran from 9 a.m. to 5 p.m. and drew hundreds of participants from as far away as northern Virginia. 
However, a true measure of success of this event was wide national and international media coverage, helping to increase interest 
in COVID-19 vaccination and testing and sending a clear message that these interventions are for everyone. A copy of the press 
release from the event and a media summary are included as Appendix B. 


The event implementation steps in this toolkit reflect process improvements based on lessons learned from the Talladega 
Superspeedway pilot event.
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Steps for a Successful Race to End COVID-19 


A Race to End COVID event can help people unaware of or hesitant to receive COVID-19 vaccination and testing to consider these 
potentially life-saving interventions. These events can also garner significant attention in the media, increasing the reach and 
impact of the event beyond those who attend. Consider these steps if you would like to host a Race to End COVID in your 
community. 


Step 1: Deciding to Host a Race to End COVID 


As with all activities initiated by a state or local health department, consider and 
follow the rules and regulations for interacting with private sector partners and for 
conducting community events. Consider the following questions to determine 
whether a public-private sponsored community event could be the right approach 
for your community: 


• Does this partnership model reach the audience you are seeking to reach for
testing and vaccination based on your epidemiologic and demographic
data?


• Does your organization have at least one staff member and supporting
leadership who can commit to designing and executing a community event?


o If yes, what resources can your organization provide?
o What resources do you need from the community or partners?


• How will your organization promote the event?
• What are the costs, and how will these costs be covered?
• How will you evaluate and/or identify lessons learned from this event to share


findings or possibly host a similar event in the future?


The lead for the Race to End COVID, typically a state or local health department, will be 
responsible for leading the planning process for the event. Before engaging partners, consider whether you have internal 
support for the event and identify a project manager. The project manager can oversee outreach to partners such as those listed 
below and can manage progress toward the event goal. This could take up to 50% of the project manager’s time, assuming no 
other staff are involved, for about 6 weeks. 


Step 2: Engaging a Host Partner 


A racetrack partner is key to implementing this partnership event. NASCAR developed this model with CDC and can help with 
outreach to its affiliated tracks. In this case, you can make contact with the track through CDC’s COVID-19 Response Partnerships 
and Risk Management (PRM) Team. However, some tracks are independently owned. You can reach out to independently owned 
tracks directly, especially if a relationship already exists. If the health department team needs help with outreach, contact CDC’s 
PRM Team at eocevent337@cdc.gov. 


Tracks host major events regularly, year-round. Track availability is the first step in determining the timing for a Race to End COVID 
event. As you approach a potential track partner be aware that:  


• In many cases, racetracks host one of the largest, if not the largest, events in a state each year. Therefore, it is unlikely their
staff will be able to support activities related to a Race to End COVID event in the weeks leading up to a major race event.


• Vaccination and testing at major race events (during a NASCAR race weekend, for instance) are not a consideration for
this model as the incentive of track laps could not be offered in this case.


• Race to End COVID events may be most successful, and most easily conducted, 2 to 3 weeks after a major race event. This
allows the track staff ample time to prepare.


NASCAR provides a list of NASCAR-affiliated racetracks with key race dates (2021). 


However, independently owned racetracks may also consider hosting a Race to End COVID event. You will need to reach out to 
the independent racetracks for their schedules. 



mailto:eocevent337@cdc.gov

https://www.nascar.com/nascar-cup-series/2021/schedule/
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Step 3: Engaging Additional Partners 


To make your event a success, you’ll need to engage several partners. While these 
may vary for each state, some partners to consider for the planning committee and 
rationale for outreach are on the following page. 


• Racetrack Leadership
o Provide oversight of track engagement
o Engage other track staff to support logistics and promotion
o Provide waivers for people participating in the incentive


• Centers for Disease Control and Prevention
o Provide connection to NASCAR and/or track outreach
o Share technical assistance based on experience with previous


events
o Connect with the CDC Foundation for promotional support


• HHS ICATT Team
o For the first Race to End COVID event in Alabama, HHS provided


COVID-19 testing, at no charge to the state, through its contractor
eTrueNorth


• Local Health Department (possibly in partnership with National Guard or
contractor)


o Administer COVID-19 vaccines
o Provide logistical support on the day of the event


Other partners may also be helpful. With so many partners, a memorandum of 
understanding is recommended. An example agreement is included as Appendix C. 
The racetrack will also require a space agreement. 


Step 4: Logistics 
The planning process should begin as soon as possible before the event date, ideally at least 6 weeks before. Responsibilities for 
the public health department include: 


• Direct the planning process
o Facilitate about one to two calls per week with key partners for the first few weeks, then move to more frequent


calls closer to the launch.
• Solidify legal agreements (space agreement and memorandum of understanding) with the partners, including the


track.
• Lead promotion of the event, engaging all partners in the process.
• Work with the track to conduct community outreach and any pre-events for community influencers.
• Reach out to CDC for evaluation support.


On-site logistics will take a great deal of planning. It can be a challenge to estimate the number of participants expected at 
any event. Key logistical considerations include: 


• Will pre-registration for testing and/or vaccination be required?
o If so, where will the registration link be hosted?
o What types of platforms will be used for testing and/or vaccination registration (e.g., website, phone 


number)?
• Will you take drive-ups that are not pre-registered?


o If so, where will these cars park to fill out on-site registration paperwork?
• How will you handle situations where people in the same vehicle have differing times for vaccination and testing?
• Where on the track will testing and vaccine administration be conducted?
• How will cars be directed to the track for the incentive?
• How will cars be directed off the track after the incentive?
• Will people be required to remain in their cars? 


Judy Monroe, CDC Foundation President and CEO, 
and Talladega Superspeedway President, Brian 
Crichton at the Race to End COVID pilot event at 
Talladega Superspeedway. 
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• What vaccine(s) will be offered?
• Is a second dose needed?
• If so, is a second event scheduled at the same track?
• Do you have reminder cards on hand for the event?
• When will the walk-through to ensure proper setup and other logistics be 


conducted?
• When will the dry run be conducted? 


Talladega Pilot Example: A map of the layout for the pilot event at Talladega Superspeedway is included as Appendix D. 
Testing and vaccination were conducted inside the track garages. This added significantly to the experience, allowing 
community members to have a behind-the-scenes look at the track. Pre-registration for testing was encouraged but not 
required. No pre-registration was available for vaccination. Pre-registration links were hosted on the event page. At the 
pilot event, all participants were asked to stay in their vehicles. This provided a safer environment for the staff conducting 
testing and vaccination services and for the track staff, reducing the risk of COVID-19 spread.


A walk-through of the setup at the racetrack, with all planning partners represented, was organized 5 days before the 
event. Setup and multiple dry runs were conducted the day before the event. All materials were left on-site so that the 
event could begin with minimal setup on the day of the event. 


Based on experience with the pilot event, future Race to End COVID events should ideally be planned for more than 1 
day. Ideally, the event would be conducted for at least 2 days, if not 2 full weekends. This approach allows time for word-
of-mouth to build and may increase attendance and impact. 


Step 5: Promoting Your Event 


One critical element of planning a Race to End COVID event is developing a promotion plan. Track partners may leverage their 
existing marketing efforts to promote the event via their website, social media, and traditional media. Media and community 
outreach should happen at least 2 weeks before the event. Having a discussion early in the planning process about promotions 
helps public and private partners bring together their promotional resources, align messages, and amplify event messaging. 
Decide early on which logos will be used in the promotional materials: Will all partners be listed? Or will promotions focus on the 
lead public health partner and the private partner? 


Consider the possible need for disclaimers on promotional materials. Always allow time for partners to review and approve 
materials that include their brand name. If shared logo use is desired, allow time for these agreements to be established. 


Based on experience with the pilot event, we recommend that you: 


• Develop a communication plan and social media toolkit for the event.
o Include a timeline for communications and outreach.


 To ensure success, outreach must happen at least 2 weeks before the event.
o Include sample tweets and Facebook posts, including sample cover and profile photos.
o Develop shared talking points and FAQs.
o Identify organizational spokespeople who can conduct interviews before and during the event.
o Include stock photos and video clips that the racetrack may have for media.


• Press releases by the lead organization and the racetrack should go out 2 weeks before the event.
o Expect the track press release to generate increased interest outside of the state.
o Be prepared for interviews on the track in advance of the event.


• Consider engaging local, state, or national celebrity influencers at the event or in advance of the event through social
media.


• Consider outreach to local businesses and other community organizations.
o Explore a pre-event for local business owners, chief executive officers (CEOs) and human resource directors 2


weeks before the Race to End COVID event, to encourage their employees to participate–especially if the event is
held during business hours.


 Invite these representatives to the track to do a walk-through of the site and hear about the incentive.
 Educate these representatives on the importance of this effort for the community.
 Encourage these representatives to allow their employees to attend the Race to End COVID event and ask


them to consider incentivizing employee participation.



https://www.alabamapublichealth.gov/covid19/talladega.html

oev4
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o Partner with local school districts to advertise to school staff and parents that there will be vaccines available
for various age groups at the time of the event (e.g., the Pfizer-BioNTech vaccine for children ages
12 - 18 years).


 At the Talladega event, drivers younger than 16 were permitted to drive on the track with a parent or
guardian based on track guidelines and state driving age requirements.


o Outreach to community centers, places of worship, and universities could bolster local participation.


• Work with site partners to ensure you have good signage on-site and around the community.
• Advertise the event with flyers.


o Look for business partners that may be able to direct patrons to the Race to End COVID, such as gas stations
or grocery stores.


o Share flyers with community influencers like stylists at hair salons/barber shops, dentists and family
physicians, and pediatricians.


• Consider tailored social media ads, such as on Facebook or other platforms, to reach the target population.


Additional considerations and resources: 


• A copy of the press release for the pilot event can be found as Appendix B.
• A copy of the social media toolkit for this event can be found in Appendix E. 


Step 6: Holding Your Event 


Now is the time to see your hard work and preparation pay off! Below is a list of helpful tips as the event 
approaches: 


• Fully set up the event the night before to avoid any delays on the day of the event.
• Have plenty of staff on hand for the day of the event to help set up, hand out materials and answer questions from


attendees.
• Designate specific people to serve as event representatives to talk to media.
• As previously noted, it may be helpful to have prepared talking points on how to answer general questions.
• Be sure public health staff who can answer community questions and represent local public health authorities are


present.
• Ensure that you have multilingual representatives who can answer questions from your community and that you have


printed materials in multiple languages, if needed.


Other considerations for the day of your event: 


• Have you alerted law enforcement agencies of the event (if necessary) for traffic control, security, and awareness?
o Do you have Emergency Medical Services (EMS) available on-site in case of accidents, anaphylaxis, or other


healthcare emergencies?
• Do you have a plan for traffic control?


o Consult with the track as they are experts in traffic control around their race days.
• Do you have water, restrooms, and spaces for staff/volunteers to rest (this may be an especially important


consideration for events held outdoors in hot or cold weather)?
• Do you have a place to take a break from the heat, if needed?
• Does the track have a process for people to sign waivers as soon as they enter the property?


o Who will staff this station?
• Have you communicated your expectations for wearing masks to staff/volunteers?
• How will you handle any participants who take the incentive and then refuse to get tested or vaccinated?
• Is the signage effective in delineating “Testing,”, “Vaccination,” and “Testing and Vaccination” lanes? Do you have a


place for cars to park and fill out paperwork to avoid waits?
• Is the local radio station aware of the event, and have they been invited to participate?
• Are other local news outlets aware of the event and have they been invited to participate or cover it?
• Will you share real-time updates via social media?
• Do you want to hire a photographer to document the event?
• If you are evaluating the event, where will participants fill out their survey/be interviewed?
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Step 7: Post-Event Wrap-Up 


Congratulations! You’ve reached the finish line for your event. Creating and sharing a short report with event metrics with 
your partners can help show the impact of your partnership. In the days following the event, it may be helpful to generate as 
many metrics as possible to characterize the event’s impact. Every event has elements of success and challenge. Consider 
gathering key members of the event staff for a debriefing. Gathering in this way can help you celebrate your successes as an 
organization and improve your performance at future events. 


Key considerations as you evaluate your event: 


• Can you assess the social media reach of your event?
o For help with this, please contact CDC at eocevent337@cdc.gov.


• Can you assess the traditional media reach of the event?
o A sample media summary can be found as Appendix B.


• How will you plan to share the results from your event—as a concrete number or as a generality (e.g., “Hundreds
were tested and vaccinated.”)?


• Will you publicly thank all partners?
o If so, are all partners comfortable with the framing of that message?
o Will this be done via Facebook, Twitter, or on another platform?


• Will you conduct a follow-up event?
• Will any partners blog about the event?
• Can you quickly share event photos?
• How will participants or community members reach out after the event with any questions or concerns?



mailto:eocevent337@cdc.gov
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Expect partners and the media to be interested in quick access to event photos and numbers as soon as the event is 
over. For the pilot event, more general attendance numbers were provided. The CDC Foundation provided an on-site 
photographer to capture event images. The photo release forms for these photos allowed all partners to access the 
photos for their own use. The CDC Foundation also created a blog post summarizing the event. 


It is a good idea to plan for how you will publicly acknowledge the partnerships and the event. For recognition of any 
Race to End COVID events, please include “and our friends at NASCAR,” with any tweets, posts, or mentions, as NASCAR is 
responsible for generously proposing the incentive that serves as the basis for this model. You can also publicly 
acknowledge tracks not affiliated with NASCAR. 


CDC Links for COVID-19 Communication Tools 


• Communication
Resources


• COVID Vaccinations
• COVID Testing
• Communication Toolkits



https://www.cdcfoundation.org/blog/race-end-covid-19

https://www.cdc.gov/coronavirus/2019-ncov/communication/index.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html

https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/testing.html

https://www.cdc.gov/coronavirus/2019-ncov/communication/toolkits/index.html
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Race to End COVID Checklist and Timeline 


Major Task (Pre-Event) Who Provides This Suggested Timeline Status (e.g., Not Critical 
(Organization/ started, ongoing, current 
Person Responsible) complete) issues/notes 


Identify internal State Health As soon as possible 
project manager Department (SHD) 
Set up opportunity SHD As soon as possible 
exploration call with 
all partners 
Set up calls and coordinate SHD 4+ weeks before event 
with all partners (e.g., one 
to two calls per week 
initially, daily calls 2 weeks 
before event) 
Select dates SHD & Track Partner 4+ weeks before event 
Confirm incentive(s) SHD & Track Partner 4+ weeks before event 
Legal agreements signed All 4 weeks before event 
by all partners 


• Memorandum of
Understanding
(MOU)


• Space agreement
Promotion of event SHD with At least 2 weeks before 


partners’ support event, preferably 4 weeks 
Engage local, state, SHD, CDC-Foundation 2-4 weeks before event
or national celebrity 
influencers 
Conduct community SHD, Track partners 2-4 weeks before event
outreach 
Engage CDC for SHD 4 weeks before event 
evaluation support 
Conduct event walk- All 1 week before event 
through on-site 
Conduct on-site walk- All 1 day before event 
through and set-up 
(day before or day of) 
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Testing Pilot Events Planning Status 


Checklist Example 1: Meeting Agendas 


Opportunity Exploration Call Topics 


• Purpose, objectives, and project
proposal


• Roles and responsibilities
• Promotion and media initial discussion
• Future meeting rhythm expectations


Ongoing Meeting Topics (week 1 through launch, see checklist below): 


• Logistics
o Sites, days, and times
o Operations and testing flow


• Legal
• Promotion
• On-site management
• Incentives
• Community-based organizations (CBOs) or other


partners


Example 2: Checklist for Ongoing 
Meetings 


Logistics 


◻ Location confirmed
o Drive-up event
o Walk-up event


◻ Dates confirmed
o ____________


◻ Walk-through planned
o ____________


◻ Walk-through summary communicated to all partners
o Partner 1
o Partner 2
o Partner 3


◻ On-site signs to identify roue of event
◻ Pre-registration has been set up for testing (eTrueNorth) and vaccinations (SHD) if


applicable
◻ Walk-up/Drive-up registration is fully operational
◻ On-site signs to identify route of event
◻ Pre-registration has been set up for testing (eTrueNorth) and vaccinations (SHD) if


applicable
◻ Walk-up/Drive-up registration is fully operational
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Legal 


◻ Memorandum of understanding (MOU) drafted with partner roles/
responsibilities


◻ MOU approved by the Office of General Counsel (OGC)
◻ MOU approved by each partner’s counsel
◻ Limited-use space agreement reviewed by OGC
◻ MOU and use agreements are signed
◻ Legal documents are distributed to all partners


Promotion 


◻ Promotion workgroup formed and all partners are
represented


◻ Press release drafted and shared with all partners
◻ Quotes provided by all partners
◻ Gain approval for the use of logos and brand names
◻ Include disclaimers on promotional materials
◻ Partners reviewed and approved materials
◻ Social media plan developed


o Event hashtag: ___________
◻ Identified on-site photographer
◻ Photo release forms have been shared with on-site staff
◻ Media clearances in place
◻ Talking points for media have been provided to staff
◻ Leadership is prepared for media interviews


On-site Management 


◻ Testing contractor is in place
◻ Testing contractor has performed a setup day/dry run
◻ State Points of Contact have participated in the dry run
◻ All on-site staff are aware of procedures if there are any on-site


challenges
◻ All on-site staff have a full list of contact information for headquarters


staff


Incentives 


◻ Confirm
incentive(s)


Community Based Organizations/Other Partners 


◻ All staff participating are clear on roles and
responsibilities


◻ Partner staff are trained and participate in dry run
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Appendix A: eTrueNorth Playbook
eTrueNorth Playbook
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Appendix B: Pilot Event Press 
Releases 


Pilot Event Press Releases 


Alabama Department of Public Health 
The RSA Tower, 201 Monroe Street, P.O. Box 303017, Montgomery, AL 36130-3017 


(334) 206-5300 • FAX (334) 206-5520 Web Site: alabamapublichealth.org 


NEWS RELEASE 


Join the Race to End COVID with testing and vaccination event at Talladega Superspeedway Participants offered a free drive on 
the track May 15. 


FOR IMMEDIATE RELEASE 


CONTACT: 


NOTE TO MEDIA: Free photos and video are available for download at 
http://www.dropbox.com/sh/3sddbllj0zzjgx6/AACuaOPSYcK62EUOhkWRHBaua?dl=0 


On Saturday, May 15, join the race to end COVID-19 by getting your free COVID-19 test and/or vaccine and then enjoying the 
exclusive opportunity to drive around the world-famous Talladega Superspeedway. The event is sponsored by the Talladega 
Superspeedway, the Alabama National Guard, the U.S. Department of Health and Human Services, the CDC Foundation and the 
Alabama Department of Public Health (ADPH). 


At this drive-through event, COVID-19 testing and vaccination will be offered at no charge from 9 a.m. until 5 p.m. 


As a special incentive, the track is offering people age 16 and older who choose to be tested and/or vaccinated the thrill of driving 
their car or truck on the 2.66-mile track. Drivers and their riders will take two laps behind a pace car at highway speed, including 
the 33-degree-high banks.


COVID-19 testing is essential in helping to control the spread of COVID-19 by detecting whether an individual has the virus and 
needs to take precautions to protect others. Preregistration is encouraged but not required to receive COVID-19 testing. Walk-
ups are welcome!!! 


Vaccines for COVID-19 are highly effective at preventing COVID-19 disease, especially severe illness and death. No registration is 
needed for vaccination. ADPH’s goal is to get COVID-19 vaccine to Alabamians as speedily as possible. Vaccine will be 
administered by members of the Alabama National Guard, with a public health nurse present. After receiving the vaccine, people 
will wait 15-minutes to be observed for any rare allergic reactions. 


At the drive-through event, all participants will be asked to review educational material about COVID-19 vac- cine and sign a 
consent form. There will also be a consent waiver to participate in taking the laps around the track. Participants must be at least 
19 years old with a valid driver’s license, car registration in their name, and vehicle insurance. Participants 16 to 18 years old with a 
valid driver’s license must have a parent or legal guardian in the vehicle to sign a minor release form. Links to the consent waivers 
are below. 


• Consent Waiver for ages 19 and older: https://www.alabamapublichealth.gov/covid19/assets/talladega-consent.pdf
• Consent Waiver for minors 16 to 18: www.alabamapublichealth.gov/covid19/assets/talladega-minor-consent.pdf


• The racetrack is located just off I-20 at 3366 Speedway Blvd., Lincoln, AL.
• Talladega Superspeedway is offering its facilities in partnership with the Increasing Community Access to Testing


program of the U.S. Department of Health and Human Services, its testing provider eTrueNorth, the U.S. Centers for
Disease Control and Prevention, the CDC Foundation and ADPH.



https://www.alabamapublichealth.gov/news/2021/05/07.html

http://www.dropbox.com/sh/3sddbllj0zzjgx6/AACuaOPSYcK62EUOhkWRHBaua?dl=0

https://www.alabamapublichealth.gov/covid19/assets/talladega-consent.pdf

www.alabamapublichealth.gov/covid19/assets/talladega-minor-consent.pdf





16 


Social Media Summary 


Meltwater social media search using the following terms: [“Talladega Superspeedway” AND (“Vaccine” OR “Vaccinate” OR 
“Vaccination” OR “Test” OR “Coronavirus” OR “#RaceToEndCOVID”)]. Over the last month, there were 245 mentions by 219 users, 
with 5.68M impression and a potential reach of 2.77M.  


COVID-19 Response 
Talladega Superspeedway Vaccination Event Media 
Coverage May 25, 2021 


• In a push to get more AL residents vaccinated, Talladega Superspeedway held a vaccination event May 15th from 9 a.m.
until 5 p.m. where the facility offered 2 free laps around the track for those 16 years old or older who got vaccinated or
tested (-) at the speedway. NYDN, CBSSports, KIRO7, USAToday, RocketCityNow, NBC, MSN, Fox5ATL


o The event was conducted in partnership with by the AL Nat’l Guard, HHS, CDC Foundation, AL DPH, and
Talladega Superspeedway.


o Many outlets praised the incentive. SBNation, AL
o SM conversations of the event were largely positive with users primarily posting to promote the event and


encourage people to participate. @B_Hastings_EMA, @SBNation, @hayesblythe, @craigfordtv
o Many prominent outlets highlighted incentives being offered across the US being used to encourage people to


get vaccinated and included the event at Talladega Superspeedway. WaPo, CBS, RollingStone, People, Guardian



https://www.nydailynews.com/news/national/ny-talladega-superspeedway-covid-requirements-20210515-zwhevmib3fdbpp74whrd2bzpni-story.html

https://www.cbssports.com/nascar/news/talladega-superspeedway-will-let-people-drive-around-track-at-covid-19-vaccine-event/

https://www.kiro7.com/news/trending/coronavirus-talladega-superspeedway-opening-track-people-who-participate-testing-vaccination/T2R3GT5XBBEO3ENGGUTSJ3I4CA/

https://www.usatoday.com/story/sports/nascar/2021/05/15/talladega-superspeedway-nascar-track-covid-19-vaccine/5109564001/

https://www.rocketcitynow.com/article/news/local/get-covid-test-vaccine-drive-talladega-superspeedway/525-831ccadf-8980-4c54-88d6-3f13a2515eee

https://www.nbcnews.com/video/fans-get-tallageda-superspeedway-drive-as-covid-incentive-112088133743

https://www.msn.com/en-us/news/us/talladega-superspeedway-to-allow-covid-19-test-vaccine-recipients-to-drive-track/ar-BB1gu6HO?ocid=st

https://www.fox5atlanta.com/news/drivers-take-2-laps-after-receiving-vaccines-at-talladega-superspeedway?taid=60a0b73a905c070001e89e15&utm_campaign=trueanthem&utm_medium=trueanthem&utm_source=twitter

https://www.sbnation.com/2021/5/17/22440114/talladega-vaccination-incentive-nascar-laps?utm_content=sbnation&utm_medium=social&utm_source=twitter&utm_campaign=sbnation.socialflow

https://www.al.com/coronavirus/2021/05/will-incentives-help-boost-covid-19-vaccines-in-alabama.html

https://twitter.com/B_Hastings_EMA/status/1393581177240444932

https://twitter.com/SBNation/status/1394296262602657793

https://twitter.com/hayesblythe/status/1393664052564578310

https://twitter.com/craigfordtv/status/1390837847297507329

https://www.washingtonpost.com/travel/2021/05/17/vaccine-covid-nyc-dracula-travelers/

https://www.cbsnews.com/news/covid-vaccine-free-stuff-incentive/

https://www.rollingstone.com/culture/culture-features/vaccine-reward-incentive-lottery-bond-1170692/

https://people.com/health/covid-19-vaccine-freebies-incentives-rewards/

https://www.theguardian.com/us-news/2021/may/19/ohio-covid-vaccination-lottery-prize-million-dollar
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Appendix C: Sample Memorandum of Understanding 


Testing to Increase Access Pilot 


Memorandum of Understanding between: 


[Racetrack A] 


AND 


[Department of Public Health X] 


This Memorandum of Understanding (MOU) sets forth the terms and understanding of a partnership between [Race- track A], 
and [Department of Public Health X] to implement a pilot event for COVID-19 testing at [Racetrack A]. 


Background on Public Health Need: 


While we continue to see declines in cases, more than 50% of counties in the United States continue to have a high burden of 
COVID-19. COVID-19 testing, even among people who have no symptoms of COVID-19, provides clear benefits within a 
community, offering a chance to save lives by reducing community spread of the SARS-CoV-2 virus. As many as half of infected 
people may not show any symptoms at all. Identifying infected people before they develop symptoms and finding those that 
may be asymptomatic can provide clear benefits to both the individuals and their communities. 


If an individual tests positive early in the course of their illness, they can isolate at home, reducing the chances that others in the 
community will get sick. This also allows them to obtain treatment sooner, which could reduce the risk of long-term disability or 
death. For example, one state partner has reported reducing community incidence in a rural area 10-fold by implementing 
widespread screening testing approximately two times per week in the communities. 


Despite the clear benefits, rates of COVID-19 testing are down significantly, including in states where incidence remains high. 
Barriers to testing may include a lack of ready testing availability within communities, including availability near where 
community members live and work. Additionally, there are scant incentives to testing and often clear disincentives (such as 
additional travel, cost, and isolation periods if positive, etc.). 


Rapid Testing Events to Increase Access: 


[Department of Public Health X] will engage in a partnership with [Racetrack A] to conduct a testing event. This event will 
take place at [Racetrack A] on [XX/XX/2021]. This event will serve to increase access to testing, by removing barriers and making 
testing opportunities more a part of everyday life. Significantly, this event will also serve as an opportunity to encourage testing 
among a population that Health Department A desires to reach. This event will allow Health Department X to rapidly assess 
participant motivations to test, through intercept interviews on site, and adjust in real time, providing invaluable information 
on what moves a person from test avoidance to test seeking. 


[Racetrack A] is interested in this partnership because it builds upon their expressed and demonstrated commitment to fight 
the spread of COVID-19. [Racetrack A] is well-suited to support this testing pilot because they have demonstrated a 
commitment to employing prevention strategies at their races, which all take place outdoors. [Racetrack A] has demonstrated 
reach into the community by       . The partnership with [Racetrack A] is intended to reach demographic groups who have low 
levels of COVID-19 testing. 
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PURPOSE: 


To accomplish the goals of this partnership, the following activities may be conducted at the discretion of the state 
and other private-sector partners. 


• Engaging local and/or national influencers to encourage COVID-19 testing through these events and generally and
publicize the event with regional media and on social media;


• Providing an online presence where participants can register for testing; and
• Providing an evaluation team to assess the events and evaluate what motivates a person to seek testing by engaging


novel partnerships and incentives.


ROLES AND RESPONSIBILITIES: 


[Racetrack A] will (examples ONLY, details will be based on discussion with the track) 


• Provide dedicated space in parking lots of the Racetrack for up to 12 hours each testing day (8 hours of testing and 2
hours each for set up and breakdown on days/times to be agreed upon by all partners).


o Location of the testing project: [Racetrack A] address
• Provide the incentive to participants to test.
• Every vehicle with an individual that is tested will be able to take two laps around the track behind a pace car in their


own vehicles.
• Each vehicle/family unit may participate in one experience. It will not be possible to allow each adult in the vehicle to


participate as the driver, resulting in multiple experiences per car/family unit.
• Drivers must have a valid driver’s license, vehicle registration in their name and insurance.
• Drivers under the age of 18 must have a parent or legal guardian in the vehicle and sign the minor waiver form.
• Provide all logistics for lap around the track.
• Support promotion of the testing events using existing channels and will make best effort to conduct outreach to local


media.
• Link to the Racetrack website to the dedicated webpage with registration links and information for testing.
• Identify a point of contact (POC) at [Racetrack A] who can work directly with the other partners ahead of and during


testing days.
• Provide any required security in the parking lots during the testing events.


[Department of Public Health X] will: 


• Lead social and traditional media strategies, including planning, outreach and implementation with support from
all stakeholders.


• Identify a POC(s) for each site who can work directly with the other partners ahead of the event.


LEGAL AUTHORITY – (States should consult with their legal counsel to populate this section) This MOU is authorized by . 


PUBLICITY AND ENDORSEMENTS 


[Racetrack A] shall not use the name or logo of [Department of Public Health X] , or any component agencies, except in factual 
publicity. Factual publicity includes dates, times, locations, and purposes involved with activities set forth in this MOU. Such factual 
publicity shall not imply that involvement of or serves as an endorsement of the general policies, activities, or products of 
[Racetrack A] or its vendors; where confusion could result, publicity should be accompanied by a disclaimer to the effect that no 
endorsement is intended. [Racetrack A] will clear all publicity materials for the events with prior to dissemination to ensure 
compliance with this paragraph.


INTELLECTUAL PROPERTY 


This MOU does not, and is not intended to, transfer to any party any rights in any intellectual property of any other party. All 
parties agree that the material provided by [Department of Public Health X] is public domain material that it provides for all 
purposes, and/or to share with other collaborators/requestors. Per mutual agreement between [Racetrack A] and [Department of 
Public Health X] , [Racetrack A] grants full permission and a royalty-free, non-exclusive, irrevocable li- cense to and/or to use, 
reproduce, publish, distribute, and exhibit materials arising from this MOU for use in education, training, and other purposes 
consistent with or [Department of Public Health X]’s mission. 
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PERSONALLY IDENTIFIABLE INFORMATION 


[Racetrack A] will not access, use, or store Personally Identifiable Information obtained pursuant to this MOU. 


PUBLIC AVAILABILITY 


This partnership MOU shall be made publicly available. 


FUNDING 


Each party is expected to bear the costs of its participation in this event. Nothing in this MOU shall obligate either party to any 
current or future expenditure of resources in advance of the availability of appropriations from Congress. 


LIABILITY – (States should add in state specific authorities) 


Each party will be responsible for its own acts and the results thereof and shall not be responsible for the acts of the oth- er 
parties and the results thereof. Each party therefore agrees that it will assume all risk and liability to itself, its agents or employees, 
for any injury to persons or property resulting in any manner from the conduct of its own operations and the operations of its 
agents or employees under this MOU, and for any loss, cost, damage, or expense resulting at any time from any and all causes 
due to any act or acts, negligence, or the failure to exercise proper precautions, of or by itself or its agents or its own employees, 
while conducting activities under and pursuant to this MOU. 


GOVERNING LAW – (States should add in any relevant state laws) This MOU shall be governed by... 


ENTIRETY 


This MOU represents the entire agreement of the parties with respect to the subject matter hereof and supersedes all prior and/or 
contemporaneous agreements or understandings, written or oral, with respect to the subject matter of this MOU. 


EFFECTIVE DATE 


This MOU will become effective on the date of the last signatory to the agreement. 


REVISIONS/AMENDMENTS 


It is understood and agreed that all parties may revise or modify this MOU by written amendment hereto, provided such 
revisions or modification are mutually agreed upon by all parties. 


TERMINATION 


This MOU may be terminated by any party with five (5) days advance written notice to the other parties. In the absence of a 
mutual agreement by authorized officials from [Racetrack A] and [Department of Public Health X] to continue to further this 
partnership, this MOU shall end on . 


APPROVALS 


Racetrack President Date 


Department of Public Health State Health Official Date 
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Appendix D: Map of Pilot Event Layout 
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Appendix E: Pilot Event Social Media Toolkit 


https://www.alabamapublichealth.gov/covid19/talladega.html 


Take Your Victory Laps Around the Track! #RaceToEndCOVID 


As a special incentive, the track is offering people age 16 and older with a valid driver’s license who choose to be tested and/or 
vaccinated the thrill of driving their car or truck on the 2.66-mile track. Drivers and their riders will take two laps behind a pace car 
at highway speed, including the 33-degree-high banks. 


Drivers and passengers taking the laps around the track are required to complete a consent waiver (see links below). Drivers 19 
and older must have a valid driver’s license, car registration in their name and vehicle insurance. Sixteen- to eighteen-year-olds with 
a valid driver’s license MUST have his or her legal guardian sign the minor consent form and be in the vehicle with the driver 
during the laps. Passengers under the age of 19 will need a parent to sign the minor consent form. 


Consent Waiver for ages 19 and older 


Consent Waiver for minors 18 and under 


Vaccination Details 


No registration will be needed for vaccination. At the drive-through event, all participants will be asked to review educational 
material about COVID-19 vaccine and sign a consent form (links above). Free COVID-19 vaccination is provided by the Alabama 
National Guard in partnership with the Alabama Department of Public Health. Vaccine will be administered by members of the 
Alabama National Guard, with a public health nurse present. After receiving the vaccine, people will wait 15-minutes to be 
observed for any rare allergic reactions. Those vaccinated will return  to receive their second dose at the speedway. 


Testing Registration 


Free COVID-19 testing is provided by the U.S. Department of Health and Human Services (HHS) Increasing Community Access to 
Testing (ICATT) program contractor eTrueNorth. Registration for testing is encouraged but not required. You can register at 
doineedacovid19test.com. 


Talladega Superspeedway is offering its facilities in partnership with the Increasing Community Access to Testing program of the 
U.S. Department of Health and Human Services, its testing provider eTrueNorth, the U.S. Centers for Disease Control and 
Prevention, the CDC Foundation and ADPH. 


Social Media Messaging 


Feel free to download our graphics and share this event using the proposed messaging below on your social media accounts. Use 
#RaceToEndCOVID on Instagram and Twitter. 


• Facebook cover (landscape) 1
• Facebook cover (landscape) 2
• Facebook cover (landscape) 3
• Facebook cover (landscape) 4
• Square image 1
• Square image 2
• Square image 3
• Square image 4



https://www.alabamapublichealth.gov/covid19/talladega.html

https://www.alabamapublichealth.gov/covid19/assets/talladega-consent.pdf

https://www.alabamapublichealth.gov/covid19/assets/talladega-minor-consent.pdf

file://cdc.gov/private/M338/oev4/STLT/Race%20to%20End%20COVID/doineedacovid19test.com

https://www.alabamapublichealth.gov/covid19/images/talladega-landscape1.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-landscape2.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-landscape3.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-landscape4.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-square1.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-square2.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-square3.jpg

https://www.alabamapublichealth.gov/covid19/images/talladega-square4.jpg
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Facebook Messaging: 


Join the race to end COVID-19 on May 15 at Talladega Superspeedway! Get tested or vaccinated and take your victory laps around 
the track! Visit go.usa.gov/xHwFF for more. In cooperation with: U.S. Department of Health and Human Services, CDC Foundation, 
and Alabama National Guard. 


Tag @TALLADEGA, @HHS, @CDCFoundation and @alabama.national.guard in your post. 


Instagram Messaging: 


Join the race to end #COVID19 on May 15 @talladega! Get tested or vaccinated at Talladega Superspeedway and take your victory 
laps around the track! Visit go.usa.gov/xHwFF for more. #RaceToEndCOVID @HHSGov @CDCFound 


#COVID #coronavirus #COVID19Vaccine #COVID19Test #Talladega #TalladegaSuperspeedway #TalladegaAlabama 


Twitter Messaging: 


Join the race to end #COVID19 on May 15 @TALLADEGA! Get tested or vaccinated at Talladega Superspeedway and take your 
victory laps around the track! Visit go.usa.gov/xHwFF for more. #RaceToEndCOVID @HHSGov @CDCFound @ AlabamaNG 


Page last updated: May 7, 2021 



file://cdc.gov/private/M338/oev4/STLT/Race%20to%20End%20COVID/go.usa.gov/xHwFF

file://cdc.gov/private/M338/oev4/STLT/Race%20to%20End%20COVID/go.usa.gov/xHwFF

file://cdc.gov/private/M338/oev4/STLT/Race%20to%20End%20COVID/go.usa.gov/xHwFF
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Appendix F: CDC Pilot Incentives Evaluation Sample Instrument 


Incentives Evaluation for Improving COVID-19 Antigen Testing 


Thank you for your help with this important survey. This should only take about 5-8 minutes of your valuable time. The 
information you share about your COVID-19 testing experience today will help with decisions on public health efforts to slow 
the spread of COVID-19 in communities. 


Taking the survey is optional and your answers will be kept confidential. If you do not want to answer a question, you can skip 
that question. 


Thank you again for your participation. 


Testing Location:      


Throughout the survey, the reset button will allow you to erase your response and select another option. 


1. Are you willing to participate in this survey?


◻ Yes


◻ No


2. Do you live within 5 miles of this location?


◻ Yes


◻ No


◻ Unsure


3. What is your reason(s) for being tested for COVID-19 today? Select all that apply.


◻ Incentive/Gift


◻ Convenient location


◻ Convenient time


◻ I have COVID-19 related symptoms


◻ Want to be tested to know my status


◻ No reason/Do not know


4. If a reason for being tested for COVID-19 today was the gift or incentive, where did you hear about the incentive? (Select
all that apply)


◻ Advertisement on radio


◻ Advertisement on TV


◻ Advertisement on the internet


◻ Flyer in the community


◻ Flyer at store/venue


◻ At the store/venue (ex. Store/venue staff, announcement on speaker system)


◻ Testing staff mentioned the incentive while enrolling for test


◻ Do not remember
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5. Would you get tested again if NO incentive was offered?


◻ Yes, definitely


◻ Yes, if it is convenient


◻ Maybe


◻ No


6. Would you get tested again if the same incentive was
offered?


◻ Yes, definitely


◻ Yes, if it is convenient


◻ Maybe


◻ No


7. Have you been previously tested for COVID-19?


◻ No (If selected, go to question 10)


◻ Yes, tested positive


◻ Yes, but never tested positive


◻ Yes, but results were inconclusive


◻ Yes, but haven’t gotten the results yet


◻ Do not know (If selected, go to question 10)


8. How many times were you previously tested?


◻ Once


◻ 2-5 times


◻ 5-9 times


◻ More than 10 times


◻ Do not know


9. When were you last tested?


◻ Less than 3 months ago


◻ 3 to 6 months ago


◻ 7 to 11 months ago


◻ 12 months ago


◻ Do not know
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10. Only answer if you have never tested for COVID-19. What are some reasons why you have not been tested? Select all
that apply.


◻ Did not have COVID-19 symptoms


◻ Have not been exposed to anyone with COVID-19


◻ The test might be uncomfortable or painful


◻ Did not know where to get tested


◻ Distance to the testing location is too far


◻ The hours of the testing location are inconvenient


◻ Long waiting lines at testing location


◻ Getting tested costs money


◻ I cannot/do not want to isolate if I tested positive


◻ Others might avoid me or tease me


◻ None of the above


11. In the last 14 days, have you had close contact with a person who was visibly ill or who had a positive COVID-19 test?


◻ Yes


◻ No


◻ Do not know


12. Have you ever received a dose of a COVID-19 vaccine?


◻ Yes


◻ No


◻ Do not know


13. Do you currently describe yourself as male, female, or transgender?


◻ Male


◻ Female


◻ Transgender


◻ None of these


14. Do you consider yourself of Hispanic or Latino descent?


◻ Hispanic or Latino


◻ Not Hispanic or Latino


15. How do you describe your race? Select all that apply.


◻ American Indian or Alaska Native


◻ Asian


◻ Black or African American


◻ Native Hawaiian or Other Pacific Islander


◻ White
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16. What is your employment status?


◻ Working full time


◻ Working part time


◻ Temporary employment


◻ Not working


17. What is your age range in years?


◻ 18 to 24


◻ 25 to 34


◻ 35 to 54


◻ 55 to 64


◻ 65 to 79


◻ ≥ 80


18. How satisfied are you with your COVID-19 testing experience
today?


◻ Highly satisfied


◻ Satisfied


◻ Neither satisfied nor dissatisfied


◻ Dissatisfied


◻ Highly dissatisfied
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Appendix G: Pilot On-Site Event Rules 
Example 


Pilot event rules example RACE TO END COVID: TALLADEGA DRIVE 


• Date: Saturday, May 15, 2021


• Time: 9:00 a.m. to 5:00 p.m. CT


• Must agree to be COVID tested and/or vaccinated to participate in lap event.


• RACE TO END COVID: TALLADEGA DRIVE constitutes two laps, one vehicle, and as many occupants as there are seatbelts.


• All track rides will be paced single file at highway speed by Talladega Superspeedway staff. No vehicles allowed on the
top lane of the speedway. No passing allowed!


• No motorcycles, tractor trailers, recreational vehicles, etc. may be used for track rides.


• All vehicles must have a valid license plate and all drivers must have a valid driver’s license and vehicle registration.


• Drivers who are minors (Under 19 years of age) with valid driver’s license must be accompanied by parent or legal
guardian during the lap event and execute the Minor Waiver form.


• All participants are required to remain in their personal vehicle at all times.


• Vehicles deemed unsafe by TSS Staff will not be allowed onto race track for track drive.


• Once you enter the TSS Infield through the North Tunnel (Tum 4 Tunnel), please proceed to the staging area. The road
will be marked by signage and traffic cones.


• No public restrooms available for participants.


• Face covering required for entry.


• Maintain distance between your party and others.



https://www.alabamapublichealth.gov/covid19/assets/talladega-event-rules.pdf
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Appendix H: Pilot Promotional 
Flyer Example 


Promotional flyer 



https://www.alabamapublichealth.gov/covid19/assets/talladega-event-flyer.pdf





Photography by Ryan Johnson and CDC Foundation 


cdc.gov/coronavirus
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Pop Up Parking Lot 
COVID‐19 Testing 



Program Playbook 
 



Rapid and/or PCR Testing Onsite  
eTrueNorth‐Staffed Model 



 



 
 



 



Overview: 
 



The purpose of this program is to provide a framework for self‐administered Anterior Nares at Pop Up Retail or 



special event locations as part of Federally funded COVID‐19 testing. The frequency and location of testing depend 



on  local  community  requirements.  The overall  goal  is  to  keep  the  specimen  collection process  as  simple  and 



straightforward as possible. 
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Key Information: 



Category  Responsibility / Action Item  Responsible Entity 



Pre‐Testing  
Program Set‐up 



Completion of Scheduling Implementation Form (location, dates, POC)   
NOTE:  Actual form will be provided at implementation – APPENDIX A example 



Retail/Sponsor 



Pre‐Testing 
Program Set‐up 



Marketing and communication to Community regarding COVID‐19 testing 
program (also address media inquiries) 



Retail/Sponsor 



Pre‐Testing 
Program Set‐up 



Retail Partner/Sponsor communicates URL & Registration process; Participant 
registers at www.DoINeedaCOVID19Test.com 



Retail/Sponsor 



Day of Testing 
Parking lot area available for testing, assistance with overall site setup, logistics 
and traffic flow to/from testing location (see APPENDIX B – sample layout) 



Retail/Sponsor 



Day of Testing 
Provide POC for setup assistance, receipt of supplies, access to supplies, traffic 
flow 



Retail/Sponsor 



Pre/Post  
Testing 



Receipt and storage of testing supplies before and between testing events (for 
multi‐day events) 



Retail/Sponsor 



Pre‐Testing  
Program Set‐up 



Participant Pre‐registers at www.DoINeedaCOVID19Test.com; may also hold 
on‐site registration assisted by eTrueNorth staff 



Participant 



     



Pre‐Testing 
Prep 



Provision of all peripheral supplies related to testing program (paper towels, 
hand sanitizer, pens, disinfectant wipes) 



eTrueNorth 



Pre‐Testing 
Prep 



Provision of all peripheral supplies related to site setup (tents, cones, tables, 
chairs, signage) 



eTrueNorth 



Pre‐Testing 
Prep 



Testing supplies (swabs, bar code sticker, tubes, specimen bags, shipping 
materials for transport to laboratory) 



eTrueNorth 



Program 
Management 



Web‐based technology platform to enable testing participants access to 
individual reports 



eTrueNorth 



Program 
Management 



Printing of voucher (laboratory requisition)   eTrueNorth 



Pre/Post  
Testing 



Maintain inventory of supplies and re‐order as necessary  eTrueNorth 



Pre/Post  
Testing 



Sanitizing supplies:  hand sanitizer, disinfecting wipes, paper towels  eTrueNorth 



Day of Testing 
Manage participant check‐in; validate voucher for correct test; register 
participant or reprint voucher on‐site if necessary 



eTrueNorth 



Day of Testing 
eTrueNorth provides a Staffing Team Lead, plus staff for check‐in; observation 
of specimen collection and/or assistance with collection of specimen; 
packaging of specimens for shipment to laboratory; clean‐up of testing area 



eTrueNorth 



Day of Testing 
eTrueNorth also provides a Logistics team member who is a certified EMT and 
can manage interaction with local law enforcement, address any medical 
emergencies, etc.  



eTrueNorth 
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Day of Testing  Set‐up of testing area   eTrueNorth 



Day of Testing  Biohazard waste collection and disposal   eTrueNorth 



Day of Testing  Non‐medical waste disposal (trash cans / liners / disposal dumpster)  eTrueNorth 



Day of Testing 
Arrangement for Fed/Ex; UPS or local courier to transport specimens to 
laboratory for processing 



eTrueNorth 



Day of Testing  Clean‐up of testing area at end of day, to include sanitizing tables and chairs   eTrueNorth 



Day of Testing 
Management of storage of unused supplies (for multi‐day event) at designated 
Retail/Sponsor location.  If single‐day event, eTrueNorth staff will handle return 
of unused supplies 



eTrueNorth 



Post Testing 
Results file submitted to designated Point of Contact(s) sent via secure method 
of choice (SFTP or encrypted email) 



eTrueNorth 



     



Pre‐Testing 
Prep 



PPE for program:  gloves, face masks, face shields, gowns 
Federal 



Government 



Post Testing  Funding to cover cost of testing program 
Federal 



Government 



 



Testing Process Highlights:  



 Participant registers and schedules appointment at www.DoINeedaCOVID19Test.com 



 Participant brings printed voucher to Retail location on day of testing event. If necessary, eTrueNorth staff 
may print voucher after verifying appointment details. The voucher serves as the individual lab requisition to 
be submitted with each test kid and subsequently returned with the kit to the laboratory.  



 Participant arrives at drive‐thru Retail partner/Sponsor testing site with voucher.  eTrueNorth Check‐in staff 
verify first name; last name; date of birth of participant. Participant is directed to collection area of parking 
lot. 



 
 



PCR Testing Process: 



Step 1: Prepare Specimen Tube 



 eTrueNorth Clinical Observation Staff verifies correct kit is matched with correct car/participant (NOTE:  If 
event is not a drive‐up model, e.g., there is a walk‐up option, the appropriate distancing and flow 
considerations would still apply) 



 eTrueNorth Clinical Staff places collection kit on windshield for retrieval by participant and provides 
instructions and kit through open window 
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Step 2: Observed Swab/Collection 



 eTrueNorth Clinical Staff verbally instructs participant on self‐swab technique (See Appendix C for flashcards 
to help with demonstration) 



 Participant conducts self‐swab in both nostrils while the eTrueNorth Clinical Staff observes and guides 
participant in the process  



 Participant places swab in tube and seals the specimen tube tightly; places tube inside specimen bag and 
then securely seals the bag 



 Participant places voucher in outer pouch of specimen bag 



 Participant proceeds to designated collection area and places completed test kit into collection container 



 



Step 3: Periodic Tasks & Prep for Next Participant  



 eTrueNorth Clinical Staff ensures specimen collection kits are prepared, replaces gloves and prepares for the 
next participant 



 eTrueNorth Staff periodically collects specimens from collection area and moves to temperature‐controlled 
environment  



 eTrueNorth Clinical Staff, the eTrueNorth Clinical Observer hands the participant 
the specimen tube for completion of the process of placing swab in tube, tightly closing cap and placing tube 
inside the specimen bag provided.  Participant then places voucher in the outside pouch of bag. 



 Participant drops specimen in designated collection area.



 Participant will receive an email notifying them when results are ready. Participant will log in to portal to view 
results.  



 



Point of Care Testing Process with Reflex to PCR 



Step 1: Prepare Specimen Test Card 



 eTrueNorth Clinical Observation Staff checks participant in and prints voucher; applies Barcode sticker to 



both Rapid Test Card and voucher 



 Verify bar coded sticker information matches on both voucher and Test Card 



 



Step 2: Observed Swab/Collection 



 The participant is given a swab. This is an anterior nares (AN) swab test which should take less than 1 minute 
for the participant to perform. 



 Once the specimen collection is observed for a quality specimen capture and completed, the participant 
is released and sent to waiting area until notification of Point of Care test results by staff 



 Clinical Staff notifies participant of results and whether PCR test is required. If participant is asymptomatic 
and tests positive OR is symptomatic and tests negative, a confirmatory PCR test is required.   



 If PCR test is indicated, a test voucher is printed onsite 
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Reflex PCR Testing Process: 



Step 1: Prepare Specimen Tube 



 eTrueNorth Clinical Observation Staff checks participant in and prints voucher; applies Barcode sticker to 
both Rapid Test Card and voucher 



  Barcode sticker is applied to specimen tube and voucher 



 Verify bar code sticker information matches on both voucher and tube 



  



Step 2: Observed Swab/Collection 



 eTrueNorth Clinical Staff places the voucher in the pouch of the specimen bag   



 eTrueNorth Clinical Staff hands the swab to the participant who conducts self‐swab while the eTrueNorth 
Clinical Staff observes   



 Participant places swab in tube and seals the specimen tube tightly; places tube inside specimen bag and 
then securely seals the bag and drops it into the designated collection bin 



 



Step 3: Sanitization of tables for Prep for Next Participant 



 eTrueNorth Clinical Staff cleans and sanitizes the table, replaces gloves and prepares for the next participant 
 



 



Reminders for drive‐up testing events: 



 Participants must shut off car engine at each station  



 Participants must keep windows up until arriving at the collection area  
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Appendices 



 



Appendix A – Retail Site Scheduling & Planning Specifications (sample) 



Appendix B – Parking Lot Layout (samples) 



Appendix C ‐ Anterior Nares flash cards 
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Appendix A – Retail Site Scheduling & Planning Specifications  



 



RETAIL BRAND or COMMUNITY SPONSOR information needed: 



Sponsor Name / Store Brand 



State 



Store # (if applicable) 



Testing Location:    



Name for Testing Event listing on registration website   



Street Address 



City 



State 



Zip Code 



County 



Go Live Date 



Last Date of Testing 



Testing Day(s) per Week 



Hours 



# appts/day 



Ship to:  



Name / Point of Contact (POC) 



Ship to Address 



Ship to POC Email 



Ship to POC Phone 
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Appendix B – Sample Parking Lot Layout Document  



WALK‐UP Testing with Rapid Point‐of‐Care * 



 



 
 
 
 



* NOTE:  Does not include 6’ x 6’ storage for supplies or PPE shipment from USG 
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Appendix B – Sample Parking Lot Layout Document  



DRIVE‐THRU Testing with Rapid Point‐of‐Care * 



 
 



 
 
 
 
 



* NOTE:  Does not include 6’ x 6’ storage for supplies or PPE shipment from USG 











 
 
 
 
 
 
 
 
 
 
 
 
 
 



What to expect for your 
COVID-19 Self-Swab Test 











 
 
 
 
 



■ Swab (1) 
■ Tube of transport medium (1) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 



Here’s 
what’s in 



your test kit: 











 



STEP 1: 
 
 
Remove the swab from its packaging, 
holding by the end of applicator. 



 
 
Identify the swab breaking point. 



 
 
 1 



PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











 



STEP 2: 
Tilt your head back slightly and insert swab into the LEFT nostril. 
Gently push the swab until a light resistance is met (less than one inch into the 
nostril). 



2 



PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











 



STEP 3: 
When swab is in place, rotate in a circular motion for 3-5 seconds. 
Remove the swab from nostril and repeat steps on RIGHT nostril, removing the 
swab when finished. 



3 



PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











STEP 4:  
While holding the swab, remove the cap from the tube. 
 Insert the swab into the tube, continuing to hold by the handle. 
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PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











 



STEP 5:  
Break the swab at the break point, throw the swab handle in your 
personal garbage, re-cap the tube, and apply barcode sticker to tube. 
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PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











STEP 6:  
 
Place matching Barcode Sticker on 
your voucher. 
 
Take the barcode sticker, provided 
with your test kit, and place it on 
your voucher in the bottom left 
corner. 
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PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











STEP 7:  
Place Tube in the specimen bag; Place voucher in pouch on the bag. 
Locate the pouch on the back of the specimen bag, and place voucher there. 
Make sure specimen bag is sealed, then drop bag into collection box. 
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PLEASE NOTE: Specific instructions on the test and packaging of specimen may vary somewhat by location. Always follow the instructions given by site staff at the time of your test. 
 











 
 
 



That’s it! You’re all finished. Wash your hands with soap 
and water or use hand sanitizer as soon as you are able. 








			eTrueNorth SelfSwab Test Instructions.pdf


			STEP 1:


			Identify the swab breaking point.
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Providing Incentives with COVID-19 Supplemental Funding 
Guidance for recipients of the IP19-1901 Immunization and Vaccines for Children Cooperative Agreement 
who have received COVID-19 Supplemental Funding 


 
 


As we reach a critical juncture in the COVID-19 vaccine response, in which vaccine supply is outpacing vaccine 
demand, it is important to expand strategies to increase COVID-19 vaccination rates. In addition to current 
strategies, such as focused outreach to populations disproportionately affected by COVID-19 and 
communication efforts to increase vaccine confidence, new strategies like direct appeal, via incentives, to 
potential vaccine recipients will be needed to combat the further spread of COVID-19. 


 
Effective July 30, 2021, the funding of incentives, up to $100 per person, for COVID-19 vaccine recipients 
(i.e., individuals receiving a COVID-19 vaccine) is allowable with all immunization cooperative agreement 
(IP19-1901) COVID-19 funding1 except the “COVID 4 Addendum” funding for vaccine confidence 
communication strategies. Incentives to encourage vaccination provider participation in the CDC COVID-19 
Vaccination Program are not allowed. 


 
Consistent with the purpose of the COVID-19 supplemental funding for vaccination activities, the terms of the 
supplemental awards as provided in the Notice of Award, and applicable grants regulations and policies, 
incentives may be considered to encourage participation in COVID-19 vaccination. Recipients of IP19-1901 
COVID-19 supplemental funding interested in exploring this option must submit a plan that covers the following 
eight elements: 


a. Proposed Incentive (i.e., describe, in detail, what incentive will be provided) 
b. Justification (i.e., what is the purpose for the incentive and what is the specific reason for selecting this 


incentive? What evidence indicates that an incentive is needed, and what evidence suggests that the 
selected incentive will be effective at achieving the desired result?) 


c. Reference to the jurisdiction’s CDC-approved COVID-19 workplan (i.e., cite the specific COVID-19 
supplemental award workplan activity to which this incentive plan applies) 


d. Anticipated gains (i.e., explain how providing such an incentive will defray societal costs or have a 
positive return on investment, including by increasing overall COVID-19 vaccination? Additionally, 
describe potential unintended negative consequences and how those are outweighed by the benefits) 


e. Defined amount (e.g., cost per person and total allocated funding for the vaccine recipient incentives) 
Note that the incentive cap is $100 per person. 


f. Qualifications for issuance (i.e., what makes a person eligible for the incentive? Does it take into 
consideration issues related to equity in your community? Does the proposed plan raise any state legal 
concerns?) 


g. Method of issuance and tracking (i.e., how will the incentive be delivered? Does the proposed plan and 
implementation align with any relevant policies and procedures governing your organization (e.g., 
procurement, ethics, etc.)? How will the budget and supply be tracked?) 


h. Method of evaluation (i.e., how will the incentive plan be evaluated for effectiveness?) 
 
 
 


1 Incentive policy applicable to IP19-1901 COVID-19 supplemental funding ending in document numbers: 
19NH23IP922XXXC3, 20NH23IP922XXXC3, 20NH23IP922XXXC5, 20NH23IP922XXXC6, and 20XXIP922XXXUDSPC5. 
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In addition, such incentives are not and should not be portrayed as an endorsement by HHS or CDC of any 
company (or its goods, services, or policies) associated or affiliated with the incentive. For example, if an 
incentive is funded by grant funds, a cash card would more clearly separate the incentive from appearing to be 
an endorsement vs. a card to be used only at a specific COVID-19 vaccine provider. To the extent practicable 
given the proposed incentive, such non-endorsement should be clearly articulated. 


 
Also, nothing in this guidance is intended to conflict with the requirements placed on a vaccine provider under 
the terms of their CDC COVID-19 Vaccination Program Provider Agreement or the underlying terms of recipient’s 
grant award and applicable grant regulations. 


 
This plan must be uploaded into Grant Solutions as a grant note, and project officer approval must be received 
prior to implementation, including obligation of funds. Approval will be uploaded as a note in Grant Solutions. 


 
Please direct any questions about incentives or this approval process to your CDC Program Operations Branch 
Project Officer. 








IP19-1901 COVID-19 Supplemental Funding Incentives Policy 
Frequently Asked Questions 


Updated: 30 July 2021 


 


1. Do incentives need to follow the same guidance as COVID supplemental funding in terms of 
percent allocated for equity? 
 


The intended use of incentives is to increase overall vaccination coverage. There is no 
funding mandate to reach certain populations tied specifically to the use of incentives.  
 
Please note, the funding mandates associated with the COVID-19 supplement projects 
remain intact. For example, under “COVID 4,” 60% of the funding must still support local 
communities through local health departments (LHD), community-based organizations 
(CBO), and/or community health centers (CHC); and 75% of “COVID 4” funding must focus 
on activities to ensure equity. 


 
2. Can some of the funds spent on incentives be used from the funds allocated for equity if they 


are spent on underserved populations? 
 


The 60% of the COVID 4 funds that must support local communities through local health 
departments (LHD), community-based organizations (CBO), and/or community health 
centers (CHC) should still go to those entities. Those entities may propose an incentive 
plan, if desired. 


 
3. I know there is a cap per person for the incentives, but is there an overall cap? (UPDATED 


7/30/21) 
 


There is a $100 per person cap for incentives, but no overall threshold for the total amount 
of supplemental funding that can be used.  In crafting plans, please ensure incentive plans 
reflect a reasonable and responsible use of federal funds. 


 
4. Are we required to use the CDC template? 


 
No, you are not required to use the CDC template for your incentive plan, but the plan 
must address the 8 required elements and be signed by the program manager and agency 
Authorizing Official. 


 
5. Is there a page limit to the plan we submit? 
 


No, there is no page limit as long as the 8 required elements are met. 
 
 
 
 
 







6. Can we offer a gift card to the vaccine recipient and enter that person in a raffle? 
 


Raffles, or games of chance, are not a permissible use funds.  A vaccine recipient can 
receive multiple incentives if the combined total cost does not exceed the $100 dollar per 
person value associated with the use of IP19-1901 funds. 


 
7. Can incentives be given retroactively to individuals who have already been vaccinated? 


 
The intent for incentives is to get those currently unvaccinated to become vaccinated. 
Awarding retroactive incentives to those who are already vaccinated is not aligned with the 
purpose of guidance requirements and is not permissible.  
 


8. Can individuals who already received a $25 incentive be retroactively given an incentive under 
the new $100 cap? (NEW 7/30/21) 
 


The $100 incentive per person cap is effective as of July 30, 2021.  Those currently 
unvaccinated against COVID-19 as of July 30, 2021 are eligible to receive the up to $100 
incentive.  Those previously vaccination or in the middle of a vaccination series would not 
be eligible for the new incentive offering. 
 


9. Does CDC want us to submit a plan from each local health department who submits a 
proposal to us, or should we summarize all the proposals in one request to CDC? (UPDATED 
7/30/21) 


 
All plans must be approved by your POB Project Officer. It is recommended that the 
awardee submit one plan for review, rather than individual incentive plans for 
subrecipients (e.g., local health department, community-based organization, etc.). 
 
IP19-1901 recipients are recommended to create a statewide plan with a menu of 
allowable incentives for which local partners may choose from.  This approach, referred to 
as the ‘hybrid plan’, allows CDC to review and approve one overall approach that still 
provides flexibility at the local level to select incentives.  
 
Please follow-up with your POB Project Officer for additional information about the ‘hybrid 
plan’. 


 
10. Can you provide a list of approved incentives (e.g., wristbands, t-shirts, buttons, gift cards, 


etc.)? 
 


A list of generally allowable incentives is being developed and will be distributed to IP19-
1901 recipients. 


 
11. Is there a due date for the incentives plan? 


 
An incentive plan is not required and thus does not have a due date. It may be submitted at 
any time the recipient would like to exercise this option.  


 







12. Does the $100 per person cap apply only to gift cards or to the value of any incentive, or can it 
be an average value? (UPDATED 7/30/21) 


 
The guidance establishes a $100 per person cap that applies to the total value of any 
item(s) given out to an individual. Incentives funds cannot be pooled to create one, or 
limited opportunity, incentive(s). If your program believes there is a reasonably justifiable 
need for an incentive that exceeds the cap, this information should be included in your 
submitted incentive plan. Determination of the appropriateness of this would be made 
during the review of your plan. 


 
13. Does the $100 cap refer to the maximum value per individual or per event (i.e., the 2-dose 


series)? (UPDATED 7/30/21) 
 


The intended purpose of the incentives is to encourage people to become fully vaccinated 
with a COVID-19 vaccine. Therefore, the incentive should be issued to individuals who 
become fully vaccinated due to the incentive (e.g., 2 doses of Pfizer or Moderna, 1 dose of 
Johnson & Johnson, etc.). It would be acceptable to “split” an incentive on a two-dose 
series to ensure individuals return for the second dose or delay distribution of the incentive 
until after the second dose has been administered. The total value of the incentive in these 
cases should still be $100. 
PLEASE NOTE:  Provision of incentives to individuals who were fully vaccinated prior to the 
implementation of the approved incentives plan is not allowable. 


 
14. If an intended geographic population has 1M people with incentive costs at $100 per person, 


can a $100M lottery be offered? (UPDATED 7/30/21) 
 


Lotteries, raffles, or other games of chance are not allowable uses of funds.  
 


15. Would a door raffle of a big-ticket item be allowable, if the total cost of the item was equal to 
$100 per eligible individual within a community? (UPDATED 7/30/21) 


 
Lotteries, raffles, or other games of chance are not allowable uses of funds.  


 
16. Are there established performance measures for the incentives? 


 
No. 


 
17. What does the incentive evaluation need to entail? 


 
There are no specific requirements for the incentive evaluation beyond a description of the 
population(s) being offered the incentive(s) and the type of incentive(s) being offered, with 
provision of quantifiable information as is feasible (e.g., number of incentives 
offered/received, number of persons being offered/receiving incentives, number of 
vaccines being administered in connection with incentives). PLEASE NOTE: CDC strongly 
encourages incentive evaluation plans be prepared.   







The following are examples of other approaches to consider implementing depending on 
feasibility and jurisdiction interest: 


• Assessment of the impact and effectiveness of incentives on COVID-19 vaccination 
decision-making and receipt. This could be done by conducting surveys of either 
persons who have received or been offered incentives or persons who have been 
vaccinated. Questions could assess the relative importance of factors influencing 
vaccination behavior and decision-making, such as the incentive, recommendation 
of healthcare provider, friends/family, the ability to travel or engage in other 
activities without wearing a mask if fully vaccinated. 


• Assessment of incentive-related process measures, such as the administrative 
burden of offering and managing incentives. This could be done via focus groups or 
surveys of involved staff.  


• Cost of providing incentives. This could be done by estimating the total cost of the 
incentives and resources necessary to manage the incentive program, to include 
staff time.  


POB staff are available to provide support for designing and/or implementing an evaluation 
of COVID-19 vaccination incentives. Please reach out to your POB Project Officer for more 
information. 


 
18. Which round of supplemental funding is the incentive funding coming from? 


 
Incentives can be purchased with any of the COVID funding awarded to date except for the 
COVID 4 Addendum (vaccine confidence strategies).  


 
19. Are these incentives restricted to incentivizing COVID-19 vaccination or can they be used for 


any recommended vaccination? 
 


Incentives can only be used for COVID-19 vaccination. 
 
20. Can incentives be used to pay for music at events? 


 
No. Entertainment cost are not an allowable use of funds.  


 
21. Can incentives funds be used to provide food and beverage at a vaccination event? 


 
No. Food and beverages are not an allowable use of federal immunization funding.  
 


22. Is a gift certificate for food the same or different from providing a meal?  
 


Store vouchers or generic gift cards are an allowable incentive including those for grocery 
stores.  
 
 
 







23. My program has contracted “outreach activities” to CBO’s/contractors. Who is responsible for 
the dispensing and tracking of individuals who receive the incentives?  
 


If the awardee has contracted with CBOs or other local organizations to conduct 
vaccination activities, and these organizations wish to provide incentives, their plans must 
adhere to the same requirements listed in the policy and must be approved by the POB 
project officer prior to implementation, including obligation of funds. 
 
It is the responsibility of the contracted agency to administer and track the incentives 
program and ensure that they follow the policy guidance. However, the awardee, as the 
direct recipient of the federal funds, is ultimately accountable for ensuring their partners 
and partners’ plans adhere to the policy guidance. 


 
24. What level of detail is required to document/track the person receiving the incentive (e.g., are 


name and phone number needed)? 
 


At this time, CDC has not defined specific data elements that must be collected for tracking 
purposes. Awardees must develop a tracking system to minimally ensure that the 
appropriate individuals receive an incentive, individuals do not get more than one 
incentive, and that the incentive(s) are not otherwise misused. The tracking system should 
provide enough documentation to withstand formal auditing. 


 
25. Do incentives get put under contracts? 


 
Inclusion of incentives in the budget will vary depending on the intended mechanism for 
how they will be procured and distributed. Generally, the most appropriate budget 
category may be ‘Other’.  


 
26. What is the difference between a marketing/promotional item and an incentive item? 


 
For the purpose of this policy and creation of a recipient incentive plan, an incentive is a 
tangible item that is given to an individual who is fully vaccinated against COVID-19. 
Marketing/promotional items are intended to reach a broad target population to increase 
awareness of COVID-19 vaccination but in which vaccination is not a stipulation to receipt. 


 
27. Does the incentives plan have to be included in the COVID workplan or can it be a separate 


document? 
 


The incentive plan is a standalone document that can submitted separately than any of the 
COVID project workplans (i.e., COVID 3 or COVID 4). However, the incentive plan must 
reference your COVID workplan. It is also likely that you may have to adjust your budget(s) 
to document how the incentive funds are being spent. 
 
For any awardee that has been approved for an extension to your COVID 4 plan, you can 
include your incentive plan as an addendum to the workplan and incorporate the costs in 
your budget. 


 







28. Per the guidance, incentive costs can be used with previously awarded COVID-19 funding.  
How do we go about incorporating this new initiative into the budget(s) if we have to move 
funds around a previously approved budget? How do we notify you that we are doing this? 


 
The desired action being described is a budget redirection. Guidance for redirections can 
be found here: https://www.cdc.gov/vaccines/covid-19/redirections-faq.html 


 
29. Can someone get an incentive for getting vaccinated AND transporting individuals for 


vaccination? 
 


The intended target of the incentive initiative is the vaccine recipient. Transportation 
vouchers, or gas gift cards, are allowable incentives for people for whom transportation is a 
barrier to vaccination. There are also transportation companies, such as Uber/Lyft, that are 
providing free transportation to vaccination clinics. 
 
To fund transportation (public transportation or ride share services) for the public to 
receive COVID vaccine, submit a plan to your POB Project Officer that covers the following 
elements: (a) justification, (b) cost savings [e.g., how it will defray costs or have a positive 
return on investment], (c) defined amount, (d) qualifications for issuance, & (e) method of 
tracking. 


Depending on the transportation company, awardees may also be able to establish 
interagency agreements with their Department of Transportation or create 
contracts/MOUs with other appropriate partners and have an established documented 
reimbursement rate. In this instance travel would be covered on the front end and the 
awardee would reimburse the company.  
 


30. Can we purchase stickers or buttons/pins that say “I got vaccinated” to encourage other 
people to get vaccinated? 
 


Buttons, pins, or stickers, that say “I got vaccinated” or something similar that are not 
promoting an organization or cause are allowable. An incentive plan is not needed for this; 
however, the budget must be updated (as necessary) for appropriate inclusion. 


 
31. Can federal funds be used to cover the costs of incentives that have already been provided? 


 
The incentive(s) cannot be retroactively applied; therefore, eligibility begins once the 
approved incentive plan is in place and ready to be executed by the recipient. 


 
32. Can incentives be given to providers to encourage them to vaccinate? 


No, COVID-19 supplement funds cannot be used to incentivize providers.  Vaccine 
providers are encouraged to use established mechanisms to receive compensation for 
administering vaccinations. Administration fees are reimbursed by the patient’s public or 
private insurance company or, for underinsured and uninsured patients, by the Health 
Resources and Services Administration’s Provider Relief Fund. Please let your project 
officer know about challenges or barriers not providing additional incentives to providers 
may pose to maintaining adequate vaccinator capacity. 



https://www.cdc.gov/vaccines/covid-19/redirections-faq.html

https://www.hhs.gov/coronavirus/cares-act-provider-relief-fund/for-providers/index.html

https://www.hhs.gov/coronavirus/cares-act-provider-relief-fund/for-providers/index.html
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Toolkit
CDC has developed a new toolkit to help health departments prevent the spread of COVID-19 at
multi-day events that are expected to draw large numbers of people. It includes checklists,
resources, and a case study that state and local health departments, event planners, vendors, and
other partners can use to anticipate and plan for some of the challenges they could encounter. Of
particular concern now are numerous events with at least 20,000 attendees planned for this
summer and fall in U.S. areas with substantial and high levels of COVID-19 transmission. Please
review the attached document named Festivals Toolkit 080421.pdf.

CDC Updates K-12 School Guidance
CDC updated the Guidance for COVID-19 Prevention in K-12 Schools to align with CDC’s existing
guidance for fully vaccinated people and assist K-12 schools in opening for in-person instruction and
remaining open. Additionally, the Considerations for Case Investigation and Contact Tracing in K-12
Schools and Institutions of Higher Education (IHEs) has been updated to align with new CDC
guidance.

CDC’s Guidance for COVID-19 Prevention in K-12 Schools includes recommendations for:

·    Promoting vaccination among teachers, staff, families, and eligible students

·    Universal indoor masking for all teachers, staff, students, and visitors to K-12 schools, regardless
of vaccination status

·    Implementation of layered prevention strategies to reduce the spread of COVID-19 in schools

CDC’s Considerations for Case Investigation and Contact Tracing in K-12 Schools and Institutions of
Higher Education (IHEs) highlights include:

·    How case investigation and contact tracing--in combination with testing, isolation, and
quarantine--are effective strategies to help prevent transmission of COVID-19 in K–12 schools 

·    How collaboration between schools and STLT health departments on reporting COVID-19 cases
can facilitate timely case investigation and contact tracing in school settings 

·    Recommendations for students, staff, and educators, regardless of vaccination status, who have
come into close contact with a person diagnosed with COVID-19 

CDC has also updated the exception to the close contact definition for students in K-12 indoor
classroom settings.

Given the importance of key services that schools offer and the benefits of in-person learning for
students, it is critical for K-12 schools to open for in-person instruction and stay open. Working
together, school leaders, local health departments and community members can take actions to
keep schools open for in-person learning by protecting students, teachers, and school staff where
they live, work, learn, and play.

New Set of 15 Priority Public Health Science Questions
The CDC's Public Health Science Agenda for COVID-19 articulates key areas of scientific inquiry and
opportunities to guide the development of actionable, evidence-based public health guidance to
limit the spread and impact of SARS-CoV-2 and ultimately end the COVID-19 pandemic.
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On August 4, 2021, CDC released a second update to the Priority Public Health Science Questions to
help achieve objectives. The latest set of 15 priority public health questions span six major topic
areas:

·    Vaccines

·    Variants

·    Natural History, Reinfection, and Health Impact

·    Prevention Strategies and Non-Pharmaceutical Interventions

·    Testing

·    Transmission Risk and Dynamics

Vaccine Updates
Secretary Becerra Extends PREP Act Coverage
With the flu season around the corner and understanding that health risks may increase for people
who contract seasonal influenza at the same time as COVID-19, vaccination is the best way for most
people to protect themselves against COVID-19 and seasonal flu. To ensure that the most people
can get vaccinated as easily and conveniently as possible, HHS Secretary Becerra has taken action to
extend PREP Act coverage to pharmacy techs and interns with proper training to administer seasonal
flu vaccines to adults.

Expanding the scope of authorized vaccinators for seasonal influenza vaccine lessens the harm
otherwise caused by COVID-19. This declaration anticipates the need for the adult population to
receive COVID-19 and seasonal influenza vaccines throughout the 2021-2022 influenza season. We
expect this action to help pharmacies meet the demand for both flu and COVID-19 vaccines this fall.

You can find more information about the PREP Act at PHE.gov.

Update to COVID-19 Vaccination Incentive Policy
In alignment with newly announced White House initiatives to get more Americans vaccinated
against COVID-19 and slow the spread of the Delta variant, we have updated our policy regarding
the use of COVID-19 supplemental funding to purchase incentives for vaccine recipients. The new
per person incentive cap is $100. This is an increase over the previously established cap of $25 per
person.

Want to learn more? Please review the attached documents, Incentives FAQs.pdf and Incentives
with Immunization Funding.pdf. Any further questions about incentives or the approval process can
be directed to your CDC Program Operations Branch Project Officer.

Find a COVID-19 Vaccine Near You Via Text Message
Vaccines.gov is live, available in English and Spanish, and helping make it easier for individuals
to access COVID-19 vaccines by connecting Americans with locations offering vaccines near them. 

Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available
in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862
(VACUNA) to find three locations nearby that have vaccines available.
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Website Updates
CDC COVID-19 New Information

What’s New & Updated | CDC

School Considerations and Guidance

Considerations for Case Investigation and Contact Tracing in K-12 Schools and Institutions of Higher
Education (IHEs)
CDC’s Guidance for COVID-19 Prevention in K-12 Schools 
Know What to Expect at Your Child’s K- 12 School or Child Care Program | CDC
How Schools Can Support COVID-19 Vaccination
CDC Launches New STEM Website

Critical Populations Webpages
A Guide for Community Partners Increasing COVID-19 Vaccine Uptake Among Members of Racial and
Ethnic Minority Communities
COVID-19 Vaccine Monitoring Systems for Pregnant People

NEW Vaccine Webpages

What to Consider When Planning to Operate a COVID-19 Vaccine Clinic
Ways Health Departments Can Help Increase COVID-19 Vaccinations
Document Vaccinations at Standard and Mobile Clinics in VAMS
Scheduling Appointments for Recipients
How to Address COVID-19 Vaccine Misinformation | CDC
How to Tailor COVID-19 Information to Your Specific Audience

COVID-19 Webpages

CDC COVID Data Tracker
COVID-19 Mathematical Modeling | COVID-19 | CDC
CDC Public Health Science Agenda for COVID-19 | CDC
What to Know About HIV and COVID-19 | CDC
Health Departments: Information on COVID-19 | CDC

Note: stay up to date with new and updated content on the COVID-19 website. Visit What’s New &
Updated | CDC for a comprehensive list of significant changes like new pages and guidance
recommendations. You can search by topic and also sign up for email updates.

Notable Publications & Resources
New Race to End COVID Playbook
CDC has developed a Race to End COVID Playbook for planning and conducting community-based
COVID-19 testing and vaccination events at racetracks. The events encourage participation by
offering an incentive, namely the chance for participants to drive their own car around the track.
These events, referred to as the Race to End COVID, are envisioned as partnerships between STLT
health departments; NASCAR; and/or local racetracks, whether league-affiliated and/or
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independently owned. An informational PDF named RaceToEndCovid.pdf is attached to this email
and can be downloaded here for sharing with any interested partners. Additional info is posted on
the following web pages:

·    Health Departments: Information on COVID-19 | CDC

·    Communication Resources for Health Departments | CDC

·    Print Resources | CDC

MMWR Early Release

·    Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County,
Colorado, April–June 2021

·    Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021

·    Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years —
COVID-NET, 13 States, February–April 2021

New Vaccine Equity Resources Available
Infographics containing information about the Delta Variant are available in both English and
Spanish.

As a part of the COVID-19 Vaccine Education Initiative, the Ad Council and COVID Collaborative
created video clips to address making informed decisions about COVID vaccination in light of the
building back trust from the Tuskegee Study.

Back to School Toolkit
This toolkit has resources for school district leaders, teachers, parent leaders, and school supporters
that want to help increase confidence in and uptake of COVID-19 vaccines in their school
communities, answer questions, and outline school guidance about COVID-19. It includes
information from CDC and new, tailored materials from the HHS COVID-19 Public Education
Campaign.

Please feel free to share these resources with appropriate partners.

Guide to On-Site Vaccination Clinics for School
Over the next 6 weeks, more than 50 million students will head back to school. For young people,
getting vaccinated right away is the best way back to the things they love – like playing sports and
spending time with friends and loved ones. However, as of the end of July, only 42% of Americans
age 12-17 years had received at least one dose of a COVID-19 vaccination. Now is the time to make
sure young Americans get vaccinated.

Host Pop-Up COVID-19 Vaccine Clinics for Students Going Back to School!

Get CDC’s Science at Its Source!
Science Clips is produced weekly to enhance awareness of emerging scientific knowledge for the
public health community. Check out CDC Science Clips and pass it on to colleagues!
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Attachments
Incentives with Immunization Funding.pdf

Incentives FAQs.pdf

RaceToEndCovid.pdf

Festivals Toolkit 080421.pdf
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From: Morbidity and Mortality Weekly Report
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: MMWR - Account Created in ScholarOne Manuscripts
Date: Tuesday, August 3, 2021 9:56:16 PM

03-Aug-2021

Dear Dr. Winter:

A manuscript titled, "Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–
June 2021 (CDC-2021-0104)," has been submitted by Dr. Alyson Cavanaugh to MMWR.

You are listed as a co-author for this manuscript. The online system, ScholarOne Manuscripts, automatically creates a
user account for you. Your USER ID and PASSWORD for your account is as follows:

Site URL:
https://urldefense.com/v3/__https://mc.manuscriptcentral.com/mmwr__;!!Db6frn15oIvDD3UI!2UKvgCWPHWBWQNh-
-lEz5KXX4mXbj9Tj0bSsaulutiTkBJICwfLo9H0obCkGfCOta8av$
USER ID:   kathleen.winter@ky.gov
PASSWORD:  For security reasons your password is not contained in this email. To set your password click the link
below.

https://urldefense.com/v3/__https://mc.manuscriptcentral.com/mmwr?
URL_MASK=621e59fdaaf94de8a0771f540c68a7b4__;!!Db6frn15oIvDD3UI!2UKvgCWPHWBWQNh--
lEz5KXX4mXbj9Tj0bSsaulutiTkBJICwfLo9H0obCkGfIQS3JHy$

You can use the above USER ID and PASSWORD (once set) to log in to the site and check the status of papers you
have authored/co-authored.  Please log in to
https://urldefense.com/v3/__https://mc.manuscriptcentral.com/mmwr__;!!Db6frn15oIvDD3UI!2UKvgCWPHWBWQNh-
-lEz5KXX4mXbj9Tj0bSsaulutiTkBJICwfLo9H0obCkGfCOta8av$  to update your account information via the edit
account tab at the top right.

Thank you for your participation.

Sincerely,
Editorial Office, MMWR
Log in to Remove This Account - https://urldefense.com/v3/__https://mc.manuscriptcentral.com/mmwr?
URL_MASK=091a67f2e2b04a3f8b40f728dd5aaa14__;!!Db6frn15oIvDD3UI!2UKvgCWPHWBWQNh--
lEz5KXX4mXbj9Tj0bSsaulutiTkBJICwfLo9H0obCkGfBHDrYlr$
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From: Centers for Disease Control and Prevention
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: News: Immunization MMWRs Update - 8/6/2021
Date: Friday, August 6, 2021 2:43:40 PM

Prevention of disease, disability, and death through immunization and by control of respiratory and related diseases.

  
Subscribe now  to receive this distribution email.

  
 

MMWR

  
You are subscribed to CDC News: Immunization-related MMWRs email subscription service. 
  
This message serves to inform you that one or more MMWRs have recently been added to the MMWR
page and are now available .
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Vaccine related articles:

Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years —
COVID-NET, 13 States, February–April 2021 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–
June 2021
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County,
Colorado, April–June 2021

  
View now

  

Centers for Disease Control and Prevention
1600 Clifton Rd   Atlanta, GA 30329   1-800-CDC-INFO (800-232-4636)   TTY: 888-232-6348

Questions or Problems  |  Unsubscribe
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From: CSTE Emergency Response
To: CSTE Emergency Response
Subject: NOT FOR DISTRIBUTION: EMBARGOED: CDC Science Brief SARS-COV-2 INFECTION-INDUCED AND VACCINE-

INDUCED IMMUNITY
Date: Friday, October 29, 2021 7:35:40 PM
Attachments: image.png

Outlook-dtyzt3vj.png
Infection and Vaccine Induced Immunity_Science Brief v10292021_DRAFT.docx

Importance: High

*****CLOSE HOLD: NOT FOR DISTRIBUTION ***** EMBARGOED ***** 
Sent to State Epidemiologists and the CSTE Executive Board, 

Please find attached an EMBARGOED copy of the new CDC Science Brief: SARS-COV-2 INFECTION-
INDUCED AND VACCINE-INDUCED IMMUNITY. EMBARGOED: This document CANNOT be shared
until it has been posted on the CDC website. We anticipate the document will be posted tonight
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DRAFT Version 10.29.21

SARS-CoV-2 Infection-induced and Vaccine-Induced Immunity



[bookmark: _Hlk82617176]This brief provides an overview of the current scientific evidence regarding infection-induced and vaccine-induced immunity, including both peer-reviewed and preprint publications, as well as unpublished CDC data. Although comprehensive, it is neither a formal systematic review nor meta-analysis. New data continue to emerge and will be updated periodically, as needed. 

Recovery from many viral infectious diseases is followed by a period of infection-induced immunologic protection against reinfection. This phenomenon is widely observed with many respiratory viral infections, including both influenza and the endemic coronaviruses, for which acquired immunity also wanes over time making individuals susceptible to reinfection. 

CDC continues to recommend COVID-19 vaccination for all eligible persons, including those who have been previously infected with SARS-CoV-2.



Executive Summary

Key findings and considerations for this brief are as follows:

· Available evidence shows that fully vaccinated individuals and those previously infected with SARS-CoV-2 each have a low risk of subsequent infection for at least 6 months. Data are presently insufficient to determine an antibody titer threshold that indicates when an individual is protected from infection. At this time, there is no FDA-authorized or approved test that providers or the public can use to reliably determine whether a person is protected from infection.

· The immunity provided by vaccine and prior infection are both high but not complete (i.e., not 100%). 

· Multiple studies have shown that antibody titers correlate with protection at a population level, but protective titers at the individual level remain unknown. 

· Whereas there is a wide range in antibody titers in response to infection with SARS-CoV-2, completion of a primary vaccine series, especially with mRNA vaccines, typically leads to a more consistent, and higher-titer initial antibody response.

· For certain populations, such as the elderly and immunocompromised, the levels of protection may be decreased following both vaccination and infection.

· Current evidence indicates that the level of protection may not be the same for all viral variants. 

· The body of evidence for infection-induced immunity is more limited than that for vaccine-induced immunity in terms of the quality of evidence (e.g., preferential selection of symptomatically ill persons) and types of studies (e.g., mostly observational cohort studies, some retrospective). There are insufficient data to extend the findings related to infection-induced immunity at this time to persons with very mild or asymptomatic infection or children.

· Substantial immunologic evidence and a growing body of epidemiologic evidence indicate that vaccination after infection significantly enhances protection and further reduces risk of reinfection, which lays the foundation for CDC recommendations.

 



Background

CDC recommends COVID-19 vaccination for all eligible persons, including those who have been previously infected with SARS-CoV-2 [1]. As of October 28, 2021 more than 45 million COVID-19 cases and over 740,000 deaths have been reported in the United States (US) [2]. Data from a seroprevalence survey that assessed for presence of antibodies and history of vaccination among US blood donors from January to August 2021 suggest that approximately half of previously infected adults in the US have not been vaccinated [3].

Both SARS-CoV-2 infection and COVID-19 vaccination induce an immune response that initially confers high levels of protection against symptomatic COVID-19 illness. This brief contains a review of evidence regarding vaccine-induced immunity and infection-induced immunity, including the initial immune response, antibody decay kinetics, protection from subsequent infection, impact of new variants, and effect of vaccinating previously infected individuals. 

Separate overviews have been written on the types of assays used to assess the serologic response to SARS-CoV-2 (Interim Guidelines for COVID-19 Antibody Testing | CDC) and detailed evidence of the immunity provided specifically by vaccines (Science Brief: COVID-19 Vaccines and Vaccination). 



Immune Response to Infection and Vaccination

Initial Immune Response to Infection

SARS-CoV-2 enters cells by binding to angiotensin converting enzyme-2 (ACE-2) receptors on the cell surface via the viral spike protein. As described in the Antibody Testing Guidelines, currently available serologic assays measure both overall production of antibodies against SARS-CoV-2 antigenic targets (binding antibodies) and functional ability to neutralize the SARS-CoV-2 virus via virus neutralization or pseudovirus neutralization tests (neutralizing antibodies). The antigenic targets most frequently assessed include those to the spike (S) protein, receptor binding domain (RBD) of the spike protein and nucleocapsid (N) core.  IgM, IgA, and IgG isotypes may be developed against any of these antigens. As discussed below, serum binding antibodies to S and RBD and neutralizing antibodies, have all been shown to correlate with protection against symptomatic SARS-CoV-2 infection.

SARS-CoV-2 infection induces a robust humoral and cellular immune response [4-8]. SARS-CoV-2-specific IgA and IgG have been detected from both mucosal sites and the serum of infected individuals [8]. IgM, IgA, and IgG can be detected in the blood 5–15 days following symptom onset or a positive reverse transcriptase polymerase chain reaction (RT-PCR) test, with IgM typically appearing first [6, 9]. IgM antibodies peak within the first few weeks following symptom onset, then fall below detectable limits 2–3 months after infection [6, 9, 10]. IgA antibodies also decrease rapidly, with some studies noting a return to undetectable levels within the first 3 months following infection [9]. IgG antibodies are more durable, though waning is also noted as described below. SARS-CoV-2-specific memory B- and T-cells also begin to appear within the first month following infection [11].

The vast majority of persons with SARS-CoV-2 infection generate detectable anti-SARS-CoV-2 antibodies, with multiple studies reporting seroconversion rates of 90% or higher [10, 12]. One large population-based study reported a lower seroconversion rate of 76%, though, among those who did not seroconvert in this study, only 21% reported symptoms, and authors noted that only 34% had strong evidence of a true-positive PCR [13]. Among individuals who seroconvert following infection with SARS-CoV-2, substantial heterogeneity exists, with a 200-fold difference in peak antibody titers noted in some studies [11]. 

Multiple factors contribute to the degree of immune response mounted following infection. Both binding and neutralizing antibody titers rise faster and reach a higher peak in persons with more severe COVID-19 [9, 10, 14]. People with symptomatic SARS-CoV-2 infection tend to have higher antibody titers than people who are asymptomatic, and people who are hospitalized tend to have higher antibody titers than people managed as outpatients [9, 10, 15, 16]. Studies have also demonstrated a correlation between cycle threshold (Ct) value and antibody titer, with lower Ct values being associated with higher antibody titers at the population level [9, 13]. 

[bookmark: _Hlk84882188]Most studies did not find a relationship between sex and level of peak binding or neutralizing antibody titer. Increasing age has been associated with decreased likelihood of seroconversion [13] but higher peak antibody titers among those who do seroconvert [10, 11, 13, 15]. Lower rates of seroconversion have also been reported in persons with hematologic malignancies or receiving certain immunosuppressive medications [17, 18]. Data on the impact of other medical conditions is more variable and often confounded by the increased risk of severe disease in persons with certain underlying medical conditions.  

Initial Immune Response to Vaccination

As of October 28, 2021, approximately 92% of people who have been vaccinated in the United States received one of two FDA-approved or authorized mRNA vaccines (Pfizer/BNT1272b2 and Moderna/mRNA-1273), and 8% received an adenovirus vector vaccine (Janssen/Ad26.COV2.S) [2]. Both vaccine types are designed to elicit an immune response against the spike protein that is required for SARS-CoV-2 binding, fusion, and cell entry. Consequently, vaccination induces the production of anti-S and anti-RBD binding and neutralizing antibodies in the blood, but not anti-N antibodies. Similar to infection, vaccines result in early production of serum IgA, IgM, and IgG antibodies [19, 20], and also induce long-lasting memory B- and T-cell responses [19, 21-23]. 

In immunogenicity analyses completed during phase I/II vaccine trials, 100% of participants developed both binding and neutralizing antibodies following vaccination with Pfizer-BioNTech and Moderna vaccines, and 90% of participants developed binding and neutralizing antibodies following vaccination with the Janssen vaccine [24-26].  Whereas there is a wide range in antibody titers in response to infection with SARS-CoV-2, completion of a primary vaccine series, especially with mRNA vaccines, typically leads to a more consistent, and higher-titer initial antibody response [24, 26-29]. However, similar to infection, this immune response may be decreased in older and immunosuppressed persons. Decreased rates of vaccine-induced seroconversion have been reported among persons with a variety of immune suppressing conditions, including those on certain immunosuppressive medications, post-solid organ transplant, and with hematologic cancers [30-34]. Studies have also found that persons aged 65-80 years and above have significantly lower peak anti-S and neutralizing antibody titers following vaccination than persons less than 65 years [35-40]. This is of particular concern given the increased risk of severe disease in older and immunosuppressed populations [41, 42]. 



Correlation of Immune Response Metrics to Protection

Multiple correlate-of-protection studies have demonstrated that higher antibody titers are associated with decreased risk of subsequent symptomatic SARS-CoV-2 infection. Data from both the phase 3 AZD1222 and mRNA-1273 vaccine efficacy trials demonstrated that quantitative titers of anti-S IgG, anti-RBD IgG, and pseudovirus and SARS-CoV-2 neutralizing antibody tests all correlate with protection against symptomatic infection (though not asymptomatic infection), with neutralizing antibodies having the strongest correlation in both of these studies [43, 44]. 

Analysis of data across studies has been difficult due to a lack of standardization of serologic assays [45]. Two different studies used data from seven vaccine efficacy studies (standardized against mean convalescent plasma titers) and one convalescent plasma/reinfection study to model effectiveness as a function of antibody titer [46, 47]. These found a high degree of correlation between mean peak neutralizing antibody titers and anti-S IgG binding antibodies within a population, and overall decrease in risk of infection. One study estimated that neutralizing antibody titers amounting to only 20% of the mean convalescent plasma neutralizing antibody titer (54 international units/ml using the WHO standard) correlated with a 50% reduction in infection risk; this appeared robust in predicting the effectiveness of vaccines not included in the model [46, 48]. Of note, the level of antibody associated with protection against severe disease was much lower than the level required to provide protection against infection, with only 3% of the mean convalescent antibody titer level correlating with 50% protection against severe disease [46]. 

Other immune mechanisms are also important in preventing SARS-CoV-2 infection and limiting COVID-19 illness severity, although their direct correlation with protection is less defined at this time. A study of rhesus macaques found that adaptive transfer of plasma with high titers of neutralizing antibodies was sufficient to protect from infection following a SARS-CoV-2 challenge. However, depleting CD8+ T cells compromised their ability to prevent infection once neutralizing antibodies had waned [49]. Analysis of antibody, B-cell and T-cell responses in acutely infected and convalescent humans has shown that protection depends on coordination of all three components of the immune response [50]. In the mRNA-1273 phase 3 clinical trial described above, investigators estimated that 68.5% (95% CI 58.5–78.4) of the protective effect of vaccination could be attributed to initial neutralization titers with some degree of protection occurring following vaccination, even when neutralization titers were not detected [43]. These, along with studies noted above, suggest that, while the magnitude of antibody response following infection or vaccination is correlated with protection and the absence of antibody with risk, antibody test results (particularly when not standardized nor quantitative) provide only a partial picture of an individual’s immune response. At this time there is no specific antibody test or antibody threshold that can determine an individual’s risk of subsequent infection.  

Immune Response Kinetics and Duration of Protection

Immune Response Kinetics Following Infection

[bookmark: _Hlk84884268]Antibody titers peak within 3-5 weeks following infection and then begin to wane in a manner that varies by individual, target antigen, antibody isotype, and assay used [6, 51]. Anti-N antibodies appear to wane fastest, followed by anti-RBD, then anti-S antibodies. Although at least 30% of persons may lose detectable anti-N antibodies within 10 months after infection, anti-S and overall SARS-CoV-2-specific IgG remain detectable in approximately 90% of persons who seroconvert up to 10 months to one year post-infection [16, 52]. Neutralizing antibodies appear to have a biphasic decline with an initial half-life of 2–3 months followed by a slower decline [11, 14, 15]. (Table 1)

For at least 2–3 months following infection, people with moderate-to-severe COVID-19 illness have higher titers of binding and neutralizing antibodies than people with mild illness [9, 14]; these differences may persist for 5–8 months following infection [11, 15]. 

B cells targeting SARS-CoV-2 increase in the first month and then remain at higher concentrations for at least 8 months post infection [11, 14, 53]. SARS-CoV-2-specific CD4+ T cells increase then decline with a half-life of approximately 3-7 months; CD8+ T cell measurements varied with at least one study reporting virtually no decline over the initial 4 months post-infection [11, 14]. (Table 1).

Protection from Reinfection in Cohort Studies

Multiple studies have compared the incidence of reinfection and primary infection during a specific time period to evaluate the level and duration of protection provided by initial infection with SARS-CoV-2. Table 2 summarizes data from seven observational cohort studies from six countries, each with >10,000 participants, assessing the risk of reinfection over time. Five studies used RT-PCR positivity to define initial infection. In these studies, primary RT-PCR-confirmed SARS-CoV-2 infection decreased risk of subsequent infection by 80–93% for at least 6–9 months [54-58]. Studies specifically assessing persons seropositive with anti-N and anti-S antibodies following infection [16, 45] found slightly higher protective effects (89–93%). Most studies had a mean or median follow-up period of approximately 7 months; the longest reported follow-up was 12 months post-infection [58]. Three studies included sub-analysis to assess if the protection waned over time; none of these found a decline in protection within the follow-up period [54, 55, 57]. 

It is important to note that all of these studies were observational and all but two were retrospective. Low availability of testing early in the pandemic may have biased these studies towards populations that were more likely to have had symptomatic or medically attended primary infection. Most were unable to control for any potential differences in test- or healthcare-seeking behaviors between previously infected and naïve persons, though a large proportion of the reinfections reported across the studies were asymptomatic infections (Table 2).  In one of the prospective cohort studies, over 25,000 healthcare workers were tested using RT-PCR testing every 2 weeks, allowing a more comprehensive ascertainment of reinfections. This study found that a history of previous RT-PCR-confirmed infection provided 93% protection against a subsequent symptomatic infection, 52% protection against asymptomatic infection, and 84% protection against overall infection with SARS-CoV-2 [54].  

Many of these studies were completed just as vaccination was being rolled out in their respective countries, which makes it challenging to follow-up and determine when immunity after infection wanes and what markers best predict this waning. Based on the trajectory of antibody decline, researchers have predicted that the immune response following infection would continue to provide at least 50% protection against reinfection for 1–2 years following initial infection with SARS-CoV-2 or vaccination [13, 46].  This would be similar to what is observed with seasonal coronaviruses [59]. Further epidemiologic analyses are needed to confirm these hypotheses.

Of note, these studies occurred when the ancestral strain and Alpha variant were the predominantly circulating variants. There is evidence that protection may decrease in the setting of more transmissible variants of concern (VoC) and variants being monitored (VBM), as discussed below. 

Immune Response Kinetics Following Vaccination

Anti-S, anti-RBD and neutralizing antibodies remain detectable at least 6–8 months following vaccination [21, 22, 60]. Neutralizing titers following vaccination with the mRNA-1273 vaccine are estimated to decay with a half-life of 68–202 days, whereas binding anti-RBD antibodies decline with a half-life of 52–109 days [60]. These rates of antibody decay overlap with those reported for convalescent individuals (as shown in Table 1), though at least one preprint study reported less rapid decay among people recovered from infection compared with those vaccinated with BNT162b2 [28]. As with infection, the protective effect of vaccine-induced immunity is also supported by longer-term components of the humoral response, including memory B cells [21, 23, 61]; vaccine-induced CD4+ and CD8+ T cells continue to be relatively stable up to 6–8 months following vaccination [21, 61].

Although some studies have reported a faster decay of antibodies in persons 65 years or older, as compared to persons less than 65 years, lower anti-S and neutralizing antibodies at 2–6 months post vaccination appear to be at least partially attributable to lower peak antibody titers in this population [39, 40]. Nursing home residents are a unique population given age, co-morbidity, and congregate-setting associated risks. One study reported that detectable pseudovirus neutralization fell from 84% to 30% among nursing home residents (median age: 76 years, age range: 48–100 years) between 2 weeks and 6 months following vaccination; this was significantly faster than the rate of decline reported among staff-member controls (median age: 48 years, age range: 26–76 years), 81% of whom continued to have detectable neutralization at 6 months post-vaccination [42].

Duration of Immune Protection from Vaccination

Evidence is still accruing regarding the duration of protection following vaccination. Using antibody kinetics, one model predicted that an initial vaccine effectiveness of 90% would likely decline to approximately 70% around 250 days post-vaccination [46], not accounting for other factors such as non-serologic components of the immune response or the impact of new circulating variants. 

Both Pfizer-BioNTech and Moderna released data from their phase 3 trials reporting overall high efficacy of mRNA vaccines against laboratory confirmed SARS-CoV-2 infection 5-6 months following vaccination. Pfizer-BioNTech reported an overall vaccine efficacy of 91% against infection and 97% against severe disease 6 months after vaccination with BNT162b2, though also reported a gradual decline in efficacy against infection from 96% at 7 days–2 months to 84% at 4–6months [62]. Moderna reported 93% efficacy at a median of 5 months after vaccination with mRNA-1273, without further details on the rate of decline in efficacy over time [63].   

As described in greater detail in CDC’s COVID-19 Vaccine and Vaccination Science Brief and in a October 2021 Advisory Committee on Immunization Practices presentation, recent studies have demonstrated waning of both antibody titers and vaccine effectiveness against infection over time, especially among older populations [42, 64]. Decreased vaccine effectiveness may reflect a combination of waning antibody titers and decreased neutralizing capacity in the setting of widespread circulation of variants with partial immune escape. Notably, multiple studies have found that vaccine effectiveness against hospitalization and/or severe disease continues to be high, ranging from 84–96%, up to 6 months following vaccination [65-68]. 



Impact of Variants on Infection- and Vaccine-Induced Immunity

Variants of SARS-CoV-2 have emerged with multiple mutations in the spike protein that can result in decreased neutralization by antibodies, including those induced by either prior infection or vaccination [19, 69]. 

There is laboratory evidence that persons previously infected with the original lineage of SARS-CoV-2 have reduced neutralizing antibody titers against certain variants (i.e., Beta, Gamma, and Delta variants) [70-73]. One study found that among 367 unvaccinated persons assessed 12 months after infection, 98% had detectable anti-S IgG and 91% had neutralizing antibodies against wild-type virus.  By comparison, amongst a subset of 78 persons assessed for neutralizing antibodies against particular variants, these were detectable in 84%, 68%, and 55% for Alpha, Delta, and Beta variants respectively [72]. Of note, absence of neutralization activity was higher among people reporting mild infection versus those with severe disease [72]. 

In studies examining neutralization from convalescent sera and vaccinated individuals together, the relative reduction in neutralization appears to be similar across both groups. A number of studies reported a 2- to 4-fold reduction in neutralization against Delta and a 6-fold (or higher) reduction in neutralization against Beta but minimal decreased neutralization against Alpha, as compared to the original SARS-CoV-2 lineage, for both convalescent and vaccinated individuals [70, 74, 75]. 

Decreased neutralization against Delta parallels reduced vaccine effectiveness against infection, but effectiveness remains high against hospitalization or severe disease [65, 66]. As highlighted in the COVID-19 Vaccine and Vaccination Science Brief, recent studies from the United States, United Kingdom, and Qatar have reported vaccine effectiveness of 54–85% against SARS-CoV-2 infection compared with 90–100% against hospitalization/severe disease during periods of widespread circulation of Delta [65, 76-78]. 



Comparison of Infection- and Vaccine-induced Immune Responses 

A systematic review and meta-analysis including data from three vaccine efficacy trials and four observational studies from the US, Israel, and the United Kingdom, found no significant difference in the overall level of protection provided by infection as compared with protection provided by vaccination;  this included studies from both prior to and during the period in which Delta was the predominant variant [79].  In this review, the randomized controlled trials appeared to show higher protection from mRNA vaccines whereas the observational studies appeared to show protection to be higher following infection.

[bookmark: _Hlk86135673]A more recent analysis of data from a network of 187 hospitals in the United States found that, among more than 7,000 COVID-19–like illness hospitalizations whose prior infection or vaccination occurred 90–179 days beforehand, there was a 5.5 times higher odds of laboratory-confirmed COVID-19 among previously infected patients than among fully vaccinated patients [80]. This study included data on persons more recently infected and/or vaccinated than the studies in the systematic review, though the authors noted one limitation of the design was the potential of missing testing that may have occurred outside of the healthcare network.

The Office of National Statistics in the United Kingdom used data from a large-scale longitudinal community survey of COVID-19 to compare the risk of infection among fully vaccinated, partially vaccinated, unvaccinated/previously infected, and unvaccinated/uninfected persons during two different periods 1) when Alpha was the predominant variant (December 2020–May 2021) and 2) when Delta was the predominant variant (May–August 2021) [81]. Based on results that included over 26,000 RT-PCR positive tests, they found full vaccination to provide the greatest protection during the Alpha predominant period (79% vs. 65% reduction in risk), but equivalent protection from full vaccination and infection during the Delta predominant period (67% vs. 71% reduction in risk).  



Vaccine-induced Immune Responses after Previous Infection 

Although there appears to be varying evidence regarding the relative protection that occurs after surviving COVID-19 as compared with completing vaccination, there is substantial immunologic and increasing epidemiologic evidence that vaccination following infection further increases protection against subsequent illness among those who have been previously infected.

Immunologic Data on Vaccination Following Infection

There is clear evidence that neutralizing antibody and memory B cell response elicited by a single dose of mRNA vaccine following previous infection with SARS-CoV-2 results in an increased antibody titer that is approximately equivalent to a two-dose vaccine regimen in individuals who were not previously infected (Table 3) [22, 23, 82-89]. In one study of healthcare workers vaccinated 7–11 months after infection with SARS-CoV-2, antibody titers measured 6 days following their first vaccination dose were twice as high as the antibody titers measured the month after their initial infection, and were able to neutralize wildtype, Alpha, and Beta variants, irrespective of vaccine type, number of doses, or pre-vaccination antibody titers [90]. 

Risk of Reinfection in Unvaccinated vs. Vaccinated Individuals with a History of Infection

In studies directly comparing risk of reinfection among previously infected individuals who were never vaccinated versus individuals who were vaccinated after infection, most, but not all studies show a benefit of vaccination. One retrospective cohort study described risk of reinfection from December 2020–May 2021 among 2579 US-based healthcare users previously infected with SARS-CoV-2, about 47% of whom were vaccinated over the course of the study.  Investigators did not detect any cases of reinfection, regardless of vaccination status during 5 months of observation and so could not detect a benefit of vaccination [91]. In contrast, a case-control study conducted among 738 residents of Kentucky with reported infection during March–December 2020 found that previously infected persons who were unvaccinated had 2.3 times greater odds of reinfection during May–June 2021 than previously infected but vaccinated individuals [92]. Both of these studies occurred before Delta became the dominant variant in the United States. 

More recent observational cohort studies including over 700,000 health system users in Israel and over 11,000 healthcare workers in India reported that history of prior infection provided greater protection from subsequent infection than vaccination alone, but overall risk of infection was lowest among those that were vaccinated following infection during periods of Delta predominance [93, 94]. In the systematic review described above, a pooled analysis across seven studies showed a modest, but significant increase in protection from infection when previously infected individuals were vaccinated [79].  



Limitations 

This review summarizes characteristics of infection- and vaccine-induced immune responses, evidence regarding duration of immunity, and the potential impact of circulating variants. The approach was limited in scope focusing primarily on articles that were published in high-impact journals or novel in their findings; therefore, this does not represent a systematic review of all the scientific literature on SARS-CoV-2 infection-induced immunity. Particular biases related to observational study designs have been discussed above. The majority of studies included in this review came from a small number of countries, often with limited diversity in participants. Many of the immunologic studies did not include detailed demographic data. More consistent inclusion of descriptive data about demographics of participating populations (e.g., race/ethnicity, socioeconomic status, educational attainment) and conscious efforts to improve the racial, ethnic, and social diversity of participants in studies would be of great benefit in ensuring that related policies address the needs of all populations.  



Conclusions

Multiple studies in different settings have consistently shown that infection with SARS-CoV-2 and vaccination each result in a low risk of subsequent infection with antigenically similar variants for at least 6 months. Numerous immunologic studies and a growing number of epidemiologic studies have shown that vaccinating previously infected individuals significantly enhances their immune response and effectively reduces the risk of subsequent infection, including in the setting of increased circulation of more infectious variants. 

Although the Delta variant and some other variants have shown increased resistance to neutralization by both post-infection and post-vaccination sera in laboratory studies, observed reduction in effectiveness has been modest, with continued strong protection against hospitalization, severe disease, and death. 

Multiple studies have shown that antibody titers correlate with protection at a population level; however, data are presently insufficient to determine an antibody titer threshold that indicates if an individual is protected from infection. At this time, there is no FDA-authorized or approved test that providers or the public can use to reliably determine whether a person is protected from infection.

CDC will continue to follow and evaluate evolving scientific evidence in these areas and update recommendations accordingly.  








Table 1: Duration of various immune markers after infection, multiple studies

		Immune marker

		Half-life/Duration

		Citation



		Anti-nucleocapsid IgG

		63–85 days 

		[11, 14, 15, 53]



		Anti-spike IgG

		126–229 days



		[11, 13-15, 52, 53] 



		Anti-receptor binding domain

		83–126 days



		[11, 14, 53]



		Neutralizing Abs

		55 days (at <70 days post infection), then 519 days

150 days (at >42 days), then 254 days (at>120 days post symptom onset)

		[14]



[53]



		Pseudovirus neutralization

		90–114 days

		[11]



		Memory B Cells

		Increased over initial 4 months, then sustained 

		[11, 53]



		CD4+ T Cells



		Increased over first month then declined with half-life of 94–207 days

		[11, 14, 53]



		CD8+ T-Cells

		Increased over first month then declined with half-life of 125–690 days

		[11, 14, 53]
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Table 2: Summary of Cohort Studies with N>10,000 and Population-level Observational Studies on Reinfection, Multiple locations 

		Study Design/ Location

		Population/

Sample Size

		Definition of initial infection

		Follow-up period

		Definition of reinfection

		Key Findings:

		Citation



		Multicenter prospective cohort (SIREN) with routine RT-PCR  and antibody testing every 2-4 weeks

United Kingdom

		Healthcare workers (HCWs)

Median age: 46 yrs (Range: 18–84yrs)

(N = 25,661)

		RT-PCR or antibody positive

(n = 8278)

		Enrolled: Jun–Dec 2020

Data extracted Feb 2021



		RT-PCR positive >90 days following previous positive RT-PCR or >4 weeks following prior positive antibody test (further classified as confirmed, probable, or possible from clinical review)

		Incidence of reinfections: 7.6 per 100,000 person-days compared to 57.3 for per 100,000 person-days for primary infections

SARS-CoV-2 infection offered 84% protection against infection (93% against symptomatic infection) at 7-months following primary infection

Mean interval to reinfection was 200 days

50% of cases were symptomatic

		[54]



		National-level observational study


Denmark

		Individuals tested nationally during 1st wave 

(N = 525,339)

		RT-PCR positive during the 1st wave (Mar–May 2020)

(n = 11,068)

		Assessed for reinfections during 2nd wave (Sep–Dec 2020) 

		RT-PCR positive during the 1st and 2nd wave (or subsequent positive >90 days later in alternative analysis)

		Protection against repeat infection was 80.5% overall; 47.1% in persons >65years (in alternate analysis)

No difference found when comparing 3-6 months to >7 months of follow-up

		[55]



		Retrospective observational study (national reporting system)



Austria

		Compared “COVID-19 survivors” from first wave to general population 

(N~8.9 million)

		Positive RT-PCR during 1st wave (Feb to April 2020) excluding deaths

(n = 14,840)

		Assessed for reinfections during 2nd wave (Sep–Nov 2020)

		RT-PCR positive during 1st and 2nd wave (did not track infections that occurred from May to Aug 2020)

		Odds ratio (OR) for reinfection amongst COVID-19 survivors compared to general population was .09

Mean time to reinfection was 212 days

Noted 5 hospitalizations and one death amongst 40 “tentative” reinfections, though death was thought to be unrelated

		[56]



		Retrospective cohort study (health system)

United States

		Healthcare users tested for COVID-19 from Mar to Aug 2020

Mean age: 51 years (SD: 22 years)

(N = 150,325)

		RT-PCR positive prior to Aug 30, 2020 

(n=8,845)

		Initial testing: Mar–Aug 2020

Follow-up through Feb 2021

		RT-PCR positive ≥90 days after initial positive test

		Protection against repeat infection was 81.8% overall and 84.5% against symptomatic infection

Average time to reinfection was 139 days; protection increased over time

50% of possible reinfections were symptomatic



		[57]



		Population-level observational study (using laboratory-system)


Italy

		Healthcare users

Median age: 59 years (Range: 0-108 years)

(N = 15,078)

		RT-PCR positive during 1st wave (Feb–Jul 2020)

(n = 1579)



		Mean follow-up: 280 days



		RT-PCR positive test >90 days after resolution of first infection (with at least 2 consecutive negative tests in-between)

		Incidence of reinfections: 1.0 per 100,000 person days compared to 15.1 per 100,000 person days for primary infections

Incidence rate ratio (IRR) 0.07 (93% reduction in risk) 

Mean interval between primary infection and reinfection was >230 days

Of 5 reinfections, 1 required hospitalization

		[58]



		National-level observational study (using national laboratory)


Qatar

		Individuals with testing data in centralized national database, from April to Dec 2020 

Median age: 35-38 years

(N = 192,967)

		Antibody positive from Apr–Dec 2020

(n = 43,044)

		Median follow-up: 16.3 weeks (range: 0–34 weeks)

		RT-PCR-positive >14 days after infection, assessed clinically for evidence of reinfection and then adjusted for proportion that were able to be confirmed as genetically distinct in paired genomic sequencing

		Calculated incidence rate of reinfection as 0.66 per 10,000 person-weeks compared to 13.69 per 10,000 person weeks for primary infection

Amongst antibody-positive individuals, protection was estimated at 95.2% for up to 7 months of follow-up

Incidence of reinfections did not increase with time

Reinfections were less severe than primary infections (none were critical or fatal)

		[95]



		Prospective Cohort

United Kingdom

		HCWs at four Oxford University teaching hospitals

Median age: 38 years

(Range: 18-86 years)

(N = 12,541)

		Anti-S IgG positive 

(n = 1265)

		Initial testing: Mar 2020

Follow-up until Nov 2020 (31 weeks)

		RT-PCR positive 60 days or more after their first positive antibody test or RT-PCR test

		Incidence of reinfection: 0.13 per 10,000 days at risk compared to 1.09 per 10,000 days at risk for seronegative participants

aIRR of 0.11 (89% reduction in risk)

All reinfections were asymptomatic

		[96]







Table 3: Selected studies evaluating the immune response to a 1st and 2nd dose of mRNA vaccine following previous infection



		Participants

		Effect of 1st dose if previously infected vs. 2nd dose if SARS-CoV-2 naïve 

		Effect of if previously infected, 2nd dose vs. 1st dose 

		Notes

		Citation



		SARS-CoV-2 naïve (n=33) or previously infected (n=11; 65–275d prior); similar age and sex distribution who received two doses of Pfizer-BioNTech  or Moderna vaccine

		Antibody and memory B cell responses 2 weeks after 1st dose similar to SARS-CoV-2 naïve participants 1 week after 2nd dose

		No increase in overall or neutralizing antibodies, or spike-specific memory B cells

		Included assessment of response to B.1.351 variant

		[22]





		Study within cohort of participants who were SARS-CoV-2 naïve (n=490 post dose 1, n=228 post dose 2) or previously infected (n=35 post dose 1, n=11 post dose 2)

		Anti-RBD IgG no difference ≤21d post 1st dose than for SARS-CoV-2 naïve participants ≤21d after 2nd dose (10.0 [9.2–10.4] vs. 9.9 [9.4-10.3)

		No difference in Anti-RBD IgG (10.2[8.4–10.5] vs. 9.9 [9.4–10.3])

		Sensitivity analysis including participants with data at all time points found similar results. Timing of previous infections not specified.

		[86]





		Study within cohort of participants who were SARS-CoV-2 naïve (n=67 post dose 1, n=36 post dose 2) with previously infected (n=43 post dose 1, n=19 post dose 2)

		Median anti-spike IgG 6-fold higher after 2nd dose than SARS-CoV-2 naïve participants after 1st dose

		No increase in antibody titers after 2nd dose

		Assay measured by area under the curve; antibody levels 10–45 times higher at baseline if previous infection. Timing was soon after 2nd dose but was unspecified; timing of prior infection is also unknown. 

		[88]





		Group receiving 2 doses of Pfizer-BioNTech  vaccine, either previously infected (n=6, 2–7 months post-infection) or SARS-CoV-2 naïve (n=9)

		Neutralizing anti-RBD IgG at day 7 post 1st vaccine dose in previously infected group no different to day 7 post 2nd dose in uninfected group (GMT, 95% CI: 906, 552–1348 vs. 670, 364–1228, p = NS)

		Results chart indicates no difference between antibody titers after 1st vs. 2nd dose (numbers not provided)

		

		[87]





		Healthcare workers infected a median of 2 months previously (n=18), 9 months previously (n=19) or SARS-CoV-2 naïve (n=73) who received 2 doses of Pfizer-BioNTech  vaccine.

		(not assessed)

		No substantial difference in binding assay (0.92-fold) or neutralizing titers (1.17-fold) between 21d after 1st dose and 28 days after 2nd dose

		Similar antibody responses after vaccine by whether previous infection was ~2 months or ~9 months previously

		[82]





		Cohort of recipients of Pfizer-BioNTech  vaccine previously infected (n=51; 25 in 1st wave, 26 in 2nd wave) or SARS-CoV-2 naïve (n=50)

		Irrespective of time since infection, previously infected recipients had higher spike-specific IgG and pseudovirus neutralization than previously uninfected after 2nd dose.

		Neutralization did not increase between 1st and 2nd doses. 

		This study noted similar trends for IgA, IgM, and IgG. There is limited information on timing of tests after vaccine doses. 

		[85]





		Group of recipients of Pfizer-BioNTech  vaccine previously infected (n=23; 1–9 months after infection) or uninfected (n=23)

		Higher IFN-gamma 20 d after 1st dose if previous infection than 20d after 2nd if no previous infection 

		IFN-gamma declines after 2nd dose (but boosted after 1st dose)

		IFN-gamma from CD4+ T cells assessed to SARS-CoV-2 spike and peptide pools. Note that a separate analysis indicates natural infection drives IFN-gamma responses more than vaccine-induced immunity.

		[84]





		Recipients of Pfizer-BioNTech  vaccine, 1 dose if previously infected (n=43; 17 with severe illness 12 months prior; 17 with mild illness 12 months prior; 9 with mild illness 6 months prior); or 2 doses if SARS-CoV-2 naïve * (n=25)

		Two months after 2nd dose without previous infection, similar antibody levels but lower neutralization against variants, lower proportion of anti-spike B cells that were anti-RBD, and less diverse responses. Neutralizing B-cell clones were present but less common without infection. 

		(Not assessed)

		Stable IgG and memory B-cells 6 to 12 months after infection.

		[23]





		Recipients of Pfizer-BioNTech  or Moderna vaccine, anti-nucleocapsid negative (n=148) or positive (n=20; mostly by RT-PCR)

		Similar titers of anti-spike antibody if previously infected ~21 days post dose 1 compared with ~66 days after dose 2 if SARS-CoV-2 naïve.

		No increase in median anti-spike or anti-RBD titers. However, no. post infection with neutralizing antibodies increased from 10/15 to 12/15 and varied by individual. 

		Timing of RT-PCR positive tests is unclear. 

		[89]
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I totally agree with Kevin – it’s not our battle to fight, we are just adding a nugget of data to the
understanding of the overall situation.  I think your answer is great.  The only addition I would
suggest if you have it easily available is to add references for some of those observational studies
that you mentioned in the first sentence, “. . . several observational studies have shown significantly
lower incidence of infection among those with prior SARS-CoV-2 infections compared to those
without previous infections.”
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Hi Alyson,
 
I realize you may have already responded, and I have nothing significant just some very minor edits.
 
I think it best to do what you have done, which is to keep the response brief and to the point.  The
inquiry I believe is trying to pull us into a larger policy and ethical debate.
 
Nicely done.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 

IR#0588 - KT DPH - Production_000187

mailto:douglas.thoroughman@ky.gov
mailto:kevin.spicer@ky.gov
mailto:alyson.cavanaugh@ky.gov
mailto:kathleen.winter@ky.gov
mailto:alyson.cavanaugh@ky.gov


Sent: Wednesday, August 11, 2021 8:40 AM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: actual numbers, please? -DRAFT response
 
Good morning,
This is a message received in regards to MMWR.  Attached is drafted response.  Please let me know
if you think any additional changes to the drafted response are needed.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
   
 
 

From: Matt Birchmeier <mjbirchmeier@hotmail.com> 
Sent: Saturday, August 7, 2021 8:30 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: actual numbers, please?
 
Dr. Cavanaugh,
I read with interest your article here.  However, as one PhD scientist to another, I found that
the text you presented was completely lacking in a very important detail: what was the actual
odds of someone who has previously been infected, of becoming re-infected during the
study?  You cite the 2.3X higher risk, but it matters greatly whether the risk of reinfection is
0.1% or 1% or 10% or 90%.  Certainly, those numbers were generated during your study.  You
should present them.  The Missouri study that I linked below found a <1% rate of reinfection
among those who had significant illnesses.  Furthermore, particularly hard hit areas like
Detroit, Michigan, still seem to be benefiting from a strong degree of natural immunity, 1+
year after the worst of the pandemic, in spite of a low vaccination rate.
 
There is a very good argument that the benefits of vaccinating previously infected people in
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the US are less than the benefit of vaccinating naive populations elsewhere in the world.  That
question may be an ethical debate for another day.  But hopefully you can see that the
absolute numbers around reinfection are important in that debate!  If the risk of reinfection is
90%, then certainly that vaccination in Kentucky is important, both from an ethical and policy
perspective.  If the risk of reinfection is 0.7%, then perhaps someone in Vietnam should
receive that dose.
 
Please update your publication at the earliest opportunity, to better inform the American
public of what the true risks around COVID are.  Most media outlets seem content to scare
people rather than truly inform them; I would hope for much better from the CDC.  We CAN
handle the truth, if only you would tell the whole truth.
 
Best regards,
Matthew J. Birchmeier, Ph.D.
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w

Reduced Risk of
Reinfection with SARS-
CoV-2 After COVID-19
Vaccination — Kentucky,
May–June 2021 | MMWR
Although laboratory evidence suggests
that antibody responses following
COVID-19 vaccination provide better
neutralization of some circulating
variants than does natural infection (1,2),
few real-world epidemiologic studies

     
   
     

    
  

www.cdc.gov

 
 
 
 
https://medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-
severe-illness

Study Finds COVID-19
Reinfection Rate Less Than
1% for Those with Severe

IR#0588 - KT DPH - Production_000189

Ill 

https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__http:/www.cdc.gov__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0gOK4QiGw$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$


Illness - MU School of
Medicine
A review of more than 9,000 U.S.
patients with severe COVID-19 infection
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time of 3.5 months after an initial
positive test. Those are the findings from
     

     
    

medicine.missouri.edu

 
 

IR#0588 - KT DPH - Production_000190

https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$


From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP)
Subject: RE: actual numbers, please? -DRAFT response
Date: Thursday, August 12, 2021 9:56:17 AM
Attachments: actual numbers_response_ks.docx

Hi Alyson,
 
I realize you may have already responded, and I have nothing significant just some very minor edits.
 
I think it best to do what you have done, which is to keep the response brief and to the point.  The
inquiry I believe is trying to pull us into a larger policy and ethical debate.
 
Nicely done.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 11, 2021 8:40 AM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: actual numbers, please? -DRAFT response
 
Good morning,
This is a message received in regards to MMWR.  Attached is drafted response.  Please let me know
if you think any additional changes to the drafted response are needed.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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Thank you for your inquiry and suggestions.



[bookmark: _GoBack]Reinfections are uncommon, and several observational studies have shown significantly lower incidence of infection among those with prior SARS-CoV-2 infections compared to those without previous infections.  For this MMWR, analyses did not include the comparison of those with and without prior infections to determine odds of reinfection compared to odds of infection among those without prior infections.  However, there is current work ongoing to detail the incidence rate ratios between the two groups, and we hope to publish this information shortly.  In the meantime, the actual number of reinfections in Kentucky in May-June 2021 are available in the report.  There were 246 reinfection cases identified in adults aged 18 years or older, who were first infected in 2020.  



V/R,





From
: M

att Birchm
eier <m

jbirchm
eier@

hotm
ail.com

> 
Sent: Saturday, August 7, 2021 8:30 AM
To: Cavanaugh, Alyson (CDC/DDPH

SS/CSELS/DSEPD) <qds1@
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated

with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Wednesday, August 4, 2021 7:43:24 AM
Attachments: COPY_EOC_Cavanaugh_08.03_clean_kw_dat_ks.docx

Hello Alyson,
 
A few additional edits/comments for your consideration.  Sorry to be late.
 
Best,
 
Kevin
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Wednesday, August 4, 2021 7:09 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
I think it looks great, and I do like the protective OR’s now.  
 
I only found an additional period, an additional space, and a missing comma worth revising.  I think the
rest was fine with Kathleen’s revisions.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Tuesday, August 3, 2021 11:25 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout e vaccine series was either not complete completion of the vaccine series or final dose was not received at least 14 days before reinfection date of the case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can’t you just say “had” instead of “were associated with”

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Is it really necessary to state this?

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. To reduce their risk of future infection, All all eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 




Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html	Comment by Spicer, Kevin B (CHFS DPH DEHP): There are inconsistencies in the font used for the footnotes.  Wasn’t sure which was the preferred.

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I believe that this sentence flows better with this phrase at the beginning rather than the end.
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Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
With my edits/comments, for your consideration.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, August 3, 2021 9:58 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi all,

Here are the most recent version just submitted.  If there is feedback please let me know early
tomorrow.   They needed this tonight to start working on getting the proof ready
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 9:46 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Good evening,
 

IR#0588 - KT DPH - Production_000195
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Please find attached track and clean changes of manuscript, Table 1, and Table 2.
 
There is no longer a table 3 and Tables 2 and 3 were combined.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:
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Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
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From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk
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JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
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JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)
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Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
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vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.
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NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout ae vaccine series was either not complete vaccine series or the final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Here are the most recent version just submitted.  If there is feedback please let me know early
tomorrow.   They needed this tonight to start working on getting the proof ready
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 9:46 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Good evening,
 
Please find attached track and clean changes of manuscript, Table 1, and Table 2.
 
There is no longer a table 3 and Tables 2 and 3 were combined.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
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The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:

 

Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
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Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
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Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
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Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
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eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description

Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021

Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other
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Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: COI_disclosure forms - due COB Monday - UPDATE
Date: Monday, August 2, 2021 10:23:18 AM

Good morning all,
 
Just to update – the report got stuck in JIC clearance but is now escalated for expedited review.  I
have not yet received any official feedback, but I received notification that it is still expected this
report gets published Friday.   I was told to expect feedback this afternoon and have revisions
prepared/submitted by this evening.  I will work to do that, if possible.
 
If you haven’t already e-mailed COI form, please do so by close of business today. 
 
In addition, please send me a separate email so that I can archive for records that statement:
“I, FULL NAME , agree to be included as an author on the manuscript, “Reduced Risk of Reinfection
with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and certify that I meet
the qualifications for authorship for this article
 
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Saturday, July 31, 2021 8:30 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
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Subject: COI_disclosure forms - due COB Monday
 
Good morning all,
 
Each author will need to complete a conflict of interest form for the upcoming MMWR. I am
attaching the ICMJE conflict of interest form.  If you have no conflicts of interest, please make sure
that every box is marked none.  There is also a question at the end that would need to be marked.
 
I added the manuscript title.  There is no number assigned yet so please leave it blank.
 
Please complete this and return it to me by Monday 8/2 at the latest.

Thank you all !
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Thoroughman, Douglas (CHFS DPH)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 10:21:27 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC_dat.docx

I think I only had one or two comments to consider.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 10:00 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
One more change to be aware of.  I changed the reference order.   One of the lab studies focuses
more on reduced neutralization for convalescent plasma on newer variants, but not specifically on
vaccination.  The order is more appropriate to the lines in the manuscript now.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (16). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was distinct from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in mostassumed in these cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Thoroughman, Douglas  (CHFS DPH): Not sure if I helped here, but I thought it needed a little more to get to their point.  Disregard if you feel it confuses.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



individual or entity to which it is addressed and may contain confidential information that is legally privileged and
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have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:51 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Thank you, Alyson.  I think you have done an admirable job.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:42 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
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275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Hello Alyson,
 
Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
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Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 9:42:07 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC.docx

 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation.suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957][bookmark: _GoBack]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (16). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in mostassumed in these cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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7.	Saadat S, Rikhtegaran Tehrani Z, Logue J, et al. Binding and neutralization antibody titers after a single vaccine dose in health care workers previously infected with SARS-CoV-2. JAMA 2021;325:1467–9. PMID:33646292 https://doi.org/10.1001/jama.2021.3341

8.	Manisty C, Otter AD, Treibel TA, et al. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021;397:1057–8. PMID:33640038 https://doi.org/10.1016/S0140-6736(21)00501-8

9.	Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and infectiousness: a systematic review and meta-analysis. Lancet Microbe 2021;2:e13–22. PMID:33521734 https://doi.org/10.1016/S2666-5247(20)30172-5

* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
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From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
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Didn’t attempt to make any more edits, but did have a couple of comments in response to
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<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
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reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Spicer, Kevin B (CHFS DPH DEHP): You could eliminate the sentence entirely.
“Laboratory evidence suggests that antibody responses following…, but few real-world...persons.”

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not sure how she gets to this, given the lack of any mention of a denominator.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): For example, “…through whole genome sequencing which would be necessary to definitively prove the presence of a distinct virus during the second infection.”	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Spicer, Kevin B (CHFS DPH DEHP): No idea, but would hope so.

[bookmark: _GoBack]These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.

Acknowledgments

 Kentucky’s local health departments, disease investigators, and regional epidemiologists; Kentucky Department for Public Health immunization and data team members; Suzanne Beavers, CDC.

[bookmark: _Hlk78971163]Corresponding author: Alyson M. Cavanaugh, qds1@cdc.gov.

1Epidemic Intelligence Service, CDC; 2Kentucky Department for Public Health; 3Division of Healthcare Quality Promotion, National Center for Emerging and Zoonotic Infectious Diseases, CDC. 4Division of State and Local Readiness, Center for Preparedness and Response, CDC; 5College of Public Health, University of Kentucky, Lexington, Kentucky.

All authors have completed and submitted the International Committee of Medical Journal Editors form for disclosure of potential conflicts of interest. No potential conflicts of interest were disclosed.

References

1.	Wang P, Nair MS, Liu L, et al. Increased resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7 to antibody neutralization. bioRxiv [Preprint posted online February 4, 2021]. https://www.biorxiv.org/content/10.1101/2021.01.25.428137v2

2.	Deng X, Garcia-Knight MA, Khalid MM, et al. Transmission, infectivity, and neutralization of a spike L452R SARS-CoV-2 variant. medRxiv [Preprint posted online March 9, 2021] https://www.medrxiv.org/content/10.1101/2021.03.07.21252647v1

3.	Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)—a metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed Inform 2009;42:377–81. PMID:18929686 https://doi.org/10.1016/j.jbi.2008.08.010

[bookmark: _Hlk78970294]4.	Mounib EL, Satchi T. Automating the selection of controls in case-control studies. Cary, NC: SAS Institute; 2000. https://support.sas.com/resources/papers/proceedings/proceedings/sugi25/25/po/25p230.pdf

5.	Sui Y, Bekele Y, Berzofsky JA. Potential SARS-CoV-2 immune correlates of protection in infection and vaccine immunization. Pathogens 2021;10:138. PMID:33573221 https://doi.org/10.3390/pathogens10020138

6.	Stamatatos L, Czartoski J, Wan YH, et al. mRNA vaccination boosts cross-variant neutralizing antibodies elicited by SARS-CoV-2 infection. Science 2021;eabg9175. Epub March 27, 2021. PMID:33766944 https://doi.org/10.1126/science.abg9175

7.	Saadat S, Rikhtegaran Tehrani Z, Logue J, et al. Binding and neutralization antibody titers after a single vaccine dose in health care workers previously infected with SARS-CoV-2. JAMA 2021;325:1467–9. PMID:33646292 https://doi.org/10.1001/jama.2021.3341

8.	Manisty C, Otter AD, Treibel TA, et al. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021;397:1057–8. PMID:33640038 https://doi.org/10.1016/S0140-6736(21)00501-8

9.	Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and infectiousness: a systematic review and meta-analysis. Lancet Microbe 2021;2:e13–22. PMID:33521734 https://doi.org/10.1016/S2666-5247(20)30172-5

* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerningthe protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was confirmedwere identified by positive NAAT or antigen test results during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor (CHFS

DPH DEHP)
Subject: RE: Comments on report no. 1464
Date: Wednesday, July 28, 2021 6:58:53 PM

Thank you!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to
which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable
law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or
copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Wednesday, July 28, 2021 5:40 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick, Connor
(CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Comments on report no. 1464
 
Thank you, Alyson.  I made a couple of edits and comments in the sharepoint document.
 
I have no edits/comments on the tables.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, July 27, 2021 6:24 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick, Connor
(CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Comments on report no. 1464
 
Hi all,
 
Here are comments from MMWR from pre-review.   In general, I agree with most edits. 

·       I agree with suggestion to use Figure 1 in supplemental and include the three tables in the MMWR.
·       The one section I am unsure of is Page 5.   This paragraph on single dose was added per comments from

vaccine task force.  Any suggestions for shortening would be appreciated, but I think some talk on the topic
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is needed.
·       For the actual manuscript, if you have suggestions/edits/comments, please use the link: https://kymsoffice-

my.sharepoint.com/:w:/g/personal/alyson_cavanaugh_ky_gov/EZYxVWqbJ1pFnaIdyX75zHYBBd3cJK1e16C3m-
hZ0jUkPQ
 

I plan to resubmit early morning (6am ish) on 7/29/21. The next submission step is higher levels of CDC clearance
(CHEO/JIC).  This is nearing the end of the process for clearance.
 
 
FYI – they edited the tables without track changes, so I will need to make some adjustments. Table 3 is confusing as
laid out. I need to check these in more detail since track changes weren’t used. If you have changes on tables, let me
know.  There is not a sharedrive link for tables.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to
which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable
law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or
copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov> 
Sent: Tuesday, July 27, 2021 4:19 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Subject: Comments on report no. 1464
 
Dear Dr. Cavanaugh,
I appreciated the opportunity to review your draft manuscript (Reduced risk of reinfection with SARS-CoV-2
after COVID-19 vaccination — Kentucky, May–June 2021) on behalf of MMWR before it undergoes further
COVID-19 Response pre-clearance and JIC clearance.

I’ve made a number of edits to your manuscript in track changes in the attached files to enhance clarity and
to further align with MMWR author guidelines, and have also included some comments and questions. You
do not need to accept any edits that may have inadvertently introduced inaccuracies or deviated from the
original intent of the narrative. However, please accept all other edits and make a concerted effort to
address the comments and questions before sending a clean version to the next stage of pre-clearance. This
will ultimately help facilitate more timely processing of the manuscript once it is eventually submitted
to MMWR for official consideration of publication.  

Please pay attention to the following:
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1. MMWR reports are allowed to have a maximum of 3 tables and/or figures in any combination; you
have submitted 3 tables and 1 figure; I suggest that you make the figure a supplementary figure; it will
be archived in CDC Stacks, and there will be a clickable link within the report to access it.

2. I formatted your tables for MMWR; in the future, please be aware that table cells cannot have any
hard returns nor can there be any empty cells.

In accordance with the current COVID-19 Response clearance protocol, your next step is to
simultaneously send clean copies of your manuscript files to both the Strategic Science Unit
(SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-
clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is copied on your
submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then
be submitted to the Response JIC for clearance. Once cleared by JIC, you will then be directed to submit
the manuscript to MMWR via ScholarOne (https://mc.manuscriptcentral.com/mmwr); at that time, please
remember to include an ICMJE conflict of interest form for each co-author with your submission. If there is
a group author on the byline, then the persons listed in the group will be indexed in PubMed as
contributors rather than authors, and no ICMJE form is necessary for those persons.

As your manuscript continues through clearance, please remember that MMWR allows up to 1,650 words
for COVID-19 reports and up to 10 references. You and your coauthors will likely receive requests for
additional narrative to be added from the next several reviewers; but please ensure that the final submission
to MMWR is less than 1,650 words with no more than 10 references or it will require another round of
editorial review, which could delay processing of the report. 

Please let me know if you have any questions.
With kind regards,
 
Jacqueline Gindler, MD
Editor, MMWR Weekly
404-639-8829
jgindler@cdc.gov
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP); Thoroughman, Douglas (CHFS

DPH)
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
Date: Friday, July 30, 2021 7:51:57 PM
Attachments: image001.png

COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance Review
kou4_AC_ks.docx

Hi Alyson,
 
Couple of comments for the comms package.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:27 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
 
Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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Tick Tock (For Early Release)

On Publication Date

· 9 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 11 am ET: embargo lifts 

· After 11 am ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



In an evaluation of COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System from March–December, previously infected Kentucky residents who remained free of reinfection were two times as likely to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected.



COVID-19 immunity is not long-lasting, and reinfections have been well-documented. Based on current and developing knowledge, the duration of post-infection immunity is suspected be 90 days for most people.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Instead of this paragraph, consider:
Although not common, COVID-19 reinfections do occur (or have been well documented).  Based on current knowledge, duration of post-infection protection from reinfection is suspected to be at least 90 days for most people.

The findings of this report suggest that among previously infected people, lack of vaccination is associated with reinfection and full vaccination is associated with remaining free of reinfection. Individuals with previous COVID-19 infections should be vaccinated to reduce the risk of reinfection.



[bookmark: _GoBack]



Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs 

Office Phone: 

Cell Phone: (502) 226-0245

Email Address: Susan.Dunlap@ky.gov



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone:  502-564-3261 x4231

Cell Phone: 

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.







To find stock images available in MMWR’s Getty package, visit: https://www.gettyimages.com/landing/pa-preview/expanded/85115 (ensure you are in guest preview; link works best if pasted directly into your browser)





To see MMWR’s generic graphic options, visit: https://cdc.sharepoint.com/sites/CSELS/MMWR/COVID19%20Communication%20Packages/Forms/AllItems.aspx?viewid=dfb37dca%2D441a%2D4fe5%2D8fe0%2D40f6584293f3&id=%2Fsites%2FCSELS%2FMMWR%2FCOVID19%20Communication%20Packages%2FGeneric%20Graphics 
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1 Recommended Social Media Posting for General Audience (if there is no general audience messaging for the report please note that)

(for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR found that unvaccinated people who previously had COVID-19 are two times more likely to get reinfected with COVID-19 than vaccinated people who previously had COVID-19. People who have had COVID-19 should get vaccinated to prevent reinfection. 
	Comment by Spicer, Kevin B (CHFS DPH DEHP): This is not an accurate statement.

General Twitter 

A new @CDCMMWR finds vaccination provides additional more protection for those who have already had #COVID-19 infections. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. Read more: [LINK to report]	Comment by Douglas, Myron (CDC/DDNID/NCEH/DEHSP): If this is for a general twitter, this change was to make it plain language.



1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new CDC MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous COVID-19 infection to be vaccinated to reduce the risk of reinfection. [LINK to report]
	Comment by Spicer, Kevin B (CHFS DPH DEHP): Shouldn’t this be “was”?	Comment by Spicer, Kevin B (CHFS DPH DEHP): See above.
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Review.docx
 
Thanks,

Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Alexander, Kelly N (CHFS DPH)
To: Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS

DPH); Spicer, Kevin B (CHFS DPH DEHP); Stack, Steven J (CHFS DPH)
Subject: Re: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
Date: Friday, July 30, 2021 8:49:40 PM
Attachments: image001.png

Thank you. 

Kelly N. Alexander, J.D., M.A.
Chief of Staff
Kentucky Department for Public Health

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Friday, July 30, 2021 7:53 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B
(CHFS DPH DEHP); Alexander, Kelly N (CHFS DPH); Stack, Steven J (CHFS DPH)
Subject: Fwd: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance
Review
 
Alyson,
Yes, Susan Dunlap and Kelly Alexander should be included for communications.

Congrats on another great paper. This is really important work and I am so grateful for your
effort in pulling this together.

I cc-ed Kelly and Dr. Stack here.

Get Outlook for iOS

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 30, 2021 7:26 PM
To: Winter, Kathleen T (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B
(CHFS DPH DEHP)
Subject: FW: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance
Review
 
 
Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
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CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 
 
 

From: Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov> 
Sent: Friday, July 30, 2021 6:57 PM
To: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov>; Hardie, Ann (CDC/DDID/NCIRD/OD)
<qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC) <gnf0@cdc.gov>; CDC IMS JIC Media -2
<eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hey Shelton—
 
The autosave feature did not work for me. Please find JIC Content’s changes attached.
 
-Myron D.
 

From: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov> 
Sent: Friday, July 30, 2021 5:04 PM
To: Hardie, Ann (CDC/DDID/NCIRD/OD) <qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC)
<gnf0@cdc.gov>; Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov>; CDC IMS JIC Media
-2 <eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
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<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hi all,
 
Linked below is the comms package for the MMWR Reduced Risk of Reinfection with SARS-CoV-2
After COVID-19 Vaccination — Kentucky, May–June 2021
 
Will you please provide any edits/comments by COB Monday, August 2?
 
A copy of the report is attached for reference.
 

 COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance
Review.docx
 
Thanks,

Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 9:13:51 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_ks2.docx

Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957][bookmark: _GoBack]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315

IR#0588 - KT DPH - Production_000239

mailto:kevin.spicer@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:Alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:alyson.cavanaugh@ky.gov
mailto:kevin.spicer@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov


Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High

IR#0588 - KT DPH - Production_000240

, ...................................................................................................................................................... .. . . . . . . . . . . . . . -------------------- . . . . . . . . . , ...................................................................................................................................................... .. 

mailto:alyson.cavanaugh@ky.gov
mailto:kevin.spicer@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:ServiceCorrespondence@ky.gov
mailto:Alyson.cavanaugh@ky.gov
mailto:nwx1@cdc.gov
mailto:alyson.cavanaugh@ky.gov


 
**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT

Service Desk ServiceCorrespondence@ky.gov for any assistance.
 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
 

IR#0588 - KT DPH - Production_000241

, ...................................................................................................................................................... , . . . . . . . . . . . . 
. -------------------- . . . . . . . . . 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,1 

mailto:ServiceCorrespondence@ky.gov
mailto:gdamon@cdc.gov


From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 9:02:54 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_ks.docx

Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

IR#0588 - KT DPH - Production_000242

mailto:kevin.spicer@ky.gov
mailto:alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kathleen.winter@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:Alyson.cavanaugh@ky.gov

[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can we substitute “compared to” for “than”?

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Shouldn’t the verbs in this sentence align?  So “was” and “was” or “is” and “is” instead of  “was” and then “is”

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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6.	Wang P, Nair MS, Liu L, et al. Increased resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7 to antibody neutralization. bioRxiv [Preprint posted online February 4, 2021]. https://www.biorxiv.org/content/10.1101/2021.01.25.428137v2

7.	Saadat S, Rikhtegaran Tehrani Z, Logue J, et al. Binding and neutralization antibody titers after a single vaccine dose in health care workers previously infected with SARS-CoV-2. JAMA 2021;325:1467–9. PMID:33646292 https://doi.org/10.1001/jama.2021.3341

8.	Manisty C, Otter AD, Treibel TA, et al. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021;397:1057–8. PMID:33640038 https://doi.org/10.1016/S0140-6736(21)00501-8

9.	Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and infectiousness: a systematic review and meta-analysis. Lancet Microbe 2021;2:e13–22. PMID:33521734 https://doi.org/10.1016/S2666-5247(20)30172-5

* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

§ May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
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Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
 

IR#0588 - KT DPH - Production_000248

, ...................................................................................................................................................... , . . 

, ......................................................................................................................................................• 

mailto:nwx1@cdc.gov
mailto:alyson.cavanaugh@ky.gov
mailto:ServiceCorrespondence@ky.gov
mailto:gdamon@cdc.gov


From: Glick, Connor (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 11:05:16 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_CG.docx

Only a minor suggestion or two. Thanks!
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:55 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Sorry, but another comment to the comment.  I believe there will be issues with first talking about a
finding (with no details) in the Discussion.  I would hate to leave it out entirely, because I believe it
does add support to the main finding and has additional support in the literature.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:14 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using Cconditional logistic regression,  ORs and CIs werewas used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Glick, Connor (CHFS DPH DEHP): ≤? Not entirely sure, though	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion. “increased”, maybe?

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.
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Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Glick, Connor (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Friday, August 6, 2021 5:52:20 AM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_CG2.docx

I have to submit before 7.  I am going to look at everything one or two more times but I believe this
will be the version used.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov> 
Sent: Thursday, August 5, 2021 11:05 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Only a minor suggestion or two. Thanks!
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:55 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using Cconditional logistic regression,  ORs and CIs werewas used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Hesitant to change this because it was worded this way by review during clearance process. 

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Glick, Connor (CHFS DPH DEHP): ≤? Not entirely sure, though	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): >= is correct	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion. “increased”, maybe?

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding odds of reinfection among the partially vaccinated were lower than the unvaccinated group , which is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think this is in the results.  I can explicitly write here “The odds of reinfection among the partially vaccinated were lower than the unvaccinated group (OR=1.56 vs. OR=2.34)” but the last reviewer found placing two OR for comparisons was confusing to readers.  

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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§ May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



 
Sorry, but another comment to the comment.  I believe there will be issues with first talking about a
finding (with no details) in the Discussion.  I would hate to leave it out entirely, because I believe it
does add support to the main finding and has additional support in the literature.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:14 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
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Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
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Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 7:48:08 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC.docx

I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
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Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Alexander, Kelly N (CHFS DPH)
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 7:33:38 PM

Thank you
 
Kelly N. Alexander, J.D., M.A.
Chief of Staff
Kentucky Department for Public Health
Cabinet for Health and Family Services
275 East Main Street
Frankfort, KY  40621
Phone:  502-564-3970
Email:  Kelly.Alexander@ky.gov
 

 
CONFIDENTIALITY NOTICE:  This e-mail message, including any attachment, is the sole use of the
intended recipient(s) and may contain confidential information.  Any unauthorized review, use,
disclosure or distribution is strictly prohibited.  If you are not the intended recipient, please contact
the sender, by e-mail, and destroy all copies of this message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Thursday, August 5, 2021 5:42 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
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Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP); Alexander, Kelly N (CHFS DPH); Cavanaugh, Alyson (CHFS DPH DEHP);

Thoroughman, Douglas (CHFS DPH)
Subject: RE: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 8:13:05 PM
Attachments: MMWR Reinfection Rollout for 8_6_21_kw_ks.docx

Hi Alyson,
 
Some additional edits/comments for consideration.
 
Thanks.
 
Kevin
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Thursday, August 5, 2021 5:50 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>;
Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
With my edits.  Adding Kelly.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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[bookmark: _Hlk42201994]COVID-19 rollout plan

[bookmark: _Hlk42202213]Overview

· Planned Release date: Friday, August 6

· Document title: Reinfection MMWR/ 3 MMWRs on Vaccine Effectiveness

· Link to new landing page on MMWR for Vaccine Effectiveness 

· Audience

· Primary: Unvaccinated

· Secondary: Vaccinated

· Media Spokesperson(s):  Alyson Cavanaugh (CDC EISO)	Comment by Winter, Kathleen T (CHFS DPH DEHP): Add Susan Dunlap for KDPH?



Bottom line up front (BLUF)

What’s the main point of the release? Why is it important? For updates- what changed? What do you want the headline to read? 2-3 sentences max.

Vaccines are a critical tool to protect people and turn the corner on the COVID-19 pandemic. Today, CDC is releasing additional reports that show 

· Among people who had previous COVID-19 infection, vaccination after their illness provides better protection from reinfection than natural immunity alone.

· Vaccination prevents severe illness, hospitalization, death and provides protection against Delta variant.

· Vaccination protects people who are at higher-risk, particularly nursing home residents.

Tick Tock 

		Date /Time

(e.g. Day before rollout, day of rollout, etc.)



		Activity /Product

		POC(s)



		Friday morning-

· targeted media outreach

· Dr. Walensky interview with Sinclair (192 locations in 60 outlets) 



		Media



		



		When embargo Lifts 1pm Friday

		Proactive Media Statement

		Scott Pauley



		Friday after 1pm  

		Social Media



		Kat Turner Hoffman







Tough Q&A

· Are we seeing this same outcome on a national level?  

At this time, CDC does not have national level data on vaccine effectiveness compared to natural immunity. However, CDC continues to work with state and local partners and support studies that evaluate the effectiveness of vaccines. Data will be released as it becomes available. 

· Do people who get reinfected after vaccination have less illness/hospitalization/death? 

We don’t know, yet. CDC is actively working to learn more about reinfection to inform public health action. 

However, we do have data that indicated that those who became infected after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. For example, a recent study showed fully or partially vaccinated people who developed COVID-19 spent on average six fewer total days sick and two fewer days sick in bed.

· How long does natural immunity last versus vaccine induced immunity?

Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. We don’t know how long protection lasts for those who are vaccinated. However, the study showed that the vaccine did provide more than twice the protection of natural immunity within the study period. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): I don’t believe this is an accurate representation of the findings.  The study showed that those who were not vaccinated were more than twice as likely to be reinfected within the study period.

Experts are working to learn more about both natural immunity and vaccine-induced immunity. CDC will keep the public informed as new evidence becomes available. 

Proactive Media Statement or Press Release

Media team will draft from BLUF and key points, if needed. Work with JIC Media to draft, if necessary (eocjicmedia2@cdc.gov)

New CDC Study: Vaccination Offers Higher Protection than Previous COVID-19 Infection



In today’s MMWR, a study of COVID-19 reinfections in Kentucky shows that unvaccinated people are more than twice as likely to be reinfected with COVID-19 than those who were fully vaccinated after their an initial caseinfection. This These data further proves indicate that COVID-19 vaccines are better than natural immunity alone and that vaccines can help prevent reinfections.  Half of the U.S. population remains susceptible to COVID-19, including those who have been infected before.  	Comment by Spicer, Kevin B (CHFS DPH DEHP): “Further” than what.  And doesn’t “prove.”	Comment by Spicer, Kevin B (CHFS DPH DEHP): Don’t like this, but not sure how to better phrase it.

Combined with COVIDNet data published  form earlier this year, which measured vaccine effectiveness and showed that all COVID-19 vaccines prevented COVID-19 related hospitalizations among the highest risk age groups, this is further support that the current vaccines are highly effective and safe even. As cases, hospitalizations, and deaths rise, the data in today’s MMWR reinforce that vaccination is the best step to prevent COVID-19. 

COVID-19 vaccines are safe and effective at preventing severe illness, hospitalization, and death. Additionally, those who get COVID-19 after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against COVID-19. 



Social Media 

Graphic: 

[image: ]

Facebook/Instagram/LinkedIn

A new study found that among people who had previous COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully vaccinated after having COVID-19.

The Delta variant is causing increases in cases and hospitalizations around the country. Even if you have already had COVID-19, you should get a vaccine to protect yourself, your families, and your community. Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 

Twitter

A new study found that among people who had previous #COVID-19 infection, those who werethe unvaccinated were more than twice as likely to get COVID-19 again than those who were fully #vaccinated after having COVID-19.

[bookmark: _Hlk35330625]Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 
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From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP); Alexander, Kelly N (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Thoroughman, Douglas (CHFS DPH)
Subject: RE: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 5:54:15 PM

Thank you so much – and I will need to clarify about spokesperson.
 
I am uninvolved with the other MMWRs in this rollout and shouldn’t be listed as spokesperson for
them.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Thursday, August 5, 2021 5:50 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>;
Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
With my edits.  Adding Kelly.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
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Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
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Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP); Alexander, Kelly N (CHFS DPH);

Thoroughman, Douglas (CHFS DPH)
Subject: Re: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 8:54:20 PM

Thank you

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626

NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only
for the use of the individual or entity to which it is addressed and may contain confidential
information that is legally privileged and exempt from disclosure under applicable law. If the
reader of this message is not the intended recipient, you are notified that any review, use,
disclosure, distribution or copying of this communication is strictly prohibited. If you have
received this communication in error, please contact the sender by reply e-mail and destroy all
copies of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Sent: Thursday, August 5, 2021 8:13:03 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Alexander, Kelly N (CHFS DPH)
<kelly.alexander@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>;
Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>
Subject: RE: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi Alyson,
 
Some additional edits/comments for consideration.
 
Thanks.
 
Kevin
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Thursday, August 5, 2021 5:50 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>;
Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>
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Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
With my edits.  Adding Kelly.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 
 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
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Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Alexander, Kelly N (CHFS DPH)
To: Cavanaugh, Alyson (CHFS DPH DEHP)
Cc: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP)
Subject: RE: Questions, Concerns & Observations about CDC "study" used by “Safer” Federal Task Force "justify" "vaccination" mandates of federal employees who have COVID-19 antibodies from previous infection - end Pandemic & COVID-19 mandates & restrictions
Date: Saturday, October 16, 2021 6:06:16 PM

Thank you
 
Kelly N. Alexander, J.D., M.A.
Chief of Staff
Kentucky Department for Public Health
Cabinet for Health and Family Services
275 East Main Street
Frankfort, KY  40621
Phone:  502-564-3970
Email:  Kelly.Alexander@ky.gov
 

 
CONFIDENTIALITY NOTICE:  This e-mail message, including any attachment, is the sole use of the intended recipient(s) and may contain confidential information.  Any unauthorized review, use, disclosure or distribution is strictly prohibited.  If you are not the intended recipient, please contact the
sender, by e-mail, and destroy all copies of this message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, October 15, 2021 9:55 AM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>
Cc: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: Questions, Concerns & Observations about CDC "study" used by “Safer” Federal Task Force "justify" "vaccination" mandates of federal employees who have COVID-19 antibodies from previous infection - end Pandemic & COVID-19 mandates & restrictions
Importance: High
 
Kelly,
 
I am just sharing the below e-mail for your awareness.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Paula Reitan <paula.reitan@outlook.com> 
Sent: Thursday, October 14, 2021 9:54 PM
To: qds1@cdc.gov; lzn6@cdc.gov; saferfederalworkforce@gsa.gov; lzn6@cdc.gov; afauci@niaid.nih.gov
Cc: nationalpresident@nteu.org; Pollard Calvin L [NTEU NON-IRS] [Contractor] <Calvin.L.Pollard@irs.gov>
Subject: Questions, Concerns & Observations about CDC "study" used by “Safer” Federal Task Force "justify" "vaccination" mandates of federal employees who have COVID-19 antibodies from previous infection - end Pandemic & COVID-19 mandates & restrictions
Importance: High
 
Greetings Alyson, Erin, Anthony and “Safer” Federal Task Force Members,
In recent NTEU Townhall: Interview with Dr. Erin Tromble - YouTube (comments have been turned off – yesterday most the few comments were negative) , Dr. Erin Tromble (EM/pediatrician) (lzn6@cdc.gov ) referenced the following recent CDC study to “justify” MANDATORY vaccination of
federal employees who have natural immunity to COVID-19 as a result of natural antibodies from a previous infection. 

Cavanaugh AM, Spicer KB, Thoroughman D, Glick C, Winter K. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021. MMWR Morb Mortal Wkly Rep 2021;70:1081-1083.
DOI: http://dx.doi.org/10.15585/mmwr.mm7032e1

 

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

Vaccination status

No. (%)

OR (95% CI)†

 

Case-patients Control participants  

Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)  

Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)  

Fully vaccinated§ 50 (20.3) 169 (34.3) Ref  

Total 246 (100) 492 (100) —  

Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.
*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive
NAAT or antigen test results during May 1–June 30, 2021.
† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same
criteria were applied, using the matched case-patient’s reinfection date.
¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.

 
I reviewed the article and have the following questions, concerns & observations:

1. Has this article been peer reviewed?
2. Has this article been published in a journal outside of the CDC?
3. Could you please briefly describe the NAAT and antigen test? 
4. What is the reliability of the NAAT and antigen tests?  What is the false positive and false negative rates for the NAAT and antigen tests?  Were the same thresholds and test conditions uses for all test samples?
5. If they there is a substantial disparity between the reliabilty of the NAAT and antigen tests, why did you publish a study with results which contain disparate accuracy rates?
6. Could someone with natural antibodies from a previous infection in March to December 2020 test postive (due to the naturally acquired antibodies) using the NAAT or antigen test without actually being reinfected? 
7. Were the unvaccinated tested for antibodies after their inintial infection?  How certain are you that the unvaccinated had true initial COVID-19 infection and built natural antibodies?
8. Serious issues with study & results – please comment/explain/justify. 

a. All cases from Kentucky – should not necessarily be used to make policy for an entire nation.  KY has one of the lower fully “vaccination” rates.  Wonder how different the results from a similar study would be in a state with a higer vaccination rate.
b. Short time frame for reinfection is 2 months. 
c. Small sample size 682.  Fully vaccinated sample size 219 is substantially smaller than unvaccinated sample size 463.  According to CDC COVID Data Tracker - thousands of COVID-19 cases were reported daily in KY in 2020 – why were so few selected for the study?  Did you cherry pick

the samples selected for this study to achieve your narrative?  I assert a different samples of data could will likely show substantially different results!  While the number of cases reported by CDC increased dramatically in July, August and early September, there has been a steep
decline since late September.  Also, note the inversion in the number of cases by age – early in the pandemic there there were susbstantially more cases amoung the 75+ age, but in the recent surge there were more younger people reported with COVID-19.  This could be simply
because there was more testing among the younger people as they went back to school in person – speculation.  Note the there were still substantially more deaths amoung the 75+ age, but that the numbes of deaths in the recent surge were substantially less than the 2020
pandemic.  I assert the pandemic is over – we have achieved herd immunity through “vaccinations” and natural immunity.  For much of the population, risk of COVID-19 is extremely low – and some doctors assert the risk of “vaccination” exceeds the benefits of “vaccination” for
this population. COVID-19 cannot be erradicated.  We need to follow the lead of other countries like Denmark, the Netherlands and Sweden and states like Texas, Florida, Arizona and South Dakota.  We need to learn to live with COVID-19, end the pandemic/emergency, revoke all
COVID-19 mandates and restrictions, return to common-sense and recommendations (not draconian, abitrary and capricous mandates) and allow legal US citizens (including hardworking federal employees) the same rights afforded to illegal immigrants to make their own decisions
with regard to COVID-19 “vaccines” and as we have with flu shots for decades. 

Note the graphs for cases and deaths for KY look fairly similar to the rest of the county.
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d. No distiction made in how much time had elapsed from infection to re-infection and “vaccination” – could have been any where from between 15 months to 6 months.   Given effectiveness of vaccination (and possibly natural immunity) is known to wane over time, if the 219

vaccinated cases were primarily selected from latter part of 2020 and the 463 unvaccinated cases were primarily selected from early part of 2020, then the results would be heavily skewed in toward “vaccinated” reinfection.
e. Other ways to view your data – the disparity between the “unvaccinated” and “vaccinated” is due to the large dispartity if sample sizes between “vaccinated” and “unvaccinated”.  Randomly selecting a unvaccinated sample size closer the same size as the vaccinated (219) could

change statistics substantially.
                                                               i.      Unvacinated % reinfected: 179/(179+284)= 38.66%
                                                             ii.      Vacinated % reinfected: 50/(50+169) = 22.83%
                                                           iii.      Total % unvaccinated reinfected: 179/(179+284+50+169)= 26.25%
                                                           iv.      Total % vaccinated reinfected: 50/(179+284+50+169) = 7.33%
                                                             v.      Total % unvacinated: (179+284)/(179+284+50+169) = 67.89%
                                                           vi.      Total % vaccinated: (50+169) /(179+284+50+169) = 32.11%

I have a strong background in data science – this study seems highly flawed, deceptive and inaccuate to me. 
 
Furthermore, why were reference such as the following regarding natural immunity ignored/disregarded by CDC and in “Safer” Work Force Task Forces’s decision as to demand employees with natural immunity to get a COVID-19 “vaccine”?  In my opinion, this policy yields waste, fraud and
abuse.  The COVID-19 “vaccines” are not free and taxpayer funds are being wasted on citizens who have antibodies and/or strong/robust immune systems who have chosen not to get the “vaccine”, but have been bullied (or currently are being bullied) into getting  COVID-19 “vaccine” (many
college students, professional athletes, health care professionals, airline employees, federal employees, armed forces personnel) in order to maintain their career or attend a university.

Senator Paul Asserts Natural Immunity Is As Good As COVID-19 Vaccine | C-SPAN.org
Courier Journal Op-Ed: Rand Paul: "The science proves people with natural immunity should skip COVID vaccines" | Senator Rand Paul (senate.gov)
Rand Paul accuses Dr. Fauci of lying about natural immunity because it foils his vaccination plans | Fox Business
People who have already had COVID-19 could be less likely to catch Delta than the vaccinated | Gavi, the Vaccine Alliance
Project Veritas captures Pfizer scientists giving thumbs up to COVID-19 natural immunity - Washington Times
Pfizer scientists say their vaccine provides a weaker defence against Covid as compared to natural antibodies: Project Veritas (opindia.com)
Natural Immunity and the Covid Vaccines - WSJ

 
A timely response would be greatly appreciated.  As you know, per Vaccinations | Safer Federal Workforce agencies have been authorized to initiate enforcement/disciplinary actions against some federal employees who do not “comply” with COVID-19 “vaccine” mandates for some federal
employees (judicial branch, USPS, legislative branch excluded) on November 9, 2021.  Also, please reply to my request sent yesterday regarding the composition/qualificatiosn of the Safer Federal Workforce Task Force (see attached).
 
Foley v. Biden (4:21-cv-01098), Texas Northern District Court (pacermonitor.com) 
COSTIN et al v. BIDEN et al 1:2021cv02484 | US District Court for the District of Columbia | Justia
Brnovich v. Biden et al 2:2021cv01568 | US District Court for the District of Arizona | Justia
Out-of-touch Biden threatens private sector companies as polls nosedive | TheHill
 
Axios-Ipsos poll: Biden is losing trust on COVID - Axios
Poll: Americans Are More Pessimistic About Life Returning to Normal; Losing Trust in Biden | National News | US News
 
Paula
I am a Federal employee with more than 30 years of federal government and military service.  I have worked from home for the past decade at least 4 days a week. The projects I have been assigned to at the IRS have members disbursed across the United States and I teleconference when at the
office the same as I teleconfernce the days I work from my home office.  Team member who work from the same location are not collocated in the buidling, nor are in-office days coordinated.  Most IT specialist telework 3-4 days a week and share a cube with others who are in the office on
opposite days, thus saving the agency real estate expenses.  Since the COVID-19 evacuation, I have worked from home 5 days a week with the exception of 4 days I went into office to get a finger printed for new id card,  pick up new id card, laptop memory upgrade and laptop replacement.  To
the best of my recollection, I have never once met with anyone from the public in my work capacity in the nearly 11 years I have worked as an IT specialist at the IRS.  The “safer” federal workforces demand I be vaccinated or be terminated is completely illogical.
 
Paula J. Reitan
e Paula.Reitan@outlook.com
t 301.464.4212
c 240.675.7321
1709 Mayfair Place
Crofton, MD 21114-2624
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From: Alexander, Kelly N (CHFS DPH)
To: Cavanaugh, Alyson (CHFS DPH DEHP)
Cc: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021 |

MMWR
Date: Sunday, August 8, 2021 8:11:21 PM

Thank you
 
Kelly N. Alexander, J.D., M.A.
Chief of Staff
Kentucky Department for Public Health
Cabinet for Health and Family Services
275 East Main Street
Frankfort, KY  40621
Phone:  502-564-3970
Email:  Kelly.Alexander@ky.gov
 

 
CONFIDENTIALITY NOTICE:  This e-mail message, including any attachment, is the sole use of the
intended recipient(s) and may contain confidential information.  Any unauthorized review, use,
disclosure or distribution is strictly prohibited.  If you are not the intended recipient, please contact
the sender, by e-mail, and destroy all copies of this message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, August 8, 2021 6:15 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>
Cc: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: Fwd: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky,
May–June 2021 | MMWR
 
Kelly,
 
As an FYI - there was a media request for radio interview with Dr. Marc Siegel for Monday
morning. 
 
I will connect with Melissa at CDC because I am not available at proposed time. 
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
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Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only
for the use of the individual or entity to which it is addressed and may contain confidential
information that is legally privileged and exempt from disclosure under applicable law. If the
reader of this message is not the intended recipient, you are notified that any review, use,
disclosure, distribution or copying of this communication is strictly prohibited. If you have
received this communication in error, please contact the sender by reply e-mail and destroy all
copies of the original message.

From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Sent: Sunday, August 8, 2021 5:40 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP)
Subject: Fwd: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination —
Kentucky, May–June 2021 | MMWR
 
What's your schedule like in the morning? Up for doing this around 10:30? We could have
another brief prep call at 10 if you like to talk through some tips for radio interviews. Just let
me know if other times would work better. Thanks!!
 
Sent from my Verizon, Samsung Galaxy smartphone
Get Outlook for Android

From: Siegel, Marc <Marc.Siegel@nyulangone.org>
Sent: Saturday, August 7, 2021 7:03:31 AM
To: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Cc: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov>
Subject: Re: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky,
May–June 2021 | MMWR
 
Sure. I am looking to discuss on the radio
Available to discuss today or Monday

 

Sent from my iPhone

On Aug 7, 2021, at 12:08 AM, Brower, Melissa (CDC/DDPHSS/CSELS/OD)
<ggk5@cdc.gov> wrote:



[EXTERNAL]
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Happy to help.  Dr. Siegel, what’s your availability for a call on Monday?
 
Best,
 
Melissa
 
Melissa Brower, MMC
Public Affairs Specialist
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
Office: 404-639-4718
Cell: 404-903-0241
mbrower@cdc.gov
 
 

From: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov> 
Sent: Friday, August 6, 2021 9:22 PM
To: Siegel, Marc <Marc.Siegel@nyulangone.org>; Brower, Melissa
(CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov>
Subject: Re: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination
— Kentucky, May–June 2021 | MMWR
 
Including Melissa here who can put you in touch with the author. Thanks
Tom Skinner
Senior Public Affairs Officer, CDC

 

From: Siegel, Marc <Marc.Siegel@nyulangone.org>
Sent: Friday, August 6, 2021 9:15:09 PM
To: Skinner, Thomas W. (CDC/DDID/NCEZID/OD) <tws3@cdc.gov>
Subject: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination —
Kentucky, May–June 2021 | MMWR
 
Very important study. 
Would love to discuss with Dr Brooks
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm

Sent from my iPhone

------------------------------------------------------------
This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain information that is proprietary, confidential, and exempt
from disclosure under applicable law. Any unauthorized review, use, disclosure, or
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distribution is prohibited. If you have received this email in error please notify the
sender by return email and delete the original message. Please note, the recipient
should check this email and any attachments for the presence of viruses. The
organization accepts no liability for any damage caused by any virus transmitted by this
email.
=================================
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From: Glick, Connor (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH

DEHP); Spicer, Kevin B (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 12:20:44 AM
Attachments: Reinfection - vaccination status FIRST PROOF_CG.docx

Great work. Thank you, Alyson!
 
I just had one comment on the interpretation of the estimates, and I know I have brought this up
before, but I could not find any previous feedback or comments that addressed this specifically so I
figure I would bring this up again.
 
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so (from what I understand) it would only be correct to say “2.34 times the odds”.
 
If I missed something, though – please point me in the right direction!
 
Best,
CG
 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 12:17 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.
 
I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  
 
Doug
 
Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Glick, Connor (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Spicer, Kevin B (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 7:12:34 AM
Attachments: Reinfection - vaccination status FIRST PROOF_8.5.21_clean.docx

Reinfection - vaccination status FIRST PROOF_8.5.21.docx

THANK YOU ALL!
 
I think I used most suggestions except:

·       I kept title the same for now – I think it is simple and we do discuss lower odds of reinfection
in vaccinated.  I can change if there are strong opinions on this.

·       I used “odds” in abstract paragraph, results, and summary box.  However, in discussion I
continue to use terms like “twice as likely.”  Reinfections are rare outcome in epi terms (If
using the standard 10% cut-off).  Therefore the OR should be a good estimate of RR.  For
public health messaging purposes, “odds” is a term that is hard for general public (outside
gamblers) to understand.

Hopefully these changes meet everyone’s input.  We will get reviewer feedback by 9 am and I need
to resubmit by noon so they can create final proof.
 
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov> 
Sent: Thursday, August 5, 2021 12:21 AM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS
DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.   This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective response when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a two-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared to those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, all Kentucky residents aged 16 and older became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

[bookmark: _GoBack]To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  


[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, aAll eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases weare imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification testNAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and name, last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood odds of reinfection,  reinfectionand conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response when compared to no vaccine  and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- monthtwo-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		[bookmark: _GoBack]21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



<alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great work. Thank you, Alyson!
 
I just had one comment on the interpretation of the estimates, and I know I have brought this up
before, but I could not find any previous feedback or comments that addressed this specifically so I
figure I would bring this up again.
 
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so (from what I understand) it would only be correct to say “2.34 times the odds”.
 
If I missed something, though – please point me in the right direction!
 
Best,
CG
 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 12:17 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.
 
I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  
 
Doug
 
Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

·       Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 

·       I added some group acknowledgements – I am not sure if they are worded correctly.
 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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From: Thoroughman, Douglas (CHFS DPH)
To: Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 12:17:12 AM
Attachments: Reinfection - vaccination status FIRST PROOF_AC_KW_DAT.docx

Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.

I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  

Doug

Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Thoroughman, Douglas  (CHFS DPH): This seems kind of strange (my first time looking up the reference), because it seems like we are saying that it is frequently questioned because it is listed on a CDC list of frequently-asked questions.  I know that isn’t the case, but more a way to show people where to find these, but it does come across like we are using ourselves as a reference for our own statement.  If this is something that CDC added, then we go with it, but if not, I would think about removing.	Comment by Winter, Kathleen T (CHFS DPH DEHP): I don’t feel that this needs to change, but we could make this more precise.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Thoroughman, Douglas  (CHFS DPH): I would use past tense since the remainder of the paragraph does, for consistency.	Comment by Winter, Kathleen T (CHFS DPH DEHP): This sentence is awkward and feels unnecessary.  All cases are considered “previously infected”, correct?
Consider this: “The REDCap database was used to identify eligible case-patients and controls, excluding COVID-19 cases resulting in death before May 1, 2021”	Comment by Winter, Kathleen T (CHFS DPH DEHP): Do you want to use NAAT and define in the first sentence of this paragraph?	Comment by Thoroughman, Douglas  (CHFS DPH): I agree if that follows MMWR constraints.

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and name, last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**	Comment by Thoroughman, Douglas  (CHFS DPH): I think you can get away without adding “a” here because the “a” before “single dose” would apply to “second dose.”  But no biggie either way.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).	Comment by Thoroughman, Douglas  (CHFS DPH): I think changing the order here makes it more clear and lines the first part of the sentence up with the second.  But please don’t change if anyone feels this confuses things.

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protective association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.	Comment by Thoroughman, Douglas  (CHFS DPH): I feel like the original wording would be clearer and more succinct if “odds” was just changed to “likelihood.” “. . . full vaccination was associated with reduced likelihood of reinfection and conversely. . .	Comment by Thoroughman, Douglas  (CHFS DPH): Against?  

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.	Comment by Thoroughman, Douglas  (CHFS DPH): I think the way you worded it is good.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- monthtwo-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.	Comment by Thoroughman, Douglas  (CHFS DPH): I think that’s fine. . .

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice  as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, all Kentucky residents aged 16 and older became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected compared to those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Spicer, Kevin B (CHFS DPH DEHP): I would either delete this phrase or place it at the beginning of the sentence.  Probably an isolated opinion.

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Spicer, Kevin B (CHFS DPH DEHP): I think the tense is okay here, and would leave it “are”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).	Comment by Spicer, Kevin B (CHFS DPH DEHP): To me it still seems like an argument for benefit of an action (vaccination) is stronger than the argument of a detriment resulting from inaction (not getting vaccinated).  Therefore, comparing vaccination against a referent of no vaccination is more appealing.  Again, maybe it’s only me.

[bookmark: _GoBack]Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of was associated with decreased likelihood of reinfection and conversely, being unvaccinated was associated with higher likelihood of reinfection.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Although not statistically significant, the OR (1.56) is consistent with findings from previous studies indicating higher antibody titers after the first mRNA vaccine dose in persons who were previously infected…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Thanks for the explanation.  Still, it seems silly to have to mention this in an MMWR report.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.
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		36 (14.6)

		78 (15.9)
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		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection

– May through June, 2021 - Kentucky
Date: Friday, July 30, 2021 5:55:35 PM
Attachments: Cavanaugh_07.29_clean_SSU1_ks.docx

Hi Alyson,
 
I took a (quick) look and think you have done a very nice job.  I did make a couple of edits/comments
for your consideration.  No issues with the tables or figure.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 5:13 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Both CHEO and scientific unit cleared the report with minor comments.  I will address (haven’t
gotten to it yet today L) and plan to submit tomorrow.
 
If there are ANY additional comments from KDPH team, please address now.  It does look like they
are trying to reach the August 6 publication date. 
 
We can always make some minor edit changes through the rest of the process.  However, anything
bigger, please comment at this point. This still has JIC clearance and MMWR submission, but it
seems this is moving quickly at this point.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am unclear as to what specifics of methods is being requested.  There are a variety of specific specimens (e.g., anterior nares swab, mid-turbinate nasal swab, nasopharyngeal swab, oropharyngeal swab) and platforms that were utilized and over which we had no control.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Spicer, Kevin B (CHFS DPH DEHP): This should be a dagger (†) I believe.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Seemed okay when I opened it up.  Maybe she is looking for arrows from and to exact center of box edge or something else?

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?	Comment by Spicer, Kevin B (CHFS DPH DEHP): Yes, “of”

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can this be changed to “as”?

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.
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Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
The SSU pre-clearance team has reviewed your manuscript and we have some required comments
that we request be addressed (see attached; comments on the Supplementary Figure provided in
the body of the manuscript). Contingent on the authors adequately addressing these comments
from SSU and any comments you may have received from CHEO, you can proceed to submit it to the
JIC for clearance.
 
We do not need to review the revised manuscript that addresses our comments. Please let me know
if you have questions.
 
Best wishes,
 
Barbara Ellis, PhD, MS (on behalf of the SSU pre-clearance team)
Cell: 404-216-8294
 
 

From: CDC IMS 2019 NCOV Response Strategic Scientific Unit <eocevent538@cdc.gov> 
Sent: Thursday, July 29, 2021 9:55 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Ellis, Barbara (CDC/DDPHSS/OS/OD)
(CTR) <bae7@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 

IR#0588 - KT DPH - Production_000288

mailto:bae7@cdc.gov
mailto:alyson.cavanaugh@ky.gov
mailto:eocevent172@cdc.gov
mailto:eocevent210@cdc.gov
mailto:eocevent538@cdc.gov
mailto:eocevent538@cdc.gov
mailto:alyson.cavanaugh@ky.gov
mailto:eocevent172@cdc.gov
mailto:eocevent210@cdc.gov
mailto:bae7@cdc.gov


Hello Alyson, 

 

Thank you for your submission. Our reviewers have received your request and will provide
feedback within 24 hours. Please let us know if you have any questions in the interim.   

 

If there is any correspondence between the author and reviewer, please copy the Strategic
Science Unit mailbox (eocevent538@cdc.gov) for tracking purposes.   

 

Thank you,

CDC IMS 2019 NCOV Response Strategic Scientific Unit
Email: eocevent538@cdc.gov 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
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Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
Please see clean copies of the manuscript, 3 tables, and 1 figure for MMWR 1464 – Vaccination
associated with reduced risk of reinfection -  May-June, 2021 Kentucky.
 
Please let me know if anything further is needed at this time.
 
Thank you,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 5:09:12 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC.docx

 
·       Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
·       I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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 Media Statement 


 


EMBARGOED FOR 1PM ET 
Friday, August 6, 2021 
  


Contact: CDC Media Relations 
(404) 639-3286 


  


New CDC Study: Vaccination Offers Higher Protection than Previous 


COVID-19 Infection 


 


In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were 


previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as 


likely to be reinfected with COVID-19 than those who were fully vaccinated after initially 


contracting the virus. These data further indicate that COVID-19 vaccines offer better protection 


than natural immunity alone and that vaccines, even after prior infection, help prevent 


reinfections.   


 


“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle 


Walensky. “This study shows you are twice as likely to get infected again if you are 


unvaccinated. Getting the vaccine is the best way to protect yourself and others around you, 


especially as the more contagious Delta variant spreads around the country.” 


 


The study of hundreds of Kentucky residents with previous infections through June 2021 found 


that those who were unvaccinated had 2.34 times the odds of reinfection compared with those 


who were fully vaccinated.  The findings suggest that among people who have had COVID-19 


previously, getting fully vaccinated provides additional protection against reinfection.  


 


Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related 


hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, 


the data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent 


COVID-19.  


 


COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and 


death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially 


vaccinated vaccines make people more likely to have a milder and shorter illness compared to 


those who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated 


against COVID-19. 
 
 
 


### 
  


U.S. Department of Health and Human Services 



http://www.hhs.gov/





  


CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at 


home or abroad, are curable or preventable, chronic or acute, or from human activity or 


deliberate attack, CDC responds to America’s most pressing health threats. CDC is 


headquartered in Atlanta and has experts located throughout the United States and the world. 
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Morbidity and Mortality Weekly Report


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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April Burdorf, MPH1; Janell Nichols1; Kim Goode1; Alana Cilwick, MPH1; Chelsea Stacy, MPH2; Erin Staples, MD, PhD3; Ginger Stringer, PhD1


On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
Descents. No other potential conflicts of interest were disclosed.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.



https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov> 
Sent: Friday, August 6, 2021 12:20 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

This went out to CDC’s media list while we were talking to Mike.  Just FYI 
 

From: Media@cdc.gov (CDC) <sohco@cdc.gov> 
Sent: Friday, August 6, 2021 11:49 AM
To: Media@cdc.gov (CDC) <sohco@cdc.gov>
Subject: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

The MMWR is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 
August 6, 2021
 
Please see the attached E-books for:
 
“Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
“Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
“Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w

Thank you,

CDC News Media Branch
404-639-3286
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The Media Statement is Embargoed until Friday, August 6, 2021 at 1PM ET
 

 Media Statement
EMBARGOED FOR 1PM ET
Friday, August 6, 2021
 
Contact: CDC Media Relations
(404) 639-3286

 

New CDC Study: Vaccination Offers Higher Protection than Previous
COVID-19 Infection

In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were
previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as
likely to be reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better protection
than natural immunity alone and that vaccines, even after prior infection, help prevent reinfections. 
 
“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle
Walensky. “This study shows you are twice as likely to get infected again if you are unvaccinated.
Getting the vaccine is the best way to protect yourself and others around you, especially as the more
contagious Delta variant spreads around the country.”
 
The study of hundreds of Kentucky residents with previous infections through June 2021 found that
those who were unvaccinated had 2.34 times the odds of reinfection compared with those who were
fully vaccinated.  The findings suggest that among people who have had COVID-19 previously,
getting fully vaccinated provides additional protection against reinfection.
 
Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related
hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, the
data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent COVID-19.
 
COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and
death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially
vaccinated vaccines make people more likely to have a milder and shorter illness compared to those
who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against
COVID-19.
 
 
 

###
 

U.S. Department of Health and Human Services
 

CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at home
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or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate
attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta

and has experts located throughout the United States and the world.
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: White, Connie (CHFS DPH)
Subject: FW: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 9:44:00 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC.docx

Here is the latest proof/working copy.  Dr. Walensky is going to highlight this tomorrow in a press
briefing/release.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:42 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation.suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Hello Alyson,
 
Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Alford, James (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Robeson, Sara (CHFS DPH); Patel,

Dimple (CHFS DPH DEHP); Rush, Carrell (CHS DPH DEHP); Messerli, Emily C (CHFS DPH DEHP)
Subject: FW: CSTE COVID-19 Response | Digest for Aug. 26 (CSTE Position Statement, CDC Webinar Series, CDC ELC

School Testing Toolkit, CSTE PH Law Webinar, and more)
Date: Thursday, August 26, 2021 5:09:00 PM
Attachments: image001.png

image002.png
Jajosky_2021_State_Epi_Letter_New_2021_COVID-
19_Case_Definition_for_NNDSS_WebSite_Cleared_08242021.pdf
COVID19 Vaccine Effectiveness Transmission Impact Studies - Summary Tables_20210819.pdf
COVID-19 Partner Updates August 25 2021.msg
CDC Health Alert Network (HAN) Health Advisory Rapid Increase in Ivermectin Prescriptions and Reports of
Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat COVID-19.msg

FYI
 

From: CSTE Emergency Response <Preparedness@cste.org> 
Sent: Thursday, August 26, 2021 4:09 PM
To: CSTE Emergency Response <Preparedness@cste.org>
Cc: CSTE Novel Coronavirus 2019 <CSTEncov2019@cste.org>
Subject: CSTE COVID-19 Response | Digest for Aug. 26 (CSTE Position Statement, CDC Webinar
Series, CDC ELC School Testing Toolkit, CSTE PH Law Webinar, and more)
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

 
Sent to State Epidemiologists, Deputy State Epidemiologists, CLUE, Infectious Disease Points of
Contact, and the CSTE Executive Board
 
Good afternoon,
 
Please see below for a collection of Coronavirus Disease 2019 (COVID-19) information, gathered for
your awareness:
 
 

New Information 
CSTE COVID-19 Position Statement – State Epi Letter  [Attachment, Link]

Yesterday, August 25, CSTE shared a letter (attached) with State and Territorial
Epidemiologists providing implementation information for the new 2021 COVID-19
case definition in the National Notifiable Diseases Surveillance System (NNDSS). For
cases identified beginning September 1, 2021, jurisdictions should use the case
definition approved by the Council on June 17, 2021 in 21-ID-01 (linked here).
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Date:  August 24, 2021 


To:  U.S. State and Territorial Epidemiologists 


From:   Ruth Jajosky, D.M.D., M.P.H.; Surveillance and Data Branch; Division of Health 
Informatics and Surveillance; Center for Surveillance, Epidemiology, and Laboratory 
Services; Office of Public Health Scientific Services; Centers for Disease Control and 
Prevention (CDC) 


Subject:  Implementation of the new 2021 COVID-19 case definition in the National Notifiable 
Diseases Surveillance System starting September 1, 2021 


On June 17, 2021, the Council of State and Territorial Epidemiologists (CSTE) approved position 
statement 21-ID-01 titled “Update to the standardized surveillance case definition and national 
notification for 2019 novel coronavirus disease (COVID-19).” For cases identified beginning September 
1, 2021, jurisdictions should use the case definition approved on June 17, 2021, in position statement 
21-ID-01.  Jurisdictions should not retroactively change the classification of cases reported prior to 
September 1, 2021. 


CDC has posted the new 2021 COVID-19 case definition to the National Notifiable Diseases Surveillance 
System (NNDSS) website. The new 2021 COVID-19 case definition: 


• updates clinical criteria indicative of infection; 
• refines and expands laboratory criteria to include genomic sequencing;  
• updates epidemiologic linkage criteria and the definition of close contact; 
• acknowledges testing performed in non-traditional settings such as work sites, temporary 


testing sites, and homes;   
• specifies criteria for enumerating new cases in persons previously classified as a probable or 


confirmed case (i.e., reinfections); and 
• clarifies that a case meeting clinical criteria and epidemiologic linkage with no confirmatory or 


presumptive laboratory evidence for SARS-CoV-2 is classified as probable.  
 


The 2021 COVID-19 case definition replaces the previous interim 2020 COVID-19 case definition 
described in CSTE position statement Interim-20-ID-02, which was approved on August 5, 2020. Current 
and historical COVID-19 case definitions are available on the NNDSS website. 


As a reminder, the event code for COVID-19 is 11065 and is listed in the 2021 NNDSS event code list. 
COVID-19 continues to be designated immediately nationally notifiable. When CDC begins publishing 
COVID-19 data in the NNDSS tables, CDC will include case counts for confirmed and probable cases. 


As always, thank you for your dedication to surveillance and to prevention and control efforts, especially 
during the COVID-19 pandemic. 



https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://cdn.ymaws.com/www.cste.org/resource/resmgr/21-ID-01_COVID-19_updated_Au.pdf

https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021/

https://ndc.services.cdc.gov/conditions/coronavirus-disease-2019-covid-19/

https://ndc.services.cdc.gov/wp-content/uploads/2021/02/National_Notifiable_Diseases_Surveillance_System_Event_Code_List_2021_v1_2021JAN05.xlsx
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 1. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness# 


(Detailed methods available on VIEW-hub Resources page:  https://view-hub.org/resources) 


# 


Reference 
(date) Country Design Population 


Dominant 
Variants 


History 
of COVID 


Vaccine 
Product 


Outcome 
Measure 


1st Dose VE  
% (95%CI) 


Days post 
1st dose± 


2nd Dose VE  
% (95% CI) 


Days post 
2nd dose 


Max 
Duration of 
follow up 
after fully 
vaccinated 


79 Tenforde et al 
(August 18, 
2021) 


USA Case control  1,194 cases and 
1,895 controls  


Alpha and 
Delta^ 
(March-July) 


Unknown BNT162b2 
or mRNA-
1273 


Hospitalization, all –– –– 86(82-88) 14+ 
 


~24 weeks 


Hospitalization, 
Non-immuno- 
compromised 


90(87-92) 


Hospitalization, 
Immuno-
compromised  


63(44-76) 


Alpha^ 
(March-May) 


Hospitalization, all  87(83-90) 


Delta^  
(June-July) 


Hospitalization, all  84(79-89) 


78 Chin et al 
(August 18, 
2021) 


USA Retrospective 
cohort 


60,707 


incarcerated 


people in 


California 


prisons 


Non-VOC^ Excluded BNT162b2 
or mRNA-
1273 


Documented 
infection, all 


74 (64-82) 14+ 97 (88-99) 14+ ~5 weeks 


Documented 
infection, cohort 
at moderate/high 
risk for severe 
COVID-19 


74 (62-82) 92 (74-98) 


mRNA-
1273 


Documented 
infection, all 


71 (58-80) 96 (67-99) 


77 Nanduri et al 
(August 
18,2021) 
 


USA Retrospective 
cohort 


10,428,783 


residents of 


skilled nursing 


facilities 


Non-VOC 


and Alphaⴕⴕ 


(Pre-Delta 
circulation) ^ 


Unknown BNT162b2 Documented 
infection 


–– –– 74.2 (69–78.7) 14+ ~16 weeks 


mRNA-
1273 


74.7(66.2-81.1) 
 


Alphaⴕⴕ 


(Delta 
circulating 
but not 
dominant) ^ 


BNT162b2 Documented 
infection 


66.5 (58.3-73.1) ~22 weeks 


mRNA-
1273 


70.4 (60.1-78.0) 


Delta^ 
 


BNT162b2 Documented 
infection 


52.4 (48–56.4) ~28 weeks 


mRNA-
1273 


50.6 (45–55.7) 


#76 Tang et al 
(August 11, 
2021) 


Qatar Test-negative 
case control  


2,175 cases 
with confirmed 
Delta infection 
and matched 


Delta^ Included BNT162b2 Documented 
infection 


65.5 (40.9-79.9) 14+ 
 


59.6 (50.7-66.9) 14+ ~25 weeks 


mRNA-
1273 


79.7 (60.8-89.5) 86.1 (78.0-91.3) 



https://view-hub.org/resources

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w

https://doi.org/10.1101/2021.08.16.21262149

http://dx.doi.org/10.15585/mmwr.mm7034e3

https://www.medrxiv.org/content/10.1101/2021.08.11.21261885v1
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controls (aged 
12+) 


BNT162b2 Severe, critical, or 
fatal disease 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated) 


97.3 (84.4-99.5) 


mRNA-
1273 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


100.0 (CI 
omitted, no 
events among 
vaccinated) 


BNT162b2 Symptomatic 
COVID-19 


76.3 (46.7-90.7) 56.1 (41.4-67.2) 


mRNA-
1273 


85.7 (62.7-95.7) 85.8 (70.6-93.9) 


BNT162b2 Asymptomatic 
COVID-19 


25.2 (0.0-78.7) 35.9 (11.1-53.9) 


mRNA-
1273 


57.4 (0.0-92.9) 80.2 (54.2-92.6) 


75 Chemaitelly et 
al (August 9, 
2021) 


Qatar Retrospective 
cohort 


782 kidney 
transplant 
recipients 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


–– –– 46.6 (0.0-73.7) 14+ ~17 weeks 


66.0 (21.3-85.3) 42+ 


73.9 (33-89.9) 56+ 


Severe infection  72.3 (0.0-90.9) 14+ 


85.0 (35.7-96.5) 42+ 


83.8 (31.3-96.2) 56+ 


74 Puranik et al  
(August 9, 
2021) 


USA Retrospective 
cohort 


77,607 adults  Alpha and 
Delta ^ 


Excluded BNT162b2 Documented 
infection  


16 (-20-42) 1-7 76 (69-81) 14+ ~ 26 weeks  


Hospitalization  75 (-30-97.4) 85 (73-93) 


ICU admission  100 (-430-100) 87 (46-98.6) 


mRNA-
1273 


Documented 
infection  


-10 (-50-24) 86 (81-90.6) 


Hospitalization  25 (-150-79) 91.6 (81-97) 


ICU admission  100 (-430-100) 93.3 (57-99.8) 


73 de Gier et al* 
(August 5, 
2021) 


Netherlands Retrospective 
cohort 


184,672 
household and 
other close 
contacts (aged 
18+) of 113,582 
index cases 
(aged 18+)  


Alpha^ Unknown AZD1222 Documented 
infection among 
household 
contacts (adj. for 
vaccination status 
of index case) 


2 (-11-14) 14+ 87 (77-93) 7+ ~15 weeks 


BNT162b2 -18 (-43-2) 65 (60-70) 


mRNA-
1273 


33 (-27-64) 91 (79-97) 


Ad26.COV2
.S 


12 (-71-54) ––  


72 Lefèvre et al 
(July 31,2021) 


France Retrospective 
cohort 


378 LTCF 
residents 


Beta^ Included BNT162b2 Documented 
infection 


55(13-76) 14+ up to 6 
days after 
2nd dose 


49(14-69) 7+ ~16 weeks 


Hospitalization 
and death  


86(32-97) 86(67-94) 


71 Alali et al  
(July 29,2021) 


Kuwait Retrospective 
cohort 


3,246 HCWs  Alpha^ Excluded BNT162b2 Documented 
infection 


91.4(65.1-97.9) 14+ 94.5(89.4-97.2) 7+ ~18 weeks  


AZD1222 Documented 
infection 


75.4(67.2-81.6) 28+ –– 



https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.08.06.21261707v2.full.pdf

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.28.21261285v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.07.25.21261083v1.full.pdf
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70 Gram et al 
(July 28, 2021) 


Denmark Retrospective 
cohort 


5,542,079 
adults  


Alpha^ Excluded Heterologo
us: 
AZD1222 
(1st dose) 
BNT162b2 
or mRNA-
1273(2nd 
dose) 


Documented 
infection 


31 (14-44) 77-83 88 (83-92) 14+ ~7.5 weeks 


Hospitalization 93 (80-98) 14+ not calculated 
due to no 
events in 
vaccinated 
group 


 


69 Amirthalingam 
et al  
(July 28,2021) 


UK Test-negative 
case control 


69,545 cases 
and 229,662 
test negative 
controls aged 
50+ 


Alpha^ Excluded  BNT162b2 Documented 
infection,  
80 y+ 


42 (31-52) 28+ 77 (56-88) 14+,  
dose interval 
19-29 days 


~16 weeks 


90 (83-94) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


53 (48-58) 77 (66-85) 14+,  
dose interval 
19-29 days 


89 (86-92) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
50-64y 


51 (47-55)   
88 (67-96) 


14+,  
dose interval 
19-29 days 


92 (91-94) 14+,  
dose interval 
65-84 days 


AZD1222 Documented 
infection,  
80 y+ 


42 (29-53) 
––  


82 (68-89) 14+,  
dose interval 
65-84 days 


Documented 
infection,  
65-79 y 


52 (46-56) 73 (25-90) 14+,  
dose interval 
30-44 days 


74 (69-79) 14+, 
dose interval 
65-84 days:  


Documented 
infection,  
50-64 y 
 
 


42 (39-46) 55 (34-69) 14+,  
dose interval 
30-44 days 


77 (74-79) 14+,  
dose interval 
65-84 days 


68 Kissling et al 
(July 22,2021) 


UK, France, 
Ireland, 
Netherlands, 
Portugal, 


Test-negative  592 cases and 
4,372 controls 
aged 65+ 


Alpha^ Excluded BNT162b2 Symptomatic 
COVID-19 


61(39-75) 14+ 87(74-93) 14+ ~16 weeks  



https://www.medrxiv.org/content/10.1101/2021.07.26.21261130v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.29.2100670
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Scotland, 
Spain, 
Sweden  


AZD1222 Symptomatic 
COVID-19 


68(39-83) —   


67# Carazo et al 
(July 22, 2021) 


Canada Test-negative 
case control 


5316 cases and 
53,160 test 
negative 
controls among 
HCWs 


Non-VOC 
and Alpha^ 


Excluded BNT162b2  Documented 
infection 


70.3 (68.1-72.4) 14+ 85.5 (80.4-89.3) 7+ ~20 weeks 


Symptomatic 
COVID-19 


72.8 (70.5-74.9) 92.2 (87.8-95.1) 


mRNA-
1273 


Documented 
infection 


68.7 (59.5-75.9) 14+  84.1 (34.9-96.1) 7+ 


Symptomatic 
COVID-19 


80.9 (74.3-85.8) —   


BNT162b2 
and mRNA-
1273 


Hospitalization 97.2 (92.3-99.0) 14+  —   7+ 


Alpha^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


60.0 (53.6-65.5) 14+  92.6 (87.1-95.8) 7+ 


Non-VOC^ Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


77.0 (72.6-80.7) 86.5 (56.8-95.8) 


66 Hitchings et al 
(July 22, 2021) 


Brazil Test-negative 
case control 


30,680 
matched pairs 
of adults aged 
60+ in Sao 
Paolo, Brazil 


Gamma^ Included 
(except in 
previous 
90 days) 


AZD1222 Symptomatic 
COVID-19 


33.4 (26.4-39.7) 28+  77.9 (69.2-84.2) 14+ ~9.5 weeks 


Hospitalization 55.1 (46.6-62.2) 87.6 (78.2-92.9) 


Death 61.8 (48.9-71.4) 93.6 (81.9-97.7) 


65 Kim et al  
(July 22, 2021) 


USA Test-negative 
case control 


812 US adults 
aged 16+ with 
COVID-19-like 
illness 


Non-VOC 


and Alphaⴕⴕ 


Unknown BNT162b2 
and mRNA-
1273 


Symptomatic 
COVID-19 


75 (55-87) 14+ up to 
14 days 
post 2nd 
dose 


91 (83-95) 14+ ~18.5 weeks 


64# Lopez Bernal et 
al* 
(July 21, 2021) 


UK Test-negative 
case control 


19,109 cases 
and 171,834 
test negative 
controls aged 
16+ 


Alpha^ 
 


Excluded BNT162b2 Symptomatic 
COVID-19 


47.5 (41.6–
52.8) 


21+  
 


93.7 (91.6–
95.3) 


14+ ~17 weeks 


AZD1222 Symptomatic 
COVID-19 


48.7 (45.2–
51.9) 


74.5 (68.4–
79.4) 


Delta^ 
 
 


BNT162b2 Symptomatic 
COVID-19 


35.6 (22.7–
46.4) 


88.0 (85.3–
90.1) 
 


AZD1222 Symptomatic 
COVID-19 


30.0 (24.3–
35.3) 


67.0 (61.3–
71.8) 


63 Butt et al* (July 
20, 2021) 


USA Test-negative 
case control 


54,360 
propensity-
matched pairs 
of veterans 


 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


85.0 (84.2-85.8) 0+  97.1 (96.6-97.5) 7+ ~6.5 weeks 


BNT162b2 Documented 
infection 


84.0 (82.7-85.1) 96.2 (95.5-96.9) 


mRNA-
1273 


Documented 
infection 


85.7 (84.6-86.8) 98.2 (97.5-98.6) 



https://www.medrxiv.org/content/10.1101/2021.07.19.21260445v1?__cf_chl_jschl_tk__=pmd_bcdb434047269247f3db715ba22d9e0f12ca97c5-1627444884-0-gqNtZGzNAfijcnBszQeO

https://www.medrxiv.org/content/10.1101/2021.07.19.21260802v1.full-text

https://www.medrxiv.org/content/10.1101/2021.07.20.21260647v1

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://www.nejm.org/doi/10.1056/NEJMoa2108891?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://pubmed.ncbi.nlm.nih.gov/34280332/
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62 Layan, Maylis 
et al 
(July 16,2021) 


Israel  Prospective 
cohort  


687 household 
contacts (HHCs) 
of 215 index 
cases from 210 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Documented 
infection among 
HHCs vaccinated 
and not isolated 
(relative to HHCs 
not vaccinated 
and not isolated) 


—   —   81 (60-93) 7+ ~12 weeks 


61 Balicer et al 
(July 12,2021) 


Israel  Prospective 
Cohort  


21722 pregnant 
women  


Original and 
Alpha^ 


Excluded BNT162b2  
 
 


Documented 
infection 


67 (40-84) 14-20 96 (89-100) 7-56 ~18 weeks  


71 (33-94) 21-27‡ 


Symptomatic 
COVID-19 


66 (32-86) 14-20 97 (91-100) 


76 (30-100) 21-27‡ 


Hospitalization —   —   89 (43-100) 


60 Butt et al  
(June 22,2021) 


Qatar Test-negative 
case control 


1255 pregnant 
women 


Alpha and 
Beta^ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


40.3 (0.0-80.4) 14+ 67.7 (30.5-86.9) 14+ ~17 weeks  


59 Prunas et al 
(July 16, 2021) 


Israel Retrospective 
cohort 


253,564 Israeli 
individuals 
from 65,264 
households 
with at least 1 
infected 
individual and 
at least 2 
members 


Original and 
Alpha¶  


Unknown  BNT162b2 Documented 
infection among 
household 
contacts 


—   —   80.5 (78.9-82.1) 10+ ~8.5 weeks 


58 Whitaker et al 
(July 9,2021) 


UK Prospective 
cohort  


5,642,687 
patients 
reporting to 
718 English 
general 
practices  


Original and 


Alpha 


Included BNT162b2 Symptomatic 
COVID-19  


48.6 (27.9-63.3) 28-90‡ 93.3 (85.8-96.8) 14+ ~20 weeks  


AZD1222 50.2 (40.8-58.2) 78.0 (69.7-84.0) 


57 John et al  
(July 13,2021) 


USA Retrospective 
cohort  


40,074 patients 
with cirrhosis 
within Veterans 
Health 
Administration, 
propensity 
matched 


Original and 


Alpha ⴕⴕ 


Excluded BNT162b2 
and mRNA-
1273 


Documented 
infection 


64.8 (10.9-86.1) 28+ 
(including 
some with 
dose 2) 


78.6 (25.5-93.8) 7+ ~10 weeks  


Hospitalization 100.0 (99.3-
100.0) 


100.0 (99-100) 


COVID-19 related 
death  


100.0 (99.3-
100.0) 


100.0 (99-100) 


56 Bertollini et al  
(July 13, 2021) 


Qatar  Prospective 
cohort  


10,092 
matched pairs 
of Qatari adults 
arriving at an 
international 
airport.  


Original, 
Alpha and 


Beta^ 


Included BNT162b2 
and mRNA-
1273 


Documented 
infection  


—    78 (72-83) 14+ ~4 weeks  


55 Goldshtein et al 
(July 12,2021) 


Israel  Retrospective 
cohort   


15060 pregnant 
Israeli women 


Original and 
Alpha¶ 


Excluded  BNT162b2 Documented 
infection 


54 (33-69) 11-27, 
including 
some with 
dose 2 


  —  ~5 weeks 



https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://assets.researchsquare.com/files/rs-665725/v1/e8e87f01-5671-4543-8c79-240d4677a984.pdf?c=1626107519

https://www.researchsquare.com/article/rs-622782/v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://khub.net/documents/135939561/430986542/RCGP+VE+riskgroups+paper.pdf/a6b54cd9-419d-9b63-e2bf-5dc796f5a91f

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2782121

https://jamanetwork.com/journals/jama/fullarticle/2781112

https://jamanetwork.com/journals/jama/fullarticle/2782047
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78 (57-89) 28+, 
includes 
some with 
dose 2 


54# Chemaitelly et 
al* (July 9, 
2021) 


Qatar Test-negative 
case-control 


25,034 
matched pairs 
of adults 


Alpha^ Unknown mRNA-
1273 
 


Documented 
infection 


88.2 (83.8-91.4) 14+ days, 
prior to 2nd 
dose 


100.0 (CI 
omitted since 
there were no 
events among 
vaccinated 
persons) 


14+ 13 weeks 


52,442 
matched pairs 
of adults 


Beta^ Unknown mRNA-
1273 
 


Documented 
infection 


68.2(64.3-71.7) 96.0 (90.9-98.2) 


4,497 matched 
pairs of adults  


Alpha and 
Beta^ 


Unknown mRNA-
1273 
 


Severe, critical or 
fatal disease 


83.7(74.1-89.7) 89.5 (18.8-98.7) 


Symptomatic 
infection 


66.0(60.6-70.7) 98.6 (92.0-
100.0) 


Asymptomatic 
infection 


47.3(37.6-55.5) 92.5 (84.8-96.9) 


Retrospective 
cohort 


2520 
vaccinated and 
73,853 
unvaccinated, 
antibody-
negative 
controls 


Alpha^ Excluded mRNA-
1273 


Documented 
infection 


—    100.0 (82.5-
100.) 


14+ 13 weeks 


Beta^ Excluded mRNA-
1273 


Documented 
infection 


—    87.8 (73.4-95.5) 


Variants of 
unknown 
status  


Excluded mRNA-
1273 


Documented 
infection 


—    93.5 (76.6-99.2) 


53# Tenforde et al  
(August 6, 
2021) 
[Update to July 
8 preprint] 


USA Test-negative 
case-control 


1212 
hospitalized 
adults from 18 
hospitals 


Original and 
Alpha^ 
 


Included BNT162b2/ 
mRNA-
1273 


Hospitalization  75.4(60.4-84.7) 14+ up to 
14 days 
post 2nd 
dose 


86.6 (79.0-91.4) 14+ ~2 weeks  


BNT162b2 —    84.7 (74.1-91.0) 


mRNA-
1273 


—    88.9 (78.7-94.) 


Alpha^ Included BNT162b2/ 
mRNA-
1273 


—    92.1 (82.3-96.5) 


52 Jara et al  
(July 7,2021) 


Chile Prospective 
cohort  


10,187,720 
adults  
 


Alpha and 
Gamma^ 


Excluded CoronaVac Documented 
infection 


15.5 (14.2-16.8) 14+ days 65.9 (65.2-66.6) 14+ 8 weeks  


Hospitalization 37.4 (34.9-39.9) 87.5 (86.7-88.2) 


ICU admission  44.7 (40.8-48.3) 90.3 (89.1-91.4) 


Death  45.7 (40.9-50.2) 86.3 (84.5-87.9) 


51# Nasreen et al 
(July 16, 2021) 


Canada  Test-negative 
Case Control  


421073 
community 
dwelling 
individuals  


Non-VOC  Unknown  BNT162b2 Symptomatic 
infection 


61 (54, 68) 14+ days 93 (88, 96) 7+ 18 weeks  


Hospitalization or 
death 


68 (54,78) 96 (82, 99) 



https://www.nature.com/articles/s41591-021-01446-y

https://www.nature.com/articles/s41591-021-01446-y

https://doi.org/10.1093/cid/ciab687

https://www.nejm.org/doi/10.1056/NEJMoa2107715

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2

https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v2
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[Update to July 
3, 2021 
preprint] 


mRNA-
1273 


Symptomatic 
infection 


54 (28, 70)  


 


89 (65, 96)  


 


Hospitalization or 
death 


57 (28, 75)  


 


96 (70, 99)  


 


AZD1222 Symptomatic 
infection 


67 (38, 82)  


 


—   


Alpha^ Unknown BNT162b2 Symptomatic 
infection 


66 (64, 68)  


 


89 (86, 91)  


 


Hospitalization or 
death 


80 (78, 82)  


 


95 (92, 97)  


 


mRNA-
1273 


Symptomatic 
infection 


83 (80, 86)  


 


92 (86, 96) 


Hospitalization or 
death 


79 (74, 83) 94 (89, 97) 


AZD1222 Symptomatic 
infection 


64 (60, 68) —   


Hospitalization or 
death 


85 (81, 88) —   


Beta/Gamm
a^ 


Unknown BNT162b2 Symptomatic 
infection 


60 (52,67) 84 (69, 92) 


Hospitalization or 
death 


77 (69, 83) 95 (81, 99) 


mRNA-
1273 


Symptomatic 
infection 


77 (63, 86) —   


Hospitalization or 
death 


89 (73, 95) —   


AZD1222 Symptomatic 
infection 


48 (28, 63) —   


Hospitalization or 
death 


83 (66, 92) —   


Delta^ Unknown BNT162b2 Symptomatic 
infection 


56 (45, 64) 87 (64, 95) 


Hospitalization or 
death 


78 (65, 86) —   


mRNA-
1273 


Symptomatic 
infection 


72 (57, 82) —   


Hospitalization or 
death 


96 (72, 99) —   
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AZD1222 Symptomatic 
infection 


67 (44, 80) —   


Hospitalization or 
death 


88 (60, 96) —   


50 Baum et al 
(June 28,2021) 
 


Finland  Prospective 
cohort  


Two study 
cohorts: 
901,092 Finnish 
elderly aged 70 
years and 
774,526 
chronically ill 
aged 16-69 
years  


Original and 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273  
(elderly 
cohort) 


Documented 
infection  


45 (36-53) 21+ days  75 (65-82) 7+ 16 weeks  


Hospitalization  63 (49-74) 93 (70-98) 


BNT162b2 
& mRNA-
1273 
(Chronically 
ill cohort) 


Documented 
infection 


40 (26-51) 77 (65-85) 


Hospitalization 82 (56-93) 90 (29-99) 


AZD1222 
(chronically 
ill cohort) 


Documented 
infection  


42 (32-50) —   


Hospitalization  62 (42-75) —   


49 Saciuk et al 
(June 27, 2021) 


Israel Retrospective 
cohort 


1.6 million 
members of 
Maccabi 
HealthCare 
HMO ≥16 


Original and 
Alpha¶ 


Excluded BNT162b2 Documented 
infection 


—    93.0 (92.6-93.4) 7+ 14 weeks 


Hospitalization —    93.4 (91.9-94.7) 7+ 


Death —    91.1 (86.5-94.1) 7+ 


48 Pawlowski et 
al.* (Jun 17, 
2021) 
[Update to Feb. 
18, 2021 
preprint] 


USA – Mayo 
Clinic 


Retrospective 
Cohort 
 


68,266  – 


propensity 


matched on, zip, 


# of PCRs, 


demographics  


Original & 


Alpha ¥ 


excluded BNT162b2  
 


Documented 
Infection 


61.0 (50.8-69.2) ≥14, prior 
to 2nd dose 


88.0 (84.2-91.0) ≥14 ~17 weeks 
(120 days) 


Hospitalization —    88.3 (72.6-95.9) ≥14 


ICU Admission —    100.0 (18.7-
100) 


≥14 


mRNA-
1273 


Documented 
Infection 


66.6 (51.9-77.3) ≥14, prior 
to 2nd dose 


92.3 (82.4-97.3) ≥14 


Hospitalization —    90.6 (76.5-97.1) ≥14 


ICU Admission —    100.0 (17.9-
100) 


≥14 


47 Young-Xu et al 
(July 14,2021) 
[Update to Jun 
22 preprint] 


USA  Test negative 
case control  


77014 veterans 
within Veterans 
Health 
Administration 


Original and 


Alpha ⴕⴕ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection  


58 (54-62) 7+ days up 
to dose 2 


94 (92-95) 7+  ~8 weeks  


Hospitalization 40 (27-50) 89 (81-93) 


Death 55 (21- 74) 98.5 (86.6-99.8) 


Asymptomatic 
infection  


58.0 (41.7-69.7) 69.7 (47.7-82.5) 


Hospitalization  53.0 (25.7-70.3) 88.4 (74.9-94.7) 


Deaths  55.6 (26.6-73.2) 97.0 (91.7-98.9) 


46 Azamgarhi et al 
(June 17, 
2021)*  
[Update to 
Azamgarhi et al 
below] 


UK-London  Retrospective 
cohort  


2235 HCWs 
working at one 
hospital  


Original and 
Alpha£ 


Excluded  BNT162b2 Documented 
infection  


70.0 (6.0-91.0) >14  —     



https://doi.org/10.1101/2021.06.21.21258686

https://doi.org/10.1101/2021.06.21.21258686

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3868853

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.cell.com/med/pdf/S2666-6340(21)00238-5.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666634021002385%3Fshowall%3Dtrue

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.medrxiv.org/content/10.1101/2021.06.14.21258906v3

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x

https://www.nature.com/articles/s41467-021-23927-x
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45 Gupta et al 
(June 16, 
2021)* 


USA Retrospective 
cohort  


4028 HCWs in 
Boston, 
Massachusetts 


Original and 
Alpha  


Unknown  mRNA-
1273 


Documented 
infection  


95.0 (86-98.2) >14 days 
post dose 1 
to 13 days 
post dose 2 


—     


44# Stowe et al 
(June 14, 2021) 


UK TND Case-
control 


Patients 
seeking 
emergency care 
services with 
subsequent 
hospitalization 


Alpha included BNT162b2 Hospitalization 83 (62-93) 21+ to <13 
days post 
dose 2 


95 (78-99) 14+ ~20 weeks 
(but most 
much less) 


AZD1222 76 (61-85) 86 (53-96) 


Delta BNT162b2 94 (46-99) 96 (86-99) 


AZD1222 71 (51-83) 92 (75-97) 


43# Sheik et al 
(June 14, 2021) 
 


Scotland TND Scottish 
population 


Alpha  Unknown BNT162b2 Documented 
infection 


38 (29-45) 28+ 92 (90–93)  14+ ~20 weeks 
(but most 
much less) Unknown AZD1222 Documented 


infection 
37 (32-42) 28+ 73 (66–78) 14+ 


Delta Unknown BNT162b2 Documented 
infection 


30 (17-41) 28+ 79 (75–82) 14+ 


Unknown  AZD1222 Documented 
infection 


18 (9-25) 28+ 60 (53–66) 14+ 


42 Flacco, Maria 
et al*  
(June 10, 2021) 


Italy  Retrospective 
cohort  


245,226 
individuals  


Original and 


Alphaⴕⴕ 


Unknown  BNT162b2 Documented 
infection  


55 (40-66) 14+  98 (97-99) 14+ ~14 weeks 


Hospitalization  —   99 (96-100) 14+ 


Death  —   98 (87-100) 14+ 


mRNA-
1273 


Documented 
infection  


93 (74-98) 14+  —    


AZD1222 Documented 
infection  


95 (92-97) 21+  —    


41 Skowronski et 
al* (July 9, 
2021) 
[Update to 
June 9 
preprint] 


Canada TND ≥70 year olds 
living in 
community 


Alpha Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


67 (95% CI 57-
75) 


21+ —    ~6 weeks 


Gamma 61 (95% CI 45- 
72) 


21+ 


Non-VOC 72 (95% CI 58-
81) 


21+ 


40 Emborg et al. 
(June 2, 2021) 
[Update of 
Houston-
Melms below] 


Denmark Cohort 46,101 long-
term care 
facility (LTCF) 
residents, 
61,805 
individuals 65 
years and older 
living at home 
but requiring 
practical help 
and personal 
care (65PHC), 
98,533 
individuals ≥85 
years of age 
(+85), 425,799 


original & 
Alpha¶¶ 


excluded BNT162b2 Documented 
infection 


7 (-1-15) 
 


>14 82 (79-84) >7 10 weeks 


COVID-
Hospitalization 


35 (18-49) >14 93 (89-96) >7 


COVID-Mortality 7 (-15-25) >14 94 (90-96) >7 



https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781173?utm_source=For_The_Media&utm_medium=referral&utm_campaign=ftm_links&utm_term=061621

https://khub.net/web/phe-national/public-library/-/document_library/v2WsRK3ZlEig/view_file/479607329?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_v2WsRK3ZlEig_redirect=https%253A%252F%252Fkhub.net%253A443%252Fweb%252Fphe-national%252Fpublic-library%252F-%25

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01358-1/fulltext

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://doi.org/10.3390/vaccines9060628

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab616/6318435

https://www.medrxiv.org/content/10.1101/2021.05.27.21257583v1
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health-care 
workers 
(HCWs), and 
231,858 
individuals with 
comorbidities 
that predispose 
for severe 
COVID-19 
disease (SCD) 


39 Thompson et 
al* 
[updated on 
June 30,2021] 
 


USA Cohort 3975 health 
care personnel, 
first 
responders, 
and other 
essential and 
frontline 
workers in 8 
locations in US 


Original Excluded BNT162b2 Documented 
infection 


80 (60-90) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


93 (78-98) 
 


≥14 13 weeks 


mRNA-
1273 


Documented 
infection 


83 (40-95) 
 


≥14 days 
post dose 1 
to 13 days 
post dose 2 


82 (20-96) 
 


≥14  


38 Salo et al 
(July 10, 2021) 
[Update to May 
30 preprint] 


Finland Retrospective 
cohort 


HCW and their 
unvaccinated 
spouses 


Alphaⴕⴕ Excluded BNT162b2 
& mRNA-
1273 


Documented 
infection in HCW 


26.8 (7.5-42.1) 
 


2 weeks —    *10 weeks 
since dose 1 


Documented 
infection in HCW 


69 (59.2-76.3) 
 


10 weeks 
(includes 2 
dose 
recipients) 


—   
  


 


37 Khan et al (May 
31, 2021) 


USA Retrospective 
cohort 


14,697 IBD 
patients in VA 
hospitals 


Unknown Included BNT162b2 
& mRNA-
1273 


Documented 
infection 


-1 (-50-32) 14+ up to 7 
days post 
dose 2 


69 (44-83) 
 


7+ 14 weeks  


Hospitalization/de
ath 


9 (-114-61) 49 (-36-81) 7+ 


36 Martinez-Bas 
et al* 
(May 27, 2021) 


Spain Prospective 
Cohort 


20,961 close 
contacts of 
confirmed 
cases 


Alpha Excluded BNT162b2 Documented 
infection 


21 (3-36%) 14+ 65 (56-73) 14+ 12 weeks 


Symptomatic 
infection 


30 (10-45) 14+ 82 (73-88) 14+ 


Hospitalization 65 (25-83) 14+ 94 (60-99) 14+ 


AZD1222 Documented 
infection 


44 (31-54) 14+ —    n/a 


Symptomatic 
infection 


50 (37-61) 14+ —    


Hospitalization 92 (46-99) 14+ —    


35# Chung et al 
(Updated July 
26, 2021) 


Canada Test negative 
design case 
control 


Adults in 
Ontario 
53,270 cases 
270,763 
controls 


Non-VOC^ Excluded BNT162b2 Symptomatic 
infection 


59 (55-62) 
 


14+ 
 


91 (88-93) 
 


7+ 15 weeks 


Hospitalization 
and Death 


69 (59-77) 
 


96 (82-99) 
 


0+ 


mRNA-
1273 


Symptomatic 
infection 


72 (63-80) 
 


94 (86-97) 
 


7+ 


Hospitalization 
and Death 


73 (42-87) 96 (74-100) 0+ 



https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.nejm.org/doi/10.1056/NEJMoa2107058

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full

https://linkinghub.elsevier.com/retrieve/pii/S0016-5085(21)03066-3

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.21.2100438

https://www.medrxiv.org/content/10.1101/2021.05.24.21257744v2
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Alpha 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


61 (56-66) 90 (85-94) 7+ 


Hospitalizationand 
Death 


59 (39-73) 94 (59-99) 0+ 


Beta or 
Gamma 
specifically^ 


BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


43 (22-59) 88 (61-96) 
 


7+ 


BNT162b2 
& mRNA-
1273 


Hospitalizationand 
Death 


56(-9-82) 100 0+  


34 PHE  
(May 20, 2021) 


UK Test-negative 
case control 


≥65 years Alpha excluded BNT162b2 Symptomatic 
infection 


54 (50-58) 
 


28+ 90 (82-95) 
 


≥14  


AZD1222 Symptomatic 
infection 


53 (49-57) 28+ 89 (78-94) ≥14  


33# Ranzani et al. 
(updated Jul 
21, 2021) 


Brazil Test-negative 
case control 


7950 matched 
pairs among 
70+ year olds in 
Sao Paulo 


Gamma Included Coronavac Symptomatic 
infection 


10.5 (-4.4-23.3) ≥14 
 


41.6 (26.9 -
53.3) 


≥14 
 


~10.5 weeks 


Hospitalization 
 


18.5 (-1.0-34.2) 59.0 (44.2-69.8) 


Death 31.6 (7.1-49.7) 71.4 (53.7-82.3) 


32 Ismail et al. 
(May 12, 2021) 


UK Screening 
method 


13,907 ≥70  Alpha included AZD1222 Hospitalization in 
70-79 


84 (74-89) 
 


28+ —     


Hospitalization I n 
80+ 


73 (60-81) 
 


28+ —     


BNT162b2 Hospitalization in 
70-79 


81 (73-87) 
 


28+ —     


Hospitalization I n 
80+ 


81 (76-85) 
 


28+ 93 (89-95) 
 


≥14  


31 Pilishvili et al.* 
(May 14, 2021) 


US Test-negative 
case control  


HCP at 33 U.S. 
sites across 25 
U.S. states 


Unknown Excluded BNT162b2 
& mRNA-
1273 


Symptomatic 
infection 


82 (74-87) ≥14 days 
post dose 1 
to 6 days 
post dose 2 


94 (87-97) ≥7  


30 Lopez-Bernal et 
al.*  
(May 13, 2021) 
[Update to Mar 
1 preprint] 


UK Test-negative 
case control 


156,930 UK 
population over 
age 70 


Alpha^ Included BNT162b2 Over 80 years: 
Symptomatic 
infection 


—    79 (68-86) ≥7  


Over 70 years: 
Symptomatic 
infection 


61 (51-69) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


AZD1222 Over 70 years:  
Symptomatic 
infection 


60 (41-73) 28-34 days 
post dose 1 
including 
some with 
dose 2 


—     


29 Angel et al.* 
(May 6, 2021) 


Israel Retrospective 
cohort  


6710 HCWs at a 
single tertiary 
care center in  


Alpha¶ Excluded BNT162b2 Symptomatic 89 (83-94) >7 days 
post dose 1 
to 7 days 
post dose 2 


97 (94-99) >7 days  


Asymptomatic 36 (-51-69) 86 (69-97)  



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/988193/Vaccine_surveillance_report_-_week_20.pdf

https://www.medrxiv.org/content/10.1101/2021.05.19.21257472v3

https://www.epicentro.iss.it/vaccini/pdf/report-valutazione-impatto-vaccinazione-covid-19-15-mag-2021.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7020e2.htm?s_cid=mm7020e2_e&ACSTrackingID=USCDC_921-DM57416&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20May%2014%2C%202021&deliveryName=USCDC_921-DM57416

https://www.bmj.com/content/373/bmj.n1088

https://www.bmj.com/content/373/bmj.n1088

https://jamanetwork.com/journals/jama/fullarticle/2779853
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28# Abu-Raddad et 
al.* (July 8, 
2021) 


Qatar Test-negative 
case-control  


Qatari adults  Alpha & 
Beta^ 


Unknown BNT162b2 CC Alpha 
documented 
infection 


65.5 (58.2-71.5) 15-21 days 90 (86-92) ≥14  


CC Alpha 
severe/fatal 
infection 


72 (32-90) 
 


100 (82-100)  


CC Beta 
documented 
infection 


46.5 (38.7-53.3) 
 


75 (71-79)  


CC Beta 
severe/fatal 
infection 


56.5 (0-82.8) 
 


100 (74-100)  


Retrospective 
cohort 


 Qatari adults Alpha & 
Beta^ 


Unknown BNT162b2 Cohort 
documented 
infection Alpha 


—    87 (82-91)  


Cohort 
documented 
infection Beta 


—    72 (66-77)  


27 Haas et al. * 
(May 5, 2021) 
[Update to Mar 
24 preprint] 


Israel  Retrospective 
cohort 


Israeli 
population ≥16 
years  


Alpha^ Excluded BNT162b2 Documented 
infection 


—    95.3  (94.9-
95.7) 


≥7 days  


Asymptomatic 
infection 


91.5 (90.7-92.2)  


Symptomatic 
infection 


97.0 (96.7-97.2)  


Hospitalization 97.2 (96.8-97.5)  
Severe/ critical 
hospitalization 


97.5 (97.1-97.8)  


Death 96.7 (96.0-97.3)  
26 Corchado-


Garcia et al.  
(April 30, 2021) 


USA Retrospective 
cohort 


24,145 adults in 
the Mayo Clinic 
Network 


Original  & 


Alpha¥ 


Excluded Ad26.COV2
.S 


Documented 
infection 


77 (30-95) ≥15  —     


25 Fabiani et al.* 
(Apr 29, 2021) 


Italy Retrospective 
cohort 


9,878 HCWs  Unknown Excluded BNT162b2 Documented 
infection 


84 (40-96) 14-21  95 (62-99) ≥7 days  


Symptomatic 
infection 


83 (15-97) 94 (51-99)  


24 Gras-Valenti et 
al.*(Apr 29, 
2021) 


Spain Case-control 268 HCWs Original & 
Alpha¥¥ 


Included BNT162b2 Documented 
infection 


53 (1-77) >12  —     


23 Tenforde et 


al.* 
(Apr 28, 2021) 


 


 


 


 


USA Test-negative 


case-control 


Hospitalized 
adults ≥65 
years  


Original and 
Alpha¥ 


Unknown BNT162b2 
& mRNA-
1273 
 


Hospitalization  64 (28-82)  
 


≥14 days 
post dose 1 
to 14 days 
post dose 2 


94 (49-99) ≥14 days   


22 Goldberg et al. 
(Apr 24, 2021) 


Israel Prospective 
cohort 


Original and 
Alpha^ 


Included BNT162b2 Documented 
infection 


58 (57-59) >14 days 
post dose 1 


93 (93-93)   



https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.nejm.org/doi/full/10.1056/NEJMc2104974

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00947-8/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.17.2100420

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://pubmed.ncbi.nlm.nih.gov/33913444/

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e1.htm?s_cid=mm7018e1_x

https://www.medrxiv.org/content/10.1101/2021.04.20.21255670v1
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5,600,000+  
individuals ≥16 
years 


Hospitalization 69 (68-71) to <7 days 
post dose 2 


94 (94-95) ≥7 days  
Severe disease 66 (63-69) 94 (94-95)  
Death 63 (58-67) 94 (93-95)  


21 Pritchard et 
al.*  
(Jun 9, 2021) 
[Update to Apr 
23 preprint] 


UK Prospective 
cohort 


373,402 
individuals ≥16 
years 


Alpha & 
Original^ 


Excluded BNT162b2 Documented 
infection 


66 (60-71) ≥21  80 (74-85) ≥0 days  


Symptomatic 
disease 


78 (72-83) 95 (91-98)  


AZD1222 Documented 
infection 


61 (54-68) 79 (65-88) 
 


 


Symptomatic 
disease 


71 (62-78) 92 (78-97)  


20 Vasileiou et al.* 
(Apr 23, 2021)  
[Update to Feb 
21 preprint] 


UK – 
Scotland   


Prospective 
Cohort  
(Person-time) 


Scotland 
population: 5.4 
million 


Original & 
Alpha£   


 
Excluded 


 
BNT162b2 
 
 


Hospitalization 91 (85-94) 28-34  —     


AZD1222 Hospitalization 88 (75-94) 28-34   


19 Hall et al.* 
(Apr 23, 2021) 
[Update to Feb 
21 preprint] 


UK – SIREN 
study 


Prospective 
Cohort  
(Person-time) 


23,324 
healthcare 
workers 


Alpha^  Excluded BNT162b2   Documented 
infection 


72 (58-86) ≥21  86 (76-97) ≥7  


18 Mason et al.  
(Apr 22, 2021) 


UK - England Case-control 170,226 80-83 
year-olds  
 


Alpha^ Excluded BNT162b2 
 


Documented 
infection4 


55 (40-66) 21-27 70 (55- 80) 35-41  


Hospitalization4 50 (19-69) 21-27 75 (52-87) 35-41  


17 Bjork et al.  
(Apr 21, 2021) 


Sweden  Retrospective 
cohort  


805,741 
Swedish adults 
aged 18-64 
years 


Original & 
Alpha^ 


Unknown BNT162b2 Documented 
infection  


42 (14-63) ≥14 86 (72-94) ≥7  


16 Araos, Rafaele 
(Apr 16, 2021) 
 


Chile  Retrospective 
cohort 


10,500,000 
individuals >16 
years under the 
national health 
fund 
 


Original, 
Gamma, and 
Alpha££ 


Unknown CoronaVac Symptomatic 
infection  


16 (14-18) ≥14 67 (65-69) ≥14  


Hospitalization 37 (32-39) ≥14 85 (83-87) ≥14  


ICU admission 43 (37-43) ≥14 89 (85-92) ≥14  


Death 40 (33-47) ≥14 80 (73-86) ≥14  


15 Glampson et 
al.*  
(Jul 15, 2021) 
[Update to Apr 
10 preprint] 


UK Retrospective 
cohort 


2 million adults 
>16 in  
Northwest 
London 


Alpha^ 
 


Included BNT162b2 Documented 
infection 


78 (73-82) 22-28 —     


AZD1222 Documented 
infection 


74 (65-81) 22-28 


14 Andrejko et 
al.*  
(Jul 20, 2021) 


USA Test-negative 
case control  


1023 California 
adults ≥18 
years 


B.1.427/ 
B.1.429 & 
Alpha^ 


Excluded  BNT162b2 
& mRNA-
1273 


Documented 
infection 


66.9 (28.7--
84.6) 
 


≥15 87.4 (77.2-93.1) 
 


≥15 ~14 weeks 


Asymptomatic 
infection 


—    68.3 (27.9-85.7) ≥15 



https://www.nature.com/articles/s41591-021-01410-w

https://www.nature.com/articles/s41591-021-01410-w

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00677-2/fulltext

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00790-X/fulltext

https://www.medrxiv.org/content/10.1101/2021.04.19.21255461v1

https://www.medrxiv.org/content/10.1101/2021.04.20.21254636v1

https://www.minsal.cl/wp-content/uploads/2021/04/Effectiveness-of-the-inactivated-CoronaVac-vaccine-against-SARS-CoV-2-in-Chile.pdf

https://preprints.jmir.org/preprint/30010/accepted

https://preprints.jmir.org/preprint/30010/accepted

https://doi.org/10.1093/cid/ciab640

https://doi.org/10.1093/cid/ciab640
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[update to  
May 25 
preprint] 


Symptomatic 
infection 


—    91.3 (79.3-96.3) ≥15 


Hospitalization  —    100 ≥15 


BNT162b2 Documented 
infection 


—    87.0 (68.6-94.6) ≥15 


mRNA-
1273 


Documented 
infection 


—    86.2 (68.4-93.9) ≥15 


13 Regev-Yochay 
et al.* 
( July 7,2021) 
[Update to 
April 9 preprint] 


Israel  Prospective 
cohort 


3578 HCWs in 
one Israeli 
health system  


Alpha¶ Included BNT162b2 Asymptomatic 
infection  


—    65 (45-79) ≥11  


Asymptomatic 
infection 
presumed 
infectious (Ct< 30) 


70 (43-84) ≥11  


Symptomatic 
infection 


90 (84-94) ≥11  


Symptomatic 
infection 
presumed 
infectious (CT<30)  


88 (80-94) ≥11  


12 Bouton et al.  
(Mar 30, 2021) 


USA – MA Prospective 
Cohort 


10,950 
healthcare 
workers in 
Boston 


Original^ included BNT162b2 
& mRNA-
1273 


Documented 
infection 


82 (68-90) >14 days post dose 1 including some with dose 2 starting 
day 0 


 


11 Thompson et 
al.* 
(Mar 29, 2021) 


USA Prospective 
cohort 


3,950 
healthcare 
workers in 
eight US sites 


Original¥ excluded BNT162b2 
&  
mRNA1273 


Documented 
infection 


80 (59-90) ≥14 90 (68-97) ≥14  


10 Shrotri et al.* 
(Jun 23, 2021) 
[Update to Mar 
26 preprint] 


UK Prospective 
cohort 


10,412 care 
home residents 
aged ≥65 years 
from 310 LTCFs 
in England 


Original and 
Alpha^ 


Stratified BNT162b2 Documented 
infection  


65 (29-83) 35-48 —     


AZD1222 Documented 
infection  


68 (34-85) 35-48  


9 Public Health 
England – 
March  
(Mar 17, 2021) 


UK - England Test Negative 
Case-Control 


Adults in 
England over 
70 years 


Alpha^ 
 


? BNT162b2 Symptomatic 
infection  


58 (49-65) ≥28 —     


AZD1222 Symptomatic 
infection  


58 (38-72) ≥35  


Retrospective 
Cohort 


Adults in 
England over 
80 years  


Included BNT162b2 Hospitalization1 42 (32-51) ≥14 —     


 


Death1 54 (41-64) ≥14  


AZD1222 Hospitalization1 35 (4-56) 14-21  


8 Yelin et al. 
(Mar 17, 2021)  


Israel – 
Maccabi 
System 


Retrospective 
Cohort  


1.79 million 
enrollees, 
adults <90 
years 


Alpha^ excluded  BNT162b2 Documented 
infection 


91 (89-93) ≥35 days post dose 1 most with dose 2   


Symptomatic 
infection 


99 (95-99) ≥35 days post dose 1 most with dose 2  


7 Britton et al.* 
(Mar 15, 2021) 


USA – CT Retrospective 
Cohort  


463 residents 
of two skilled 


Original¥ stratified BNT162b2 Include Hx of 
COVID: 


63 (33-79) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 



https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S2666776221001277?via%3Dihub

https://www.medrxiv.org/content/10.1101/2021.03.30.21254655v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm?s_cid=mm7013e3_e&ACSTrackingID=USCDC_921-DM53321&ACSTrackingLabel=MMWR%20Early%20Release%20-%20Vol.%2070%2C%20March%2029%2C%202021&deliveryName=USCDC_921-DM53321

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00289-9/fulltext

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/971017/SP_PH__VE_report_20210317_CC_JLB.pdf

https://www.medrxiv.org/content/10.1101/2021.03.16.21253686v1.full.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w

https://www.cdc.gov/mmwr/volumes/70/wr/mm7011e3.htm?s_cid=mm7011e3_w
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Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
¶¶Denmark logs more contagious COVID variant in 45% of positive tests | Reuters 


nursing 
facilities 
experiencing 
outbreaks 


Documented 
infection 


Exclude Hx of 
COVID:  
Documented 
infection 


60 (30-77) ≥14 days post dose 1 including some with dose 2 through 
day 7 


 


6 Tande et al.* 
(Mar 11, 2021) 


USA – Mayo 
Clinic 


Retrospective 
Cohort 


Asymptomatic 
screening of 
39,156 
patients: pre-
surgical, pre-op 
PCR tests 


original¥ included BNT162b2 
& mRNA-
1273 


Asymptomatic 
infection 


79 (63-88) 
>10 days post dose 1, including 
some with dose 2  


80 (56-91) >0  


BNT162b2 Asymptomatic 
infection 


79 (62-89) >10  80 (56-91) >0  


5 Mousten-
Helms et al.  
(Mar 9, 2021) 


Denmark Retrospective 
Cohort 


Long term care 
facilities in 
Denmark - 
39,040 
residents, 
331,039 staff 


original & 
Alpha¶¶ 


excluded BNT162b2 LTCF Resident: 
Documented 
Infection 


21 (-11-44) >14 64 (14-84) >7  


LTCF Staff: 
Documented 
Infection 


17 (4-28) >14 90 (82-95) >7  


4 Hyams et al.* 
(Jun 23, 2021) 
[Update to Mar 
3 preprint] 


UK – 
University of 
Bristol  


Test Negative 
Case-Control 


466 tests:  >80 
years 
hospitalized 
with respiratory 
symptoms  


Alpha£ included BNT162b2 Hospitalization 79 (47-93) >14 —     


AZD1222 Hospitalization 80 (36-95) >14  


3 Dagan et al.* 
(Feb. 24, 2021) 


Israel – Clalit 
Health 
System 


Retrospective 
Cohort 


596,618 – 
matched on 
demographics, 
residence, 
clinical 
characteristics 


original & 
Alpha^  


excluded BNT162b2 Documented 
infection 


46 (40-51) 14-21  92 (88-95) >7   


Symptomatic 
infection 


57 (50-63) 14-21  94 (87-98) >7   


Hospitalization 74 (56-86) 14-21 87 (55-100) >7   


Severe disease 62 (39-80) 14-21 92 (75-100) >7   


2 Public Health 
England – Feb. 
(Feb. 22, 2021) 


UK - England Screening 
Method 


43,294 cases, 
with England as 
source 
population 


Alpha^ included BNT162b2 Over 80 years: 
Symptomatic 
infection 


57 (48-63) >28  88 (84-90) 7   


1 Amit et al.* 
(Feb 18, 2021) 


Israel Prospective 
Cohort 


9,109 
healthcare 
workers 


original & 
Alpha¶ 


excluded BNT162b2 Documented 
infection 


75 (72-84) ≥15 days  post dose 1 including some with dose 2 through 
day 7 


 


Symptomatic 
infection 


85 (71-92) ≥15 days  post dose 1 including some with dose 2 through 
day 7 
 


 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://www.reuters.com/article/us-health-coronavirus-denmark/denmark-logs-more-contagious-covid-variant-in-45-of-positive-tests-idUSKBN2AG1H0

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab229/6167855

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.03.08.21252200v1.full.pdf

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(21)00330-3/fulltext

https://www.nejm.org/doi/10.1056/NEJMoa2101765

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/963532/COVID-19_vaccine_effectiveness_surveillance_report_February_2021_FINAL.pdf

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2900448-7
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¥¥COVID variant first detected in UK now dominant strain in Spain 
££Reporte-circulacion-variantes-al-9.04.21-PUBLICADO-FINAL.pdf (minsal.cl) 
ⴕⴕBased on https://outbreak.info/location-reports  
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data 
# Manuscripts that are cited in the WHO COVID-19 Weekly Epidemiological Updates (see Special Focus Update on SARS-CoV-2 Variants of Interest and Variants of Concern, Table 3, included in every 
other Weekly Epidemiological Update): https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports.  


1.1  Inclusion criteria for VE studies 


Note: All VE studies now must meet these criteria to be in the VE table: 
• Published or preprint studies (not press release, presentations, media) 
• Must have confidence intervals around VE, except in instances where it is not possible to calculate 


 • Needs to include persons with & without infection or disease and with and without vaccination (ie a proper comparison group). This 
excludes case only studies (e.g., impact studies, risk of progression to severe disease (i.e. PHE)).   


• No modeled comparison group nor comparison to historical cohort 
 • The study design should account for confounding and/or VE estimate should be adjusted or state adjustment made no difference 
• Outcomes must be lab confirmed, not syndromic 
• At least 90% of participants must have documented vaccination status rather than relying on recall 


 • VE must be for one vaccine, not for >1 vaccine combined (with exception for studies accessing Pfizer + Moderna vaccines and studies 
of heterologous schedules, but all participants included in a VE estimate should receive same brands of vaccines in the same order 


• No significant bias that likely affects results  
• Cannot include day 0-12 in unvaccinated definition 
• Cannot compare to early post vaccination to calculate VE (e.g. day 0-12 vs day 12-21) 


 
1.2  VE Studies that do not meet criteria are listed below in case of interest: 


1. Hunter P and Brainard J. Estimating the effectiveness of the Pfizer COVID-19 BNT162b2 vaccine after a single dose. A reanalysis of a 


study of 'real-world’ vaccination outcomes from Israel. medRxiv. Published online 2021:2021.02.01.21250957. doi: 


10.1101/2021.02.01.21250957 


2. Institut National de Santé Publique du Québec. Preliminary Data on Vaccine Effectiveness and Supplementary Opinion on the Strategy 


for Vaccination Against COVID-19 in Quebec in a Context of Shortage. Gouvernement du Québec. 2021:Publication No 3111. Available 


at: https://www.inspq.qc.ca/sites/default/files/publications/3111-vaccine-effectiveness-strategy-vaccination-shortage-covid19.pdf.  


3. Weekes M, Jones NK, Rivett L, et al. Single-dose BNT162b2 vaccine protects against asymptomatic SARS-CoV-2 infection. Authorea. 


Published online Feb 24, 2021. doi: 10.22541/au.161420511.12987747/v1 


4. Aran D. Estimating real-world COVID-19 vaccine effectiveness in Israel using aggregated counts. Published online Mar 4, 2021. 


Available at: https://github.com/dviraran/covid_analyses/blob/master/Aran_letter.pdf.  


5. Shah ASV, Gribben C, Bishop J, et al. Effect of vaccination on transmission of COVID-19: an observational study in healthcare workers 


and their households. medRxiv. Published online 2021:2021.03.11.21253275. doi: 10.1101/2021.03.11.21253275 



https://english.elpais.com/society/2021-03-25/covid-variant-first-detected-in-uk-now-dominant-strain-in-spain.html

https://www.minsal.cl/wp-content/uploads/2021/04/Reporte-circulacion-variantes-al-9.04.21-PUBLICADO-FINAL.pdf

https://outbreak.info/location-reports

https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports

https://www.inspq.qc.ca/sites/default/files/publications/3111-vaccine-effectiveness-strategy-vaccination-shortage-covid19.pdf

https://github.com/dviraran/covid_analyses/blob/master/Aran_letter.pdf
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care facilities in Spain. medRxiv. Published online 2021:2021.04.08.21255055 doi: 10.1101/2021.04.08.21255055 


7. Vahidy FS, Pischel L, Tano ME, et al. Real World Effectiveness of COVID-19 mRNA Vaccines against Hospitalizations and Deaths in the 


United States. medRxiv. Published online 2021:2021.04.21.21255873 doi: 10.1101/2021.04.21.21255873 


8. Swift MD, Breeher LE, Tande AJ, et al. Effectiveness of Messenger RNA Coronavirus Disease 2019 (COVID-19) Vaccines Against Severe 


Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection in a Cohort of Healthcare Personnel. Clin Inf Dis. Published online 
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app in the UK: a prospective observational study. Lancet Infect Dis. 2021; 21; 939-49. Published online April 27, 2021. doi: 
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2. Duration of Protection Studies 


 
These are studies that assess duration of protection criteria as outlined above along with those studies that do not meet aforementioned criteria 


that are relevant to evaluating duration of protection. Some of these studies are also in the above table but duplicated here for ease.  


We would like to highlight 


• It is currently challenging to disentangle any apparent reduction in VE over time due to waning immunity from reduction due to immune 


escape by the Delta variant.   


• Countries have implemented different dose intervals and vaccination strategies that can make comparisons across studies challenging.  


• Persons who are vaccinated early in a program are different than those who are vaccinated later.  For example, many who were 


vaccinated early were those at highest risk, and this could confound the results.  Some of the older individuals also might have some 


degree of immunosenescence.  


 
# Reference (date) Country Population Dominant 


Variants 
Vaccine product Study Period Descriptive Findings 


10 Pouwels et al 
(August 19, 2021) 


UK General adult 
population 


Alpha, Delta BNT162b2 
mRNA-1273 
 


December 1, 2020-
August 1, 2020 


COVID-19 infection survey is a household longitudinal survey with testing.  During the delta 
dominant period, in those 18 to 64 years, VE of BNT162b2 against new PCR-positives reduced by 
22% (95% CI 6% to 41%) for every 30 days from second vaccination. Reductions were numerically 
smaller for ChAdOx1 (change -7% per 30 days, 95% CI -18% to +2%) but there was no formal 
evidence of heterogeneity (p=0.14). 


 
 


9 Tendorde et al  
(August 18, 2021) 


USA Hospitalized patients Alpha > Delta BNT162b2 
mRNA-1273 


March 11-July 14, 
2021 


Test-negative design case control study of hospitalized patients. VE against COVID-19– associated 
hospitalization was 86% (95% CI = 82%–90%) 2–12 weeks and 84% (95% CI = 77%–90%) 13–24 
weeks from receipt of the 2nd dose, with no significant change between these periods (p = 0.854).  
There was no difference in VE by timing since vaccine among those ≥/< 65 years, 
immunocompromised versus not and among those with ≥/< 3 chronic conditions.  
 



https://www.ndm.ox.ac.uk/files/coronavirus/covid-19-infection-survey/finalfinalcombinedve20210816.pdf

https://www.cdc.gov/mmwr/volumes/70/wr/mm7034e2.htm?s_cid=mm7034e2_w
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8 Yassi et al 


(July 16, 2021) 
Canada HCWs in Vancouver Alpha/Gamma BNT162b2 


mRNA-1273  
December 15-May 
13, 2021 


Retrospective cohort study of HCWs linking administrative databases.  At 16 weeks (day 112) post 
dose 1 and 2 they don’t see a decline in VE. Note that day 0-13 post dose 1 is included in the 
unvaccinated comparison group.  


 
7 Chemaitelly et al  


(August 9, 2021) 
Qatar Immunosuppressed 


kidney transplant 
patients 


Alpha/Beta BNT162b2 
mRNA-1273  
 


February 1-July 21, 
2021 


Retrospective cohort study finding VE against infection was 73.9% (95% CI: 33.0-89.9%) at day 56+ 
post dose 2; VE against severe/critical/fatal disease was 83.8% (95% CI: 31.3-96.2) at day 56+ post 
dose 2. 


6 Carazo et al 
(July 22, 2021) 


Canada HCWs in Quebec Alpha BNT162b2 
mRNA-1273  
 


January 17-June 5, 
2021 


This is a test-negative case control linking surveillance and vaccination data from administrative 
databases for HCWs.  Across 16 weeks, no decline in single-dose VE against infection was observed 
with appropriate stratification based upon prioritized vaccination determined by higher versus 
lower likelihood of direct patient contact. 



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254920

https://www.medrxiv.org/content/10.1101/2021.08.07.21261578v1

https://doi.org/10.1101/2021.07.19.21260445
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5 Amirthalingam et 
al (July 28, 2021) 


UK 50+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222 


January 4-June 18, 
2021 


This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  In summary, VE against disease potentially declines post dose 1 at day 
70+ for AZD1222 and at day 56+ for BNT162b2 but there are wide/overlapping confidence 
intervals making conclusions challenging.  Higher two-dose VE was observed with > 6-week 
intervals between BNT162b2 doses compared to the authorized 3-week schedule, including ≥ 80-
year-olds. (This paper also includes information on GMTs at different time points post vaccination.)  


 


 



https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1

https://www.medrxiv.org/content/10.1101/2021.07.26.21261140v1
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4 Public Health 
England Week 20 
(May 20, 2021) 


UK 65+ year old 
population 


Alpha/Delta BNT162b2 
AZD1222  


December-May 2021 This is a test-negative case control study linking surveillance and vaccination data from 
administrative databases.  Comparisons for the first dose are made to unvaccinated, while 
comparisons for the second dose are made to 4-13 days post dose 2 to account for underlying 
differential risk between unvaccinated and vaccinated groups. AZD1222 post dose 1 not have any 
evidence of waning, while for BNT162b2 there is a slight increase in the odds of symptomatic 
disease at day 70+. 
 


  
 



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/990089/Vaccine_surveillance_report_-_week_20.pdf





     


31 | P a g e  
 


 
 


3 Italian Instituo 
Superiore di 
Sanita 
(July 30, 2021) 


Italy Italian general adult 
population with at 
least 1 dose of vaccine 


Alpha BNT162b2 
AZD1222  
mRNA-1273  
Ad26.COV2.S 


December 27, 2020-
July 14, 2021 


This study linked Italy’s national vaccination registry with their surveillance data.  For each of the 
outcomes evaluated, a multivariable negative binomial model was used to estimate the incidence 
rate ratio at different time intervals post dose 1 and 2, compared to the time period of 0-14 days 
after the first dose.  VE is preserved against infection post complete vaccination for BNT162b2 at 
day 147-154, for mRNA-1273 at day 126-133, for AZD1222 at day 49-56, and for Ad26.COV2.S at 
day 49-56.  VE against hospitalization, ICU admission, and mortality also do not change significantly 
over time.   
 


 
 


2 Israel et al 
(August 5, 2021) 


Israel All fully vaccinated 
persons enrolled in 
Leumit Health Services  


Delta BNT162b2  May 15-July 26, 2021 There was a significantly higher rate of positive results among patients who received their second 
vaccine dose at least 146 days before the RT-PCR test compared to patients who have received 
their vaccine less than 146 days before: adjusted odds ratio for infection was 2.76 (95% CI 1.62-
3.08) for ≥ 60-year-old patients; 2.22 (95% CI 1.62-3.08) for patients 40-59-years; and 1.67 (95% CI 
1.21-2.29) for 18-39 year old patients. 



https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

https://www.epicentro.iss.it/vaccini/covid-19-report-valutazione-vaccinazione

http://medrxiv.org/content/early/2021/08/05/2021.08.03.21261496.abstract
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1 Lotan et al  
(July 31, 2021) 


Israel 16+ year olds enrolled 
at Maccabi Health 
Services 


Delta BNT162b2  June 1-July 27, 2021 The study compared the rate of breakthrough infection during June and July, when Delta was the 
dominant strain, between individuals who received 2 doses of the vaccine earlier this year to 
individuals who received two doses of the vaccine more recently, while adjusting for confounders. 
The authors report that persons vaccinated between January and February 2021 had a 53% (95% 
CI: 40-68%) increased risk of breakthrough infection in June and July compared to individuals 
vaccinated between March and April 2021.  There was no difference by age groups 16-39, 40-59, 
≥60 years. No unvaccinated persons were included in the study; thus, vaccine effectiveness was 
not evaluated 


 


  



https://www.medrxiv.org/content/10.1101/2021.07.29.21261317v1





     


33 | P a g e  
 


3. Summary of Study Results for Post-Authorization COVID-19 Vaccine Effectiveness Against Transmission§ 
# Reference 


(date) 
Country Design Population Dominant 


Variants 
(Alpha=B.1.1.7 
Beta=B.1351 
Gamma=P.1 
Delta=B.1617.2 


History 
of COVID 


Vaccine Product Outcome 
Measure 


1st Dose VE % 
(95%CI) 


Days post 1st 
dose 


2nd Dose VE % 
(95% CI) 


Days post 2nd 
dose 


Max 
Duration 
of follow 
up after 
fully 
vaccinated  


6 de Gier et 
al* (August 
5, 2021) 


Netherlands Retrospective 
cohort 


113,582 index 
cases (aged 
18+) and 
253,168 
household 
and other 
close contacts 
(all ages) 


Alpha^ Unknown AZD1222 Transmission to 
any  household 
contacts 
(adjusted for 
contact 
vaccination 
status)  


15 (4-26) 14+‡ 58 (−12-84) 7+ ~15 weeks 


BNT162b2 26 (12-37) 70 (61-77) 


mRNA-1273 51 (8-74) 88 (50-97) 


Ad26.COV2.S 77 (6-94) —   


5 Layan, 
Gilboa et al 
(July 
16,2021) 


Israel  Prospective 
cohort  


215 index 
cases and 687 
household 
contacts from 
210 Israeli 
households 


 


Original and 
Alpha¶ 


Included  BNT162b2 Transmission to 
HHC by 
vaccinated vs. 
unvaccinated 
cases 


—    78(30-94) 7+ ~12 weeks 


4 Prunas et al 
(July 16, 
2021) 


Israel Retrospective 
cohort 


253,564 Israeli 


individuals 


from 65,264 


households 


with at least 1 


infected 


individual and 


at least 2 


members 


Original and 
Alpha¶  


Unknown  BNT162b2 Infectiousness 
given Infection  


—   —   41.3(9.5-73.0) 10+  


Transmission  88.5(82.3-94.8) 


3 Harris et 
al* 
(June 23, 
2021) 
[Update to 
Apr 28 
preprint] 


UK Retrospective 
cohort, case-
control 


970,128 


household 


contacts of 


index case 


(unvaccinated, 


vaccinated 


with AZD1222 


or BNT162b) 


Alpha£ Unknown  AZD1222 Documented 
infection 


48(38-57) >21 days after 
dose 1, including 
some with dose 2 


—     


BNT162b2 46(38-53 


2 Salo et al 
(July 10, 
2021) 


Finland Retrospective 
cohort 


Alphaⴕⴕ Excluded BNT162b2 & 
mRNA-1273 


Documented 
infection in 
HCW’s 


8.7 (-28.9-
35.4) 
 


2 weeks —    *10 weeks 
since dose 
1 



https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.31.2100640

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.12.21260377v1

https://www.medrxiv.org/content/10.1101/2021.07.13.21260393v1

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.nejm.org/doi/pdf/10.1056/NEJMc2107717?articleTools=true

https://www.medrxiv.org/content/10.1101/2021.05.27.21257896v2.full
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[Update to 
May 30 
preprint] 


HCW and their 


unvaccinated 


spouses 


unvaccinated 
spouses  


Documented 
infection in 
HCW’s 
unvaccinated 
spouses 


42.9 (22.3-
58.1) 
 


10 weeks (combo 
of 1+2 dose 
recipients) 


—    


1 Shah et al.  
(Mar 11, 
2021) 


UK - 
Scotland  


Retrospective 
Cohort 


144,525 


healthcare 


workers 


(HCWs) and 


194,362 


household 


members 


original & 


Alpha£ 


excluded  BNT162b2 & 
AZD1222 


Household 
members of 
HCWs: 
Documented 
infection2  


30 (22-37) ≥14 54 (30-70) ≥14  


§Study results captured during literature search of vaccine effectiveness studies. Note this is not an exhaustive list of transmission studies. 
Purple text indicates new or updated study. 
Product Manufacturers: BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD1222 (Astra-Zeneca), Ad26.COV2.S (Janssen), Coronavac 
±Unless noted otherwise, days post 1st dose are prior to receiving dose 2. 


‡Unclear if 1st dose VE estimates includes any individuals who received a second dose. 
*Manuscripts with an asterisk (*) are peer-reviewed publications.  
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports



https://www.medrxiv.org/content/10.1101/2021.03.11.21253275v1

https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports
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 4. Vaccine Impact: Summary of Ecologic Study Results for Post-Authorization COVID-19 Vaccine Products# 


# Reference (date) Country Design Population 
Dominant 
Variants Vaccine Product Descriptive Findings 


48 Escobar-Agreda et 
al (August 5, 2021) 


Peru Survival analysis 998,295 adults aged 
18-59 with SARS-CoV-2 
infection in Peru 


Non-VOCⴕⴕ Sinopharm This study assessed the survival of healthcare workers 
(HCWs) infected with SARS-CoV-2 in periods before 
and after vaccination by comparing the hazard of 
death in the second wave of SARS-CoV-2 transmission 
(2021, just before and during vaccination) to the first 
wave (2020, pre-vaccination). At the start of the 
second wave (before vaccination), the hazard of death 
among infected HCW was twice the hazard of death in 
the first wave (HR=2). After vaccination began in 
February, the hazard ratio decreased over time, 
reaching 0.125 as of 3.5 months after the start of 
vaccination among HCW. The authors also compared 
survival among infected HCW to survival of infected 
members of the general population (who were 
unvaccinated at the time) during the second wave.  
Survival was greater among infected HCW than those 
infected in the general population, particularly starting 
14 days after the administration of dose 2 among HCW 
began (March 15 onward).   


47 Banho et al 
(July 31,2021) 


Brazil  Retrospective cohort 
 


Residents of São José 
do Rio Preto, northeast 
region of the state of 
São Paulo  


 
 


Gamma AZD1222 and 
CoronaVac 


This retrospective study was conducted between 
October 2020 to June 2021 to report the spread of the 
P.1(Gamma) variant in São José do Rio Preto, Brazil, 
and study the association of the Gamma variant with a 
change in the epidemiological profile, with increased 
numbers of severe COVID-19 cases and deaths, 
especially in the unvaccinated population. Following 
P.1 introduction, a rapid increase in prevalence was 
observed, reaching more than 96% of the sequenced 
genomes from March to June. There was a marked 
increase in mortality as variant P.1 became dominant 
increasing by 162% (95% CI: 127, 214) when comparing 
July-September 2020 to March-April 2021. Vaccination 
with CoronaVac vaccine and AstraZeneca was 
associated with a moderate reduction in the number 
of cases (best-fit slope – 0.21, 95% CI: –0.03, –0.39). 
However, it was associated with a pronounced 
reduction in severe cases (–0.55, 95% CI: –0.34, –0.76) 
and deaths (–0.58, 95% CI: –0.39, –0.77) 



https://www.medrxiv.org/content/10.1101/2021.08.03.21260614v1

https://www.medrxiv.org/content/10.1101/2021.08.03.21260614v1

https://www.medrxiv.org/content/10.1101/2021.07.28.21261228v1.full.pdf
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46 Feder et al (August 
1, 2021) 


USA Retrospective cohort 
 


9,048 specimens 
representing 89% of 
Maryland residents 


E484K and 
L452R 
mutations 
 


BNT162b2, mRNA-
1273, and 
Ad26.COV2.S 
 


This study estimated the prevalence of infections in 
fully vaccinated individuals (14+ days after final 
scheduled dose of COVID-19 vaccine) and association 
with infections caused by E484K mutations to those 
not carrying E484K, between infections caused by 
viruses carrying L452R to those not carrying L452R. In 
adjusted analysis, the E484K substitution was 
associated with an increase in the odds of the 
sequenced specimen being collected from a fully 
vaccinated person (OR 1.96, 95% CI, 1.36 to 2.83). The 
L452R mutation was not significantly associated with 
infections in vaccinated persons (OR 1.07, 95% CI, 0.69 
to 1.68). 


45 Pezzotti et al  
(July 27, 2021) 


Italy Retrospective cohort 
 


General population  Unknown  BNT162b2, mRNA-
1273, AZD1222, 
Ad26.COV2.S 
 


This study was undertaken by obtaining data from the 
National Vaccination Registry of the Ministry of Health 
for Italy, and included all Italian persons receiving one 
dose of any authorized COVID-19 vaccine from 27the 
December, 2020. The study estimated the incidence 
rate of SARS-CoV-2 infection and subsequent 
hospitalizations, admission to an ICU, and death. It is 
observed that the the incidence of COVID-19 
diagnoses declined from 1.19 per 10,000 person-days 
in the first 14 days after the first dose to 0.28 in 
completely vaccinated persons. The hospitalization 
rate in vaccinated persons before 16 May 2021 
decreased from 0.27 per 10,000 person-days in the 
first 14 days after the first dose to 0.03 in those 
completely vaccinated. The mortality rate in 
vaccinated persons before 16 May 2021 varied from 
0.08 per 10,000 person-days in the first 14 days after 
the first dose to 0.01 in completely vaccinated 
persons. 


44 Núñez López et al 
(July 27, 2021) 


 


Spain Prospective cohort 8329 HCW from La Paz 
University Hospital in 
Madrid 


Non-VOC, 


Alphaⴕⴕ 


BNT162b2 This prospective observational study was conducted 
between January 12, 2020 and July 3, 2021, comparing 
the incidence and prevalence of COVID-19 infections 
among HCW from the hospital before and after 
vaccination of the cohort. Vaccination occurred 
between January 10-19, 2021 (dose 1) and February 1-
9 (dose 2) for about 90% of the HCW. Starting about 2 
weeks after the first round of vaccinations, daily 
incidence of COVID-19 among HCW dropped 
substantially and reached 0 as of 8 days after the 
administration period of the second dose. Further 
positive cases among HCW during the study period 
occurred only among partially vaccinated or 
unvaccinated HCWs, and were minimal. Additionally, 
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prior to vaccination of HCWs, the trend in the 
prevalence of COVID-19 infection among HCWs was 
approximately parallel to the trend in the prevalence 
of COVID-19 patients hospitalized in the same hospital. 
As of two weeks after the first round of vaccination, 
the curves began to diverge.  


43 Bobdey et al (July 
26, 2021) 


India Retrospective cohort 3196 employees and 
students of a tertiary 
care institute in 
Maharashtra 


Non-VOC, 


Deltaⴕⴕ 


AZD1222 (SII) One analysis in this study compared the secondary 
attack rates of COVID-19 among High Risk Contacts of 
cases during the pre-vaccination period (Jun-Oct 2020) 
versus during the post-vaccination study period (1 Feb-
25 April, 2021). High Risk Contacts included people 
from the institute who live in the same dormitory and 
use the same bathrooms as confirmed cases. There 
were three cases from three different dormitories 
during the study period considered for the analysis. 
Two secondary cases occurred, resulting in a 
Secondary Attack Rate (SAR) of 4.25% during the post-
vaccination period, significantly lower than the SAR of 
21.42% in the pre-vaccination period (p<0.05).  


42 Rubin et al (July 23, 
2021) 
 


USA Prospective cohort 10,700 district 
employees in 
Philadelphia 


Alpha BNT162b2 
 


This study was conducted in the School District of 
Philadelphia to assess the percentage of positive Rapid 
Antigen test reports in staff members following 


vaccination with BNT162b2. Weekly SARS-CoV-2 


antigen screening tests required of all employees 
returning for in-school instruction in the School District 
of Philadelphia found a 95% lower percentage of 
positive test results among persons who reported 
receipt of 2 doses of COVID-19 mRNA vaccine (0.09%) 
than among those who were unvaccinated (1.77%). 


41 Pastorino et al (July 
23, 2021) 


Multiple Ecologic  General population 
from 40 countries  


Unknown  Not specified  This study collected data on COVID-19 deaths reported 
from countries that had publicly available age-
stratified data till end of May,2021 to estimate the 
proportion of COVID-19 deaths in the age group 0-69 
compared to two pre-vaccination control periods. In 
total, 40 countries were included for the analysis. The 
proportions of COVID-19 deaths that occurred in 
people 0-69 years old were relatively lower in high-
income countries. The data showed that the use of 
COVID-19 vaccines was associated with a marked 
change in the age distribution of COVID-19 deaths in 
the first 5 months of 2021 


40 Mor et al (July 
23,2021) 


Israel  Retrospective cohort 596 cases and 2515 
controls  


Beta  BNT162b2 This study was undertaken from information retrieved 
from the Israeli Ministry of Health database, and 
included vaccinated and unvaccinated cases that were 
positive for either the B.1.1.7 variant or B.1.351 
variant.  The matching was done with one single 
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vaccinated case matched to one or up to 10 
unvaccinated cases on a number of key variables. The 
study calculated the VE against Beta variant, assuming 
that the vaccine efficacy against the Alpha variant is 
95%. The VE against the beta variant was estimated to 
be 93%(CI: 87%-97%).  


39 Alencar et al (July 
13,2021) 


Brazil  Retrospective cohort 313,328 elderly 
people(75+) from 
Ceara, north-east Brazil 


Unknown AZD1222 and 
CoronaVac 


This study used data from National Mortality System 
(SIM) and from the Immunization Program (SIPNI) 
between 17 January and 11 May 2021, for people aged 
75 years and above to evaluate the impact of COVID-
19 vaccinations on reducing the total number of 
deaths. The mortality rate among the unvaccinated 
elderly was more than 132 times higher, as compared 
to those who had received two doses of a vaccine, 
with a protection ratio for deaths of 99.2%. 


38 Visci et al 
(July 20,2021) 


Italy Retrospective cohort 20,109 HCWs and 
4,474,292 residents  


Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study included HCWs in Italy 
from March 9, 2020 to April 4, 2021. The study aimed 
to assess the patterns of SARS-CoV-2 infections in 
HCWs compared to the general population and to 
evaluate the impact of vaccination. In order to 
calculate the change in test positivity ratios amongst 
the general population and HCWs for each week, the 
authors conducted Joinpoint analyses. The results 
show a significant decrease in the ratio of positive 
tests in the general population from the end of 
January and amongst HCWs from the end of December 
2020, indicating the impact of vaccination. 


37 Mateo-Urdiales et 
al  
(July 7,2021) 


Italy  Retrospective cohort Healthcare workers Unknown BNT162b2 
(majority) and 
mRNA-1273 and  
AZD1222(limited) 
 


This retrospective cohort study was undertaken to 
describe the impact of vaccination on SARS-CoV-2 
infections among HCWs aged 20-65 years. From 21st of 
December to 28th March, 2,977,506 doses of vaccines 
were administered in the study population. The total 
proportion of cases and symptomatic cases reported 
amongst HCWs, after adjusting, showed a sustained 
decrease beginning approximately one month after 
vaccination started. By the end of March 2021, there 
was a 74% reduction in the proportion of all cases 
amongst HCWs and an 81% reduction in the 
proportion of symptomatic cases amongst HCWs 
compared to September 2020. 


36 Waldman et al* 
(July 21, 2021) 


USA Retrospective cohort 16,156 faculty, 
students, and staff at 
an academic medical 
center 


Original and 


Alpha ⴕⴕ 


BNT162b2 and 
mRNA-1273 


This retrospective cohort study assessed the impact of 
vaccination on the incidence of SARS-CoV-2 infection, 
hospitalization, and mortality among faculty, students, 
and staff at the University of California Davis medical 
center. COVID-19 incidence decreased from 3.2% 
during the 8 weeks before vaccination began to 0.38% 
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4 weeks after the start of vaccination. A single dose of 
either vaccine reduced the hazard of testing positive 
by 48% (HR=0.52, CI 0.40-0.68) and the positivity rate 
for SARS-CoV-2 14+ days after the second dose was 
0.04%. There were no hospitalizations or deaths 
among fully vaccinated (14+ days after dose 2) HCWs 
who tested positive.  


35 Toniassoa et al  
(July 13,2021) 


Brazil  Cross-sectional  7523 HCWs in a 
hospital in Southern 
Brazil 


Unknown  CoronaVac,  
AZD1222 
 


This is a cross-sectional study conducted on 7523 
vaccinated (both partial and full vaccination) Brazilian 
healthcare workers to detect the prevalence of COVID-
19 diagnosis. The diagnosis of COVID-19 in the past 
reduced the prevalence of new infections by 68% (PR: 
0.32 95% CI: 0.19 – 0.56). After the first dose, infection 
prevalence decreased by 7% every week (PR: 0.93 95% 
CI: 0.89 – 0.97) regardless of the type of vaccine. An 
important finding was that a previous diagnosis of 
COVID-19 over 45 days ago reduced prevalence by 
71% (PR: 0.29 95% CI: 0.11 – 0.75) among those 
professionals. 


34 Wiliams et al  
(July 8,2021) 


USA Outbreak study  31 residents and 22 
staff members working 
in a LTCF in the US 


Gamma  BNT162b2 and  
mRNA-1273 


This study was conducted in an outbreak setting in a 
long-term care facility where the predominant SARS-
CoV-2 variant was determined as the P.1(Gamma 
variant).Vaccine effectiveness against SARS-CoV-2 
infection was 52.5% (95%CI 26.9-69.1%) in residents 
and 66.2% (95%CI, 2.3-88.3%) in staff. VE against 
severe illness was 78.6% (95%CI 47.9-91.2) in 
residents. Assuming that all residents and staff of the 
home were exposed, the estimated VE against SARS-
CoV-2 infection was 66.0% (95%CI 40.6-80.5%) in 
residents and 63.5% (95%CI 11.5-85.0%) in staff 


33 Shacham et al 
(July 5, 2021)  


USA Ecologic  Residents of 115 
counties and 2 cities in 
Missouri 


Unknown Unspecified 
(BNT162b2, 
mRNA-1273, 
Ad26.COV2.S 
available) 


Ecologic study evaluating the relationship between the 
cumulative proportion of residents vaccinated and 
weekly incidence of COVID-19 by location in 115 
counties and 2 cities in Missouri (total n=117 locations) 
from January 4 to June 26, 2021 (25 weeks). The 
relationship was found to likely be linear during the 
study period and was adjusted for other variables 
related to COVID-19 (population, proportion of 
nonwhite residents, median household income, 
proportion of residents in public-facing occupations). 
The final adjusted linear model showed the 
relationship was significant, with every percent 
increase in population vaccinated resulting in 3 fewer 
weekly COVID-19 cases (β -3.74, p<0.001). Locations 
with higher proportions of nonwhite residents were 
also likely to experience lower weekly incidence of 
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COVID-19 after adjusted for other variables (β -1.48, 
p=0.037).  


32 Greene, Sharon et 
al  
(July 5,2021) 


USA  Regression 
discontinuity  


1,101,467 65-84-year-
old NYC residents  


 


Unknown  BNT162b2 and  
mRNA-1273 


A regression discontinuity study comparing the rate of 
hospitalization and deaths among 65-84 year-olds 
during an 8-week post-implementation phase of SARS-
CoV-2 vaccines in New York City with the pre-
implementation period, controlling for the epidemic 
trend among 45-64-year-olds, a group without 
concurrent age-based vaccine eligibility. It is observed 
that hospitalization rates among 65-84 year-olds 
during the post-implementation period had a 
statistically significant decrease as compared to the 
pre-implementation period with a RR of 0.85(95% CI 
0.74-0.97). Similar decrease in death rates was 
observed during the post-implementation period but 
this finding was not statistically significant (RR 0.85, 
95% CI: 0.66–1.10, P = 0.22). 


31 Victora et al  
(July 15,2021) 
[Update to June 19 
preprint] 


Brazil  Ecologic  Brazilian population  Gamma AZD1222 and 
CoronaVac  


Calculated proportionate mortality of COVID-19 deaths 
at ages 70-79 and 80+ and COVID-19 age-specific 
mortality rates using Brazilian Ministry of Health data 
from January 3- May 15, 2021 in a setting of 
predominant Gamma variant transmission. The 
proportion of all COVID-19 deaths for ages 80+ years in 
weeks 1-6 was 25% which subsequently reduced to 
12.4% in week 19 following the vaccination program. 
For individuals aged 70-79 years, the proportionate 
mortality showed a substantial decline in April-May.  
The mortality rate ratio for persons aged 80+ relative 
to those aged 0-69 reduced from 13.3 in January to 8.0 
in week 19, and a gradual decline in the rate ratios was 
observed for ages 70-79 from 13.8 in week 1 to 5.0 in 
week 19.  


30 Jacobson et al (June 
17,2021) 


USA  Retrospective cohort  Healthcare workers  Alpha, 
Epsilon 


BNT162b2 and  
mRNA-1273 


A retrospective report of 660 SARS-Cov-2 cases 
detected by PCR test among HCW at a single-site 
medical center. Described proportions of cases and 
compared mutation prevalence among unvaccinated, 
early post-vaccinated (≤14 days after dose 1), partially 
vaccinated (>14 days after dose 1 and ≤14 days after 
dose 2), and fully vaccinated (>14 days after dose 2). 
189 of 660 cases detected were post-vaccine SARS-
CoV-2 cases (PVSC, defined as occurring in those who 
had received at least one dose of vaccine). 60.3% of 
the 189 PVSCs occurred early post-vaccination, 25.9% 
were among partially vaccinated individuals, and 
13.8% were among those fully vaccinated.  Incidence 
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of the L452R mutation (presumed to indicate the 
Epsilon variant) did not vary by vaccination status. 


29 Christie et al (June 
7, 2021) 


USA Impact US population  Unknown Unspecified ( 
BNT162b2, mRNA-
1273 


Calculated rates of COVID-19 cases, emergency 
department (ED) visits, hospital admissions, and 
deaths by age group during November 29–December 
12, 2020 (pre-vaccine) and April 18–May 1, 2021. The 
rate ratios comparing the oldest age groups (≥70 years 
for hospital admissions; ≥65 years for other measures) 
with adults aged 18–49 years were 40%, 59%, 65%, 
and 66% lower, respectively, in the latter period 


28 Guijarro et al (June 
28, 2021) 
[Update to Jun  3  
preprint] 


Spain Impact HCW compared to 
community 


Unknown BNT162b2 Incidence rates of SARS-CoV-2 infection after the first 
dose of mRNA SARS-CoV-2 vaccine declined by 71% 
(Incidence Rate Ratio (IRR) 0.286 , 95% confidence 
interval (CI) 0.174-0.468) and by 97% (IRR 0.03 95% CI 
0.013-0.068,) after the second dose as compared to 
the perivaccine time. SARS-CoV-2 incidence rates in 
the community (with a negligible vaccination rate) had 
a much lower decline: 2% (IRR 0.984; 95% CI 0.943-
1.028) and 61% (IRR 0.390, 95% CI 0.375-0.406) for 
equivalent periods. Adjusting for the decline in the 
community, the reduction in the incident rates among 
HCW were 73% (IRR 0.272; 95% CI 0.164-0.451) after 
the first dose of the vaccine and 92 % (IRR 0.176, 95% 
CI 0.033-0.174;) after the second dose.  


27 Sansone et al (May 
13, 2021) 


Italy Impact HCW Alpha BNT162b2 Community cases increased during the study period 
while cases in vaccinated HCWs only minimally 
increased and then stabilized. 


26 White et al. 
(May 19, 2021) 


USA Impact LTCF Unknown BNT162b2 and  
mRNA-1273 


Evaluated an administrative database of a large LTCF 
company across USA. Evaluated 21,815 persons, .  80% 
Pfizer+20% Moderna; 60% 2 dose +24% 1 dose.  
Disease incidence goes down in 
vaccinated/unvaccinated.  


25 Munitz et al  
(May 18, 2021)  


Israel  Ecologic  Israeli Population  Alpha  BNT162b2 Evaluated the transmission dynamics of B.1.1.7(Alpha) 
variant and to study the impact of the national 
vaccination program on the general population and 
the elderly. The study analysed 292,268 RT-PCR 
samples collected from December 6,2020 to February 
10,2021.  In the first week of February, B.1.1.7 variant 
was the predominant variant identified in more than 
90% of the positive tests. The B.1.1.7 variant was 1.45 
more transmissible than the wild-type strain (95% 
confidence interval [CI]: 1.20–1.60). The effective 
reproduction number for B.1.1.7 was estimated to be 
1.71 (95% CI: 1.59– 1.85) compared with 1.12 (95% CI: 
1.10–1.15) observed for the wild-type. To evaluate the 
impact of preventive policies against the B.1.1.7 
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variant, the authors stratified the distribution of new 
COVID-19 cases in different age groups. It was 
observed that an increase in the incidence of the 
variant was noted in the 60+ years aged group through 
January 13,2021, following which the incidence 
plateaued and subsequently declined, which coincided 
with the rapid uptake of vaccine in this age group. 


24 Domi et al  
(May 6,2021) 


USA Impact LTCF unknown BNT162b2 Evaluated data from 2501 nursing homes in the US in 
17 states.  Used zero-inflated negative binomial mixed 
effects regressions to model the associations of time 
since the vaccine clinic ending the week of December 
27, 2020 (cohort 1), January 3, 2021 (cohort 2) or 
January 10, 2021 (cohort 3) controlling for county rate 
of COVID-19, bed size, urban location, racial and ethnic 
census, and level of registered nurses with resident 
cases and deaths of COVID-19 and staff cases of 
COVID-19. Resident and staff cases trended downward 
in all three cohorts following the vaccine clinics. Time 
following the first clinic at five and six weeks was 
consistently associated with fewer resident cases (IRR: 
0.68 [95% CI: 0.54-0.84], IRR: 0.64 [95% CI: 0.48-0.86], 
respectively); resident deaths (IRR: 0.59 [95% CI: 0.45-
0.77], IRR: 0.45 [95% CI: 0.31-0.65], respectively); and 
staff cases (IRR: 0.64 [95% CI: 0.56-0.73], IRR: 0.51 
[95% CI: 0.42-0.62], respectively). Other factors 
associated with fewer resident and staff cases included 
facilities with less than 50 certified beds and high 
nurse staffing per resident day (>0.987). Contrary to 
prior research, higher Hispanic non-white resident 
census was associated with fewer resident cases (IRR: 
0.42, 95% CI: 0.31-0.56) and deaths (IRR: 0.18, 95% CI: 
0.12-0.27). 


23 Haas et al.  
(May 13, 2021) 


Israel Impact Israeli population Alpha¶ BNT162b2 Used national surveillance data from the first 112 days 
(Dec 20, 2020 ‒ Apr 10, 2021) of Israel’s vaccination 
campaign to estimate averted burden of four 
outcomes: SARS-CoV-2 infections and COVID-19-
related hospitalizations, severe or critical 
hospitalizations, and deaths. Estimated that Israel’s 
vaccination campaign averted 158,665 (95% CI: 
115,899‒201,431) SARS-CoV-2 infections, 24,597 
(6,622‒42,571) hospitalizations, 17,432 (3,065‒
31,799) severe and critical hospitalizations, and 5,533 
(-1,146‒12,213) deaths. Of these, 66% of 
hospitalizations and 91% of deaths averted were 
among those ≥65 years of age. 73% of SARS-CoV-2 
infections and 79% of COVID-19-related 



https://doi.org/10.1111/jgs.17224

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3845367





     


43 | P a g e  
 


hospitalizations and deaths averted stemmed from the 
protective effects in fully vaccinated persons.  


22 Rana et al. 
(May 11, 2021) 


Bangladesh Cross-sectional 11 districts in 
Bangladesh 


Unknown AZD1222 Cross-sectional study in 11 districts in Bangladesh. 
Offered voluntary testing. A total of 6146 suspected 
samples were tested and 1752 were found positive for 
SARS-CoV-2. Of the positives, 200 individuals had 
received a first dose of AZ. Among the vaccinated 
cases, 165 (82.5%) did not require hospitalization and 
177 (88.5%) did not have respiratory difficulties.  


21 Garvey et al.* 
(Apr 28, 2021)  


UK ecologic University Hospitals 
Birmingham (UHB) 
HCWs  


Alpha£ BNT162b2 An occupational health database of all COVID-19 
positive HCWs was interrogated against an informatics 
search of all vaccinated HCWs.   A multivariate logistic 
regression model found that being vaccinated was 
associated with a decreased probability of testing 
positive (p = 1.40 × 10−10, odds ratio 2.35, 95% CI: 1.81-
3.05). The model also found that the probability of 
testing positive decreases as the gap between 
vaccination and testing increases (p = 0.00607). A 
weighted cox regression demonstrated that 
vaccination was associated with a significantly lower 
hazard of testing positive during the time period in 
question (p < 0.0001). This model gave a generalized 
concordance probability of 0.24 (95% CI: 0.20, 0.28), 
meaning that a HCW who had been vaccinated had 
only a 24% probability of testing positive before an 
equivalent unvaccinated HCW. 


20 Ackland et al. 


(Apr 22, 2021) 


UK ecologic UK adults  Alpha^ BNT162b2, mRNA-


1273, AZD1222 


Used national data on cases and deaths to estimate 


CFR. Found that from the second half of January, the 


CFRs for older age groups show a marked decline. 


Since the fraction of the VOC has not decreased, this 


decline is likely to be the result of the rollout of 


vaccination. 


19 Lillie et al.* 
(Apr 24, 2021) 


UK ecologic Healthcare workers Alpha^ BNT162b2 Symptomatic staff underwent routine testing together 
with routine (asymptomatic) Lateral Flow Device (LFD) 
testing of all clinical staff.  Starting Jan 2021 827 (8.3%) 
of staff had received their first dose of vaccine, 
increasing to 8243 (82.5%) by the end of February. 
Cases of SARS-CoV-2 amongst staff reduced from 120 
cases to 10 cases over the same period.  


18 Rossman et al.* 


(Apr 19, 2021) 


Update to Feb 9 


preprint) 


Israel Impact Israeli population Alpha^ BNT162b2 Analysis of data from the Israeli Ministry of Health 


collected between 28 August 2020 and 24 February 


2021. Compared: (1) individuals aged 60 years and 


older prioritized to receive the vaccine first versus 


younger age groups; (2) the January lockdown versus 


the September lockdown; and (3) early-vaccinated 
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versus late-vaccinated cities. A larger and earlier 


decrease in COVID-19 cases and hospitalization was 


observed in individuals older than 60 years, followed 


by younger age groups, by the order of vaccination 


prioritization. This pattern was not observed in the 


previous lockdown and was more pronounced in early-


vaccinated cities. 


17 Mor et al.  
(Apr 16, 2021) 


USA Impact  80 nursing homes 
located across 21 
states. 


unknown BNT162b2 & 
mRNA-1273 


Matched pairs analysis of 280 nursing homes in 21 
states owned and operated by the largest long‐term 
care provider in the United States. Compared data 
from nursing homes that had their initial vaccine 
clinics between December 18, 2020 and January 2, 
2021, versus between January 3, 2021 and January 18, 
2021.  Outcomes were incident SARS‐CoV‐2 infections 
per 100 at‐risk residents per week and hospital 
transfers and/or deaths per 100 residents with 
confirmed SARS‐CoV‐2 infection per day, averaged 
over a week. Adjusted for facility infection rates in the 
fall. After 1 week, early vaccinated facilities had a 
predicted 2.5 fewer incident SARS‐CoV‐2 infections per 
100 at‐risk residents per week (95% CI: 1.2–4.0). 


16 Faria et al. 
(Apr 15, 2021)  


Brazil  Impact (model) HCWs in Sao Paulo Gamma^ CoronaVac HCWs in Hospital das Clinicas received vaccine before 
the general population of Sao Paulo. Using a period 
before vaccination, a Poisson regression was fit to 
model expected COVID-19 cases among HCWs based 
on the number of cases in Sao Paulo. Study then 
compared the expected number of cases among HCWs 
after vaccination (based on the model) to the observed 
numbers of cases in HCWs. The estimated 
effectiveness 2 and 3 weeks after the 2nd dose was 
50.7% and 51.8%, respectively, and increased over the 
next 2 weeks.  


15 PHE 
(Apr 8, 2021) 


UK Impact UK adults  Alpha^ BNT162b2 & 
mRNA-1273 


Daily impact of vaccination on deaths was estimated 
based on vaccine effectiveness against mortality 
multiplied by vaccine coverage. Observed deaths were 
then divided by the impact to estimate the expected 
deaths in the absence of vaccination. By the end of 
March 2021, they estimated that 9,100 deaths were 
averted in individuals aged 80 years and older, 1,200 in 
individuals aged 70 to 79, and 100 in individuals aged 
60 to 69 years giving a total of 10,400 deaths averted 
in individuals aged 60 years or older. 


14 Jones et al.  
(Apr 8, 2021) 


UK Ecologic Cambridge University 
healthcare workers 


Alpha^ BNT162b2 Screened vaccinated and unvaccinated HCWs for two 
weeks then compared proportion of positive tests in 
unvaccinated vs. vaccinated groups. Found four-fold 
decrease in risk of asymptomatic SARS-Cov-2 infection 



https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.17176

https://www.medrxiv.org/content/10.1101/2021.04.12.21255308v1.full.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/977249/PHE_COVID-19_vaccine_impact_on_mortality_March.pdf

https://elifesciences.org/articles/68808
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among HCWs ≥12 days post-vaccination compared to 
unvaccinated HCWs.  


13 Rivkees et al. 
(Apr 7, 2021) 


US - FL Ecologic Florida population original and 


Alpha¥ 


BNT162b2 & 
mRNA-1273 


Ecologic analysis of vaccinations in Florida. Through 
March 15, 2021, 4,338,099 individuals received COVID-
19 vaccine, including 2,431,540 individuals who 
completed their vaccination series. Of all those 
vaccinated, 70% were 65 years of age and older, and 
63% of those 65 years of age and older. Beginning 
February 1, 2021, the decline in the number of new 
cases per week became greater in those 65 years of 
age and older than those younger. By March 15, 2021, 
the number of new cases, hospitalizations, and deaths 
per day for those 65 years of age and older relative to 
mid-January, were 82%, 80%, and 92% lower 
respectively. In comparison, the number of new cases, 
hospitalizations, and deaths per day for those younger 
than 65 years of age were 70%, 60%, and 87% lower 
respectively. Reductions in rates in those 65 year of 
age and older, were thus greater than in those who 
were younger (p-value <0.01, Wilcoxon test).  


12 Hollinghurst et al.  
(Mar 24, 2021) 


UK—Wales  Cohort (but no 
control) 


14,501 vaccinated 
older adult residents in 
a Wales care home 


original and 


Alpha£ 


BNT162b2 & 
AZD1222 


Observational data-linkage using electronic health 
records and administrative data. Developed a Cox 
proportional hazards models to estimate hazard ratios 
for the risk of testing positive for SARS-CoV-2 infection 
following vaccination. Outcome of interest was the 
time to a positive SARS-CoV-2 PCR test following 
vaccination. Kaplan-Meier curve and empirical 
cumulative distribution function suggest a susceptible 
period of vaccinated individuals up to 42 days, with 
approximately 40% of individuals having a positive PCR 
test within 7 days, 60% within 14-days, 85% within 21-
days, 90% within 28-days, and over 95% within 35-
days. 


11 Milman et al. 
(Jun 11, 2021) 
[Update to Mar 23 
preprint] 


Israel Ecologic  Maccabi Healthcare 
Services, 644,609 
individuals in 177 
communities 


original & 
Alpha¶ 


BNT162b2  Rates of vaccination in each community are highly 
correlated with a later decline in infections among a 
cohort of under 16 years old which are unvaccinated. 
These results provide observational evidence that 
vaccination not only protects individual vaccinees but 
also provides cross-protection to unvaccinated 
individuals in 
the community. 


10 Keehner et al. 
(Mar 23, 2021) 


US - CA Ecologic  Healthcare workers in 
the UCLA and UCSD 
systems 


original¥  BNT162b2 &  
mRNA-1273 


Among the vaccinated health care workers, 379 people 
tested positive for SARS-CoV-2 at least 1 day after 
vaccination, and the majority (71%) of these persons 
tested positive within the first 2 weeks after the first 
dose.  



https://www.medrxiv.org/content/10.1101/2021.04.05.21254722v1

https://www.medrxiv.org/content/10.1101/2021.03.19.21253940v1

https://www.nature.com/articles/s41591-021-01407-5#citeas

https://www.nejm.org/doi/full/10.1056/NEJMc2101927
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9 Daniel et al. (Mar 
23, 2021) 


US - TX Ecologic Healthcare workers 
from the UTSW 


original¥ BNT162b2 &  
mRNA-1273 


After vaccination, they observed a greater than 90% 
decrease in the number of employees who are either 
in isolation or quarantine. 


8 Benenson et al. 
(Mar 23, 2021) 


Israel Ecologic Healthcare workers at 
Hadassah Hebrew 
University Medical 
Center 


Alpha^ BNT162b2 Among vaccinated workers, the weekly incidence of 
COVID-19 since the first dose declined notably after 
the second week; the incidence of infection continued 
to decrease dramatically and then remained low after 
the fourth week. 


7 Roghani 
(Mar 17, 2021) 


US – TN Ecologic Residents of Tennessee original¥ BNT162b2 &  
mRNA-1273 


Between 12/17/20 and 3/3/21 found that the daily 
incidence among the entire population over 71 
dropped from 0.1% to 0.01% of the age group (90% 
reduction) while for younger ages incidence dropped 
from 0.2% to 0.05% (75% reduction). 


6 Puranik et al.  
(March 8, 2021) 


US Ecologic 87 million individuals 
from 580 counties in 
the United States 


original¥ BNT162b2 & 
mRNA-1273  


Compares the cumulative county-level vaccination 
rates with the corresponding COVID-19 incidence rates 
among 87 million individuals from 580 counties in the 
United States, including 12 million individuals who 
have received at least one vaccine dose. Found that 
cumulative county-level vaccination rate through 
March 1, 2021 is significantly associated with a 
concomitant decline in COVID-19, with stronger 
negative correlations in the Midwestern counties and 
Southern counties. 


5 Rinott et al (March 
8, 2021) 


Israel Ecologic Persons needing 
ventilation 


Orginal & 
alpha 


BNT162b2 The number of COVID-19 patients aged ≥70 years (who 
had the highest 2-dose vaccination coverage, 84.3%) 
requiring mechanical ventilation was compared with 
that of patients aged <50 years, who had the lowest 2-
dose vaccination coverage (9.9%). Since 
implementation of the second dose of the vaccination 
campaign, the ratio of COVID-19 patients requiring 
mechanical ventilation aged ≥70 years to those aged 
<50 years has declined 67%, from 5.8:1 during 
October–December 2020 to 1.9:1 in February 2021. 


4 De-Leon et al. 
(Feb 8, 2021) 


Israel Ecologic Modeling Israel population over 
60 years old 


original & 


Alpha¶ 


BNT162b2 Looked at whether the high vaccine coverage among 
individuals aged over 60 years old creates an 
observable change in disease dynamics using real and 
simulated data.  Based on model, vaccine is at least 
50% effective. 


3 CHPE-LTC 
(Feb 10, 2021) 


US - 
national 


Ecologic Residents of long term 
care facilities that 
received vaccine 
through the federal 
pharmacy partnership. 


original¥ BNT162b2 &  
mRNA-1273 


Three weeks after the first vaccine clinic the rates of 
new COVID-19 infection dropped more in the 797 SNFs 
that held vaccine clinic compared to those that did not 
in the same county (48% vs 21%, respectively). 


2 Dunbar et al. 
(Feb 10, 2021) 


US - VA Ecologic Healthcare workers in 
an academic hospital 


original¥ BNT162b2 &  
mRNA-1273 


After 60% of employees received the 1st vaccine dose, 
the HCW COVID-19 infection rate decreased by 50%. 
HCWs who were 14-28 days and > 28 days post-first 



https://www.nejm.org/doi/full/10.1056/NEJMc2102153

https://www.nejm.org/doi/full/10.1056/NEJMc2101951

https://www.medrxiv.org/content/10.1101/2021.03.16.21253767v1

https://www.medrxiv.org/content/10.1101/2021.03.05.21252946v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.02.02.21250630v1.full.pdf

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf

https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/impact-of-covid19-vaccination-program-on-healthcare-worker-infections-in-an-academic-hospital/ED4354C098E9DC1EF538E80F9C2510F7#authors-details
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#Includes studies published/posted up through Wednesday of current week.   
^Indicates predominant variant identified by study authors. If no ^ then variants identified through secondary source when possible. Please see additional footnotes. 
¶The rise of SARS-CoV-2 variant Alpha in Israel intensifies the role of surveillance and vaccination in elderly | medRxiv 


¥CDC Says More Virulent British Strain Of Coronavirus Now Dominant In U.S. : Coronavirus Updates : NPR 
£Coronavirus (COVID-19) Infection Survey, UK - Office for National Statistics 
ⴕⴕBased on https://outbreak.info/location-reports  


 
  


vaccine dose were less likely COVID-19 infected than 
non-vaccine recipients. 


1 Domi et al. 
(Feb 4, 2021)  


US Ecologic  LTCF residents and 
staff 


original¥ BNT162b2 & 
mRNA-1273 


Used CMS NHSN Public File data and Tiberius data and 
created an analytic cohort based on the schedule of 
the vaccination clinics taking place during the first 
week of the program (12/18/20 to 12/27/20). Created 
a comparison group, composed of facilities located in 
the same county that did not have a first vaccination 
clinic during that period. Found that COVID-19 cases 
decreased at a faster rate among both residents and 
staff associated with nursing homes that had 
completed their first clinic. Vaccinated nursing homes 
experienced a 48% decline in new resident cases three 
weeks after the first clinic, compared to a 21% decline 
among non-vaccinated nursing homes located in the 
same county. Similarly, new staff cases declined by 
33% in vaccinated nursing homes compared to 18% in 
non-vaccinated facilities. 



https://www.medrxiv.org/content/10.1101/2021.02.16.21251819v1.full-text#F1

https://www.npr.org/sections/coronavirus-live-updates/2021/04/07/985079617/cdc-says-more-virulent-british-strain-of-coronavirus-now-dominant-in-u-s

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29january2021#positive-tests-that-are-compatible-with-the-new-uk-variant

https://outbreak.info/location-reports

https://www.ahcancal.org/Data-and-Research/Center-for-HPE/Documents/CHPE-Report-Vaccine-Effectiveness-Feb2021.pdf
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5. Review Papers and Meta-analyses 


 
1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf 


2. https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2 


3. https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563 


4. https://www.nature.com/articles/s41577-021-00592-1 


5. https://www.cell.com/immunity/fulltext/S1074-7613(21)00303-4 


 
 
 


Please direct any questions about content to:  


• Anurima Baidya (abaidya1@jh.edu)  


• Karoline Walter (kwalte21@jhmi.edu) 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266992/pdf/10787_2021_Article_839.pdf

https://www.medrxiv.org/content/10.1101/2021.05.20.21257461v2

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.28.2100563

https://www.nature.com/articles/s41577-021-00592-1

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fimmunity%2Ffulltext%2FS1074-7613(21)00303-4&data=04%7C01%7Cmhigdon%40jhu.edu%7Ce7998abf90d045f64aa908d9614e997b%7C9fa4f438b1e6473b803f86f8aedf0dec%7C0%7C0%7C637647812486585148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=kFAdw6io3V3k8mHd%2F6VgQl2W5uJmUplaaJTq%2BuxHejI%3D&reserved=0

mailto:abaidya1@jh.edu

mailto:kwalte21@jhmi.edu
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Good afternoon Partners,  






Please see below recently updated and/or released COVID-19 resources and meetings. If you have any questions or if you would like additional information, please email CDC’s STLT Policy and Public Health Partnerships at eocevent424@cdc.gov. Thank you for your partnership. 





 





Best regards,





Shyonna Johnson
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MMWRs 





*	Effectiveness of COVID-19 Vaccines in Preventing SARS-CoV-2 Infection Among Frontline Workers Before and During B.1.617.2 (Delta) Variant Predominance — Eight U.S. Locations, December 2020–August 2021. Link here. 


*	SARS-CoV-2 Infections and Hospitalizations Among Persons Aged ≥16 Years, by Vaccination Status — Los Angeles County, California, May 1–July 25, 2021. Link here.





CDC Resources   





Community





*	Contact Tracing Resources for Health Departments: CDC provides resources for conducting contact tracing to stop the spread of COVID-19.


*	How to Talk with Patients Who are Immunocompromised: CDC provides information for providers on discussing an additional dose of an mRNA COVID-19 vaccine with patients that are immunocompromised.


*	COVID-19 in Newly Resettled Refugee Populations: CDC offers guidance for refugees upon arrival in the US as well as information on how communities and providers can support resettled refugee populations during the COVID-19 pandemic.


*	Resources for Refugee Resettlement Service Providers: CDC provides guidance and other resources that may be useful when resettlement service providers interact with refugee clients in a variety of group settings. 





 





Science and Data





*	The Possibility of COVID-19 after Vaccination: Breakthrough Infections: CDC provides information on what is currently known about COVID-19 vaccine breakthrough infections. 


*	COVID-19 Delta Variant Resource Guide (attached): This resource package includes facts of what we know about the Delta variant, FAQs, visuals supporting the updated guidance, and a reference list of studies corroborating Delta infectiousness and disease severity for unvaccinated and vaccinated individuals.


*	COVID-19 Vaccine Booster Shot: CDC answers common questions about COVID-19 vaccine booster shots.


*	Investigation of Long-Term Effects of Myocarditis after mRNA COVID-19 Vaccination: Information on CDC’s investigation into reports of individuals developing myocarditis after receiving an mRNA COVID-19 vaccine. 


*	COVID-19 Science Update Edition 103: The latest science update includes information pertaining to detection, burden, impact, prevention, mitigation, and intervention strategies, and the social, behavioral, and communication science related to COVID-19.  


*	COVID-19 Vaccine Information for Specific Groups: Learn more about getting a vaccine for different groups including families and children, workers, and other groups such as older adults and people with underlying medical conditions.





Work and School





*	CDC Offers Health Tips for Back to School During COVID-19: CDC offers health tips that will make for a successful school year for students, teachers, school staff and their families.


*	CDC has developed a set of guidance documents to help families plan and prepare a safe return to school and work:





*	Community, Work, and School


*	Schools and Childcare Programs


*	Retirement & Shared Housing


*	Workplaces and Businesses





Upcoming Meetings





*	Helping Patients Access Pfizer Medicines During COVID-19 and Beyond: Thursday, August 26th, 2:00-3:00 PM ET, NACCHO will host a webinar with Pfizer RxPathways, about the disparities in the rates of uninsured and underinsured populations across diverse communities, as well as how eligible patients can enroll for assistance through the new online platform, PAP Connect. To register for this event, please click here. 


*	Advisory Committee on Immunization Practices (ACIP): Monday, August 30th, 10:00 AM – 4:30 PM EST, ACIP is hosting a virtual meeting on COVID-19 vaccines. The agenda for the meeting can be found here. To watch the live meeting webcast, please click here.  


*	CDC All-State, Tribal, Local, and Territorial (STLT) Update Call: Monday, August 30th, 2:00-2:45 PM ET, CDC hosts a weekly national call series to provide state, tribal, local, and territorial partners with the latest information on the COVID-19 outbreak and U.S. preparedness efforts. To register for this event, please click here. 





Additional Resources





*	National Adult and Influenza Immunization Summit (NAIIS) issued a call to action to increase vaccination coverage among U.S. adults.  


*	The Delta Variant: 5 Ways Communities can Protect People Experiencing Homelessness | U.S. Interagency Council on Homelessness


*	Communication Toolkit for Migrants, Refugees, and Other Limited-English-Proficient Populations


*	Find a COVID-19 vaccine near you: Vaccines.gov is live – helping to make it easier for individuals to access COVID-19 vaccines. Powered by the trusted Vaccine Finder brand -  Vaccines.gov is available in English and Spanish and will help connect Americans with locations offering vaccines near them.





*	Individuals in the U.S. can now utilize a text messaging service to locate vaccine locations, available in both English and Spanish. Individuals can text their ZIP code to 438829 (GETVAX) and 822862 (VACUNA) to find three locations nearby that have vaccines available.   





 





References to non-CDC sites are provided as a service and do not constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL addresses listed were current as of the date of publication.
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What we know about the changing science of the Delta variant*



* This resource guide is current as of August 20, 2021



On July 27, 2021, CDC released updated guidance on the need for urgently increasing COVID-19 vaccination 
coverage and a recommendation for everyone in areas of substantial or high transmission to wear a mask in 
public indoor places, even if they are fully vaccinated. CDC issued this new guidance due to several concerning 
developments and newly emerging data signals.  First is a reversal in the downward trajectory of cases. 
In the days leading up to our guidance update, CDC saw a rapid and alarming rise in the COVID case and 
hospitalization rates around the country. 



 • In late June, our 7-day moving average of reported cases was around 12,000. On July 27, the 7-day 
moving average of cases reached over 60,000. This case rate looked more like the rate of cases we had seen 
before the vaccine was widely available.   



Second, new data began to emerge that the Delta variant was more infectious and was leading to increased 
transmissibility when compared to other variants, even in vaccinated individuals. This includes recently 
published data from CDC and our public health partners,  unpublished surveillance data that will be publicly 
available in the coming weeks, information included in CDC’s updated Science Brief on COVID-19 Vaccines 
and Vaccination, and ongoing outbreak investigations linked to the Delta variant. 



Delta is currently the predominant strain of the virus in the United States. Below is a high-level summary of 
what CDC scientists have recently learned about the Delta variant. More information will be made available 
when more data are published or released in other formats.   



The Delta variant causes more infections and spreads faster than early forms SARS-CoV-2



 • The Delta variant is more contagious: The Delta variant is highly contagious, nearly twice as 
contagious as previous variants. 



 • Some data suggest the Delta variant might cause more severe illness than previous strains  
in unvaccinated persons. In two different studies from Canada and Scotland, patients infected with  
the Delta variant were more likely to be hospitalized than patients infected with Alpha or the original 
virus strains.



 • Unvaccinated people remain the greatest concern: Although breakthrough infections happen much 
less often than infections in unvaccinated people, individuals infected with the Delta variant, including 
fully vaccinated people with symptomatic breakthrough infections, can transmit it to others. CDC is also 
continuing to assess data on whether fully vaccinated people with asymptomatic breakthrough infections 
can transmit. However, the greatest risk of transmission is among unvaccinated people who are much 
more likely to contract, and therefore transmit the virus. 



 • Fully vaccinated people with Delta variant breakthrough infections can spread the virus to 
others. However, vaccinated people appear to be infectious for a shorter period: Previous 
variants typically produced less virus in the body of infected fully vaccinated people (breakthrough 
infections) than in unvaccinated people. In contrast, the Delta variant seems to produce the same high 
amount of virus in both unvaccinated and fully vaccinated people. However, like other variants, the 
amount of virus produced by Delta breakthrough infections in fully vaccinated people also goes down 
faster than infections in unvaccinated people. This means fully vaccinated people are likely infectious for 
less time than unvaccinated people.



Vaccines in the US are highly effective, including against the Delta variant



 • The COVID-19 vaccines authorized in the United States are highly effective at preventing severe disease 
and death, including against the Delta variant. But they are not 100% effective and some fully vaccinated 
people will become infected (called a breakthrough infection) and experience illness. For such people, the 
vaccine still provides them strong protection against serious illness and death.





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
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* This resource guide is current as of August 20, 2021



Given what we know about the Delta variant, vaccine effectiveness, and current vaccine coverage, 
layered prevention strategies, such as wearing masks, are needed to reduce the transmission of 
this variant



 • At this time, as we build the level of vaccination nationwide, we must also use all the prevention 
strategies available, including masking indoors in public places, to stop transmission and stop  
the epidemic.



 • Vaccines are playing a crucial role in limiting spread of the virus and minimizing severe disease. Although 
vaccines are highly effective, they are not perfect and there will be vaccine breakthrough infections. 
Millions of Americans are vaccinated, and that number is growing. This means that even though the 
risk of breakthrough infections is low, there will be thousands of fully vaccinated people who become 
infected and able to infect others, especially with the surging spread of the Delta variant. Low vaccination 
coverage in many communities is driving the current rapid and large surge in cases associated with the 
Delta variant, which also increases the chances that even more concerning variants could emerge.
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Level of Community Transmission by County – June 2, 2021



Community Transmission Level (n=3,219)
High (315)
Substantial (553)
Moderate (1,735)
Low (616)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



Level of Community Transmission by County – July 6, 2021



Community Transmission Level (n=3,219)
High (435)
Substantial (344)
Moderate (1,376)
Low (1,064)
Data not Included 



Estimates for 50 states, D.C., and Puerto Rico. For  total new cases per 100,000 persons in the past 7 days, High 
is considered >=100, Substantial: 50-99.99, Moderate: 10-49.99, Low: 0-9.99. For percentage of  Nucleic Acid 
Amplification Tests (NAATs)  that are positive during the past 7 days, High is considered >=10, Substantial: 
8-9.99, Moderate: 5-7.99, Low: 0-4.99.  The Valdez-Cordova Census Area in Alaska is not included in the 3219 
counties and is represented as gray.



* This resource guide is current as of August 20, 2021
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County Overall Level of Community Transmission– August 18, 2021



Total to Date Most Recent Day 7-Day Daily Average Week-On-Week Change



Cases 37,259,886 157,694 133,056 +14 .0%



Confirmed COVID 
Hospital Admissions



2,587,871 12,530 11,521 +14 .2%



Deaths 623,244 1,054 641 +10 .8%



Test Positivity 7.7% N/A 9.7% -1 .4 pct pts



 Note: Case and death are as of August 18, 2021; hospital data are as of August 17, 2021;  
and test positivity data are as of August 16, 2021. 



Level of Risk Low Moderate Substantial High



% of Countries
(7/27–8/2/2021)



3 .2%
0.9%



2 .0%
3.0%



8 .0%
5.9%



86 .8%
8.8%



Based on new cases per 100,000 persons and % positive tests during the last 7 days
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To stop Delta: CDC Recommends
 • Get vaccinated
 • Wear masks in public indoor settings in areas of substantial or high transmission
 • Wear masks in all K-12 schools



August 18, 2021
95% of counties in the U.S. have substantial or high transmission



* This resource guide is current as of August 20, 2021
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COVID-19 Case Rate (7-day rate per 100,000) versus  
Percent of State Population Fully Vaccinated, August 18, 2021
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Confirmed COVID-19 Hospital Admissions (as of August 18, 2021)
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Note: some case rates may be underestimated because of lags in reporting.  



Community Transmission Level (n=52)



      High (50)



      Substantial (2)



      Moderate (0)



      Low (0)





https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track


https://covid.cdc.gov/covid-data-tracker/#cases_community and https://covid.cdc.gov/covid-data-track
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Confirmed COVID-19 Hospital Admissions (rate per 100,000)



 • 52 jurisdictions report an increase in new hospital admissions with confirmed COVID-19, since June 25, 
2021.



 • Admission counts are currently highest in older age groups. However, since June 25, 2021, persons  
aged 40–49 years have had the largest increase in new admissions (+835%), followed by persons aged 
50–59 years (+703%).



US Estimated Proportions of Alpha and Delta Variants
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Frequently Asked Questions*



* This resource guide is current as of August 20, 2021



What changed from May 2021 when CDC said vaccinated people did not need 
to mask?



 • CDC issued updated guidance for fully vaccinated people on July 27, 2021 recommending that people 
who are vaccinated or unvaccinated and live in an area with substantial or high transmission of 
COVID-19, ,as well as their family and community, will be better protected by wearing a mask when in 
indoor public places. 



 • This change was due to several concerning developments and newly emerging patterns.  
 » New domestic data began to emerge that the Delta variant was more infectious and was leading 



to increased transmissibility, including transmissibility in some fully vaccinated people who 
experienced breakthrough infections.  In addition, through CDC’s long-standing partnerships with 
public health agencies in other countries, CDC was made aware of additional patterns of increased 
transmissibility with the Delta variant, and of laboratory markers of increased viral load in those 
infected. Some of these data have recently published and can be found in the reference page of this 
document. CDC will release additional data as it becomes available. 



 » CDC saw a rapid and alarming rise in the COVID case rate around the country.
• In late June 2021, our 7-day moving average of daily reported cases was below 12,000. On 



July 27, 2021, the 7-day moving average of daily reported cases surpassed 60,000 and was 
trending upward. This case rate looked more like the rate of cases we had seen before the 
vaccine was widely available, with cases primarily surging in areas with low vaccination 
coverage. It was also much higher than the daily case count average of about 37,000 that was 
reported in May 2021 when CDC revised the guidance for fully vaccinated individuals. 



 » New hospital admissions were steadily increasing nationally, with evidence of healthcare system 
strain in several states.



• Nationally, new hospital admissions reached a 7-day daily average of 5,505 on July 27, 2021 
exceeding the summer 2020 peak of 5,126. 



 • Even with the new information of increased transmissibility in those who are vaccinated, the majority of 
transmission, hospitalizations, and deaths related to COVID-19 are among the unvaccinated.



How is spread different with the Delta variant? 
 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 



outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • People infected with Delta are about two times more infectious to others than people infected with  
prior strains. 



 » These data come from several sources, some of which are published and some which are 
forthcoming:



• Information publicly posted by the U.K. (Investigation of SARS-CoV-2 variants of concern: 
technical briefings - GOV.UK (www.gov.uk)



• Papers that are currently undergoing peer-review and are posted on pre-print servers
• Data shared by partner countries that CDC expects to be published shortly. 
• Outbreak investigations, like the one in Barnstable County, Massachusetts
• Additional information can be found in the reference page of this document



 • Early data suggest that vaccinated people are infectious for a shorter period of time.



 What are the data supporting the updated guidance for fully vaccinated people?  
 • When CDC updated the guidance for fully vaccinated people, there was a mix of publicly available and not 



yet published data. Public health agencies are often tasked with making important and critical decisions 
for quick action, even when data are not fully published or finalized for release.  





https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
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 • The reference document in this resource provides a compilation of studies available to date. 
 • A science brief on the new guidance can be found here Science Brief: COVID-19 Vaccines and Vaccination 



(cdc.gov)
 • Transmission data found in the COVID Data Tracker: https://covid.cdc.gov/covid-data-



tracker/#datatracker-home. 



What is the possibility of breakthrough infection after vaccination with the 
Delta variant?



 • Breakthrough infections are expected. COVID-19 vaccines are effective at preventing most infections. 
But, like most vaccines, they are not 100% effective.



 • Fully vaccinated people with a breakthrough infection are less likely to develop serious illness than those 
who are unvaccinated and get COVID-19. 



 • Even when fully vaccinated people develop symptoms, they tend to be less severe symptoms. This means 
they are much less likely to be hospitalized or die than people who are not vaccinated.



 • People who get vaccine breakthrough infections can be contagious.
 • CDC is collecting data on vaccine breakthrough infections and closely monitors the safety and 



effectiveness of all Food and Drug Administration (FDA)-authorized COVID-19 vaccines. As the number 
of people who are fully vaccinated goes up, the number of breakthrough infections will also increase.  



 • New CDC data from multiple studies, all with data in the context of the Delta variant, make very clear 
that vaccine-induced protection against SARS-CoV-2 infection does begin to decrease over time, and in 
association with the dominance of the Delta variant, we are starting to see evidence of reduced protection 
against mild and moderate disease in certain populations. 



 • While we are seeing evidence of reduced protection against mild and moderate disease, protection against 
hospitalization and severe outcomes seems to be holding well.



 • Looking at all the data available, we are concerned that this protection against severe disease, 
hospitalization, and death could diminish in the months ahead, especially among those who were 
vaccinated during the earlier phases of the vaccination rollout. 



How is CDC ensuring that we know the prevalence and severity of  
breakthrough infections?   



 • CDC has multiple surveillance systems and on-going research studies to monitor the performance 
of vaccines in preventing infection, disease, hospitalization, and death.  CDC also collects data on 
breakthrough infections through outbreak investigations. Examples of CDC’s systems for monitoring 
performance of vaccines are listed in the table below. 



Outcome monitored Population monitored Monitoring system



Infection Long-term care facility residents NHSN



Symptomatic illness Healthcare providers and frontline workers HEROES



Hospitalization and deaths Hospitalized adults IVY



Hospitalization and deaths Hospitalized people (all ages) COVID-NET



Hospitalization and deaths Hospitalized people (all ages) VISION





https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html


https://www.cdc.gov/nhsn/ltc/covid19/index.html


https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm


https://www.cdc.gov/flu/vaccines-work/ivy.htm?web=1&wdLOR=c00736BBD-62E3-4C3E-9B35-67919E86936E


https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html


https://www.cdc.gov/vaccines/covid-19/downloads/vision-cohort-protocol-508.pdf








12



* This resource guide is current as of August 20, 2021



 • One important system that CDC uses to track breakthrough infections is called COVID-NET (the 
Coronavirus Disease 2019 [COVID-19]-Associated Hospitalization Surveillance Network). This 
population-based surveillance system collects reports of lab-confirmed COVID-19-related hospitalizations 
in 99 counties in 14 states. COVID-NET covers approximately 10% of the U.S. population. Information on 
COVID-NET vaccine breakthrough data will be published as it becomes available.



 • When the United States began widespread COVID-19 vaccination, CDC put in place a system where state 
health departments could report COVID-19 breakthrough infections to CDC. After collecting data on 
thousands of infections, CDC changed the reporting system (on May 1, 2021) to improve data quality on 
breakthrough infections. CDC transitioned from monitoring all reported vaccine breakthrough infections 
to focus on those among people who are hospitalized or die. This shift helped maximize the quality of  
the data collected on infections of greatest clinical and public health importance. Currently, 49 states  
are reporting data, which helps provide a picture of the data from around the country. 



 • By monitoring breakthrough infections that result in hospitalization or death, CDC can focus  
on identifying:



 » Unusual patterns, such as trends in age or sex
 » The specific types or brands of vaccine involved
 » Underlying health conditions in these persons
 » Which SARS-CoV-2 variants are observed in persons who are hospitalized or who die 
 » Demographic cohorts (e.g., essential workers, health care workers, elderly)



 • Additional information on breakthrough infections will be updated and can be found at the following 
link https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/
breakthrough-cases.html 



What is the likelihood that the Delta variant could be transmitted by 
vaccinated individuals? 



 • Vaccinated people are still less likely to contract COVID-19 and if they do, are protected from severe 
outcomes (severe disease, hospitalization, and death).  However, data indicate that they can spread the 
virus to others and likely spread it as easily as unvaccinated people who are infected. 



 • Previous variants typically produced less virus in the body of infected fully vaccinated people 
(breakthrough infections) than in unvaccinated people. 



 • In contrast, the Delta variant seems to produce the same high amount of virus in both unvaccinated and 
fully vaccinated people. 



 • However, like other variants, the amount of virus produced by Delta breakthrough infections in fully 
vaccinated people also goes down faster than infections in unvaccinated people. This means fully 
vaccinated people are likely infectious for less time than unvaccinated people. 



Do we need boosters?
 • On August 18, 2021, The Administration announced the development of a  plan to begin administering 



booster shots in the fall of 2021 subject to FDA conducting an independent evaluation and determination 
of the safety and effectiveness of a third dose of the Pfizer and Moderna mRNA vaccines and CDC’s 
Advisory Committee on Immunization Practices (ACIP) issuing booster dose recommendations based on 
a thorough review of the evidence.



 • As of August 13, 2021, an additional of COVID-19 vaccine is recommended for people with moderately to 
severely compromised immune systems after an initial two-dose vaccine series.



 » Emerging data suggest some people with moderately to severely compromised immune 
systems do not always build the same level of immunity compared to people who are not 
immunocompromised. In addition, in small studies, fully vaccinated immunocompromised 





https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf
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people have accounted for a large proportion of hospitalized breakthrough cases (40-44%). 
Immunocompromised people who are infected with SARS CoV-2 are also more likely to transmit 
the virus to household contacts.



 » While people who are immunocompromised make up about 3% of the U.S. adult population, they 
are especially vulnerable to COVID-19 because they are more at risk of serious, prolonged illness. 
Included in CDC’s recommendation are people with a range of conditions, such as recipients of 
organ or stem cell transplants, people with advance or untreated HIV infection, active recipients 
of treatment for cancer, people who are taking some medications that weaken the immune system, 
and others. A full list of conditions can be found on CDC’s website. 



 • While vaccination is likely to increase protection in this population, even after vaccination, people who 
are immunocompromised should continue to follow current prevention measures (including wearing a 
mask, staying 6 feet apart from others they do not live with, and avoiding crowds and poorly ventilated 
indoor spaces) to protect themselves and those around them against COVID-19 until advised otherwise 
by their healthcare provider. 



What is the difference between “viral load” and infectiousness? 
 • For COVID-19, the viral load is the amount of virus detected in a nasal swab. When infection is 



diagnosed, this information can be used to make informed predictions about how infectious someone 
is, that is, how likely they are to transmit to others.  Higher viral loads generally correlate with higher 
degrees of infectiousness. 



With the Delta variant, are asymptomatic vaccinated cases just as infectious as 
unvaccinated cases, or is it only symptomatic vaccinated cases who have similar 
viral loads to unvaccinated cases?



 • Among unvaccinated people who get infected, current data suggests that those who remain  
asymptomatic make up about 30-40% of all infections. They tend to have lower viral burden but are  
still infectious to others.  



 • At this time, we do not yet know what fraction of Delta variant infections in unvaccinated and in 
vaccinated people occur and never cause symptoms.  



 • CDC is investigating that question with cluster investigations and special studies. Regardless, all people 
need to be aware that infection with SARS-CoV-2, the virus that causes COVID-19, can cause you to be 
infectious to others when you feel otherwise well and don’t have symptoms. 



What can Members of Congress do to help protect their constituents? 
 • With the Delta variant, getting vaccinated is more urgent than ever. 
 • As trusted voices in their communities, Members of Congress can reinforce:



 » The importance of all people who are eligible getting vaccinated as soon as possible to protect 
themselves and their loved ones from higher risk for hospitalization or death.  



 » In areas with substantial and high transmission, everyone (including fully vaccinated people) 
should wear a mask in public indoor settings to help prevent spread of Delta and protect others.



 • Vaccinations and adherence to infection control measures can stop the spread of this virus.
 • As Members consider future legislation, long-term sustainable funding for public infrastructure helps 



CDC, as well as our state and local partners, be more prepared for future pandemics. Click here to see how 
COVID supplemental funding has been provided to states and jurisdictions. 





https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-07/07-COVID-Oliver-508.pdf


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html


https://www.cdc.gov/budget/fact-sheets/covid-19/funding/index.html
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Rapid Increase in Ivermectin Prescriptions and Reports of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat COVID-19





Summary
Ivermectin is a U.S. Food and Drug Administration (FDA)-approved prescription medication used to treat certain infections caused by internal and external parasites. When used as prescribed for approved indications, it is generally safe and well tolerated.





During the COVID-19 pandemic, ivermectin dispensing by retail pharmacies has increased, as has use of veterinary formulations available over the counter but not intended for human use. FDA has cautioned about the potential risks of use for prevention or treatment of COVID-19.





Ivermectin is not authorized or approved by FDA for prevention or treatment of COVID-19. The National Institutes of Health’s (NIH) COVID-19 Treatment Guidelines Panel has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19. ClinicalTrials.gov has listings of ongoing clinical trials that might provide more information about these hypothesized uses in the future.





Adverse effects associated with ivermectin misuse and overdose are increasing, as shown by a rise in calls to poison control centers reporting overdoses and more people experiencing adverse effects.





Background
The Centers for Disease Control and Prevention (CDC) confirmed with the American Association of Poison Control Centers (AAPCC) that human exposures and adverse effects associated with ivermectin reported to poison control centers have increased in 2021 compared to the pre-pandemic baseline. These reports include increased use of veterinary products not meant for human consumption. 





Ivermectin is a medication that is approved by FDA in oral formulations to treat onchocerciasis (river blindness) and intestinal strongyloidiasis. Topical formulations are used to treat head lice and rosacea. Ivermectin is also used in veterinary applications to prevent or treat internal and external parasitic infections in animals. When used in appropriate doses for approved indications, ivermectin is generally well tolerated. 





Clinical trials and observational studies to evaluate the use of ivermectin to prevent and treat COVID-19 in humans have yielded insufficient evidence for the NIH COVID-19 Treatment Guidelines Panel to recommend its use. Data from adequately sized, well-designed, and well-conducted clinical trials are needed to provide more specific, evidence-based guidance on the role of ivermectin in the treatment of COVID-19. 





A recent study examining trends in ivermectin dispensing from outpatient retail pharmacies in the United States during the COVID-19 pandemic showed an increase from an average of 3,600 prescriptions per week at the pre-pandemic baseline (March 16, 2019–March 13, 2020) to a peak of 39,000 prescriptions in the week ending on January 8, 2021.1 Since early July 2021, outpatient ivermectin dispensing has again begun to rapidly increase, reaching more than 88,000 prescriptions in the week ending August 13, 2021. This represents a 24-fold increase from the pre-pandemic baseline. (Figure)





Figure: Estimated number of outpatient ivermectin prescriptions dispensed from retail pharmacies — United States, March 16, 2019–August 13, 2021*





*Data are from the IQVIA National Prescription Audit Weekly (NPA Weekly) database. NPA Weekly collects data from a sample of approximately 48,900 U.S. retail pharmacies, representing 92% of all retail prescription activity. Ivermectin dispensed by mail order and long-term care pharmacies, prescriptions by veterinarians, and non-oral formulations were not included.
 





In 2021, poison control centers across the U.S. received a three-fold increase in the number of calls for human exposures to ivermectin in January 2021 compared to the pre-pandemic baseline. 
In July 2021, ivermectin calls have continued to sharply increase, to a five-fold increase from baseline. These reports are also associated with increased frequency of adverse effects and emergency department/hospital visits. 





In some cases, people have ingested ivermectin-containing products purchased without a prescription, including topical formulations and veterinary products. Veterinary formulations intended for use in large animals such as horses, sheep, and cattle (e.g., “sheep drench,” injection formulations, and “pour-on” products for cattle) can be highly concentrated and result in overdoses when used by humans. Animal products may also contain inactive ingredients that have not been evaluated for use in humans. People who take inappropriately high doses of ivermectin above FDA-recommended dosing may experience toxic effects. 





Clinical effects of ivermectin overdose include gastrointestinal symptoms such as nausea, vomiting, and diarrhea. Overdoses are associated with hypotension and neurologic effects such as decreased consciousness, confusion, hallucinations, seizures, coma, and death. Ivermectin may potentiate the effects of other drugs that cause central nervous system depression such as benzodiazepines and barbiturates.





Examples of recent significant adverse effects reported to U.S. poison control centers include the following:





*	An adult drank an injectable ivermectin formulation intended for use in cattle in an attempt to prevent COVID-19 infection. This patient presented to a hospital with confusion, drowsiness,  visual hallucinations, tachypnea, and tremors. The patient recovered after being hospitalized for nine days. 


*	An adult patient presented with altered mental status after taking ivermectin tablets of unknown strength purchased on the internet. The patient reportedly took five tablets a day for five days to treat COVID-19. The patient was disoriented and had difficulty answering questions and following commands. Symptoms improved with discontinuation of ivermectin after hospital admission.





Recommendations for Clinicians and Public Health Practitioners 





*	Be aware that ivermectin is not currently authorized or approved by FDA for treatment of COVID-19. NIH has also determined that there are currently insufficient data to recommend ivermectin for treatment of COVID-19.


*	Educate patients about the risks of using ivermectin without a prescription, or ingesting ivermectin formulations that are meant for external use or ivermectin-containing products formulated for veterinary use. 


*	Advise patients to immediately seek medical treatment if they have taken any ivermectin or ivermectin-containing products and are experiencing symptoms. Signs and symptoms of ivermectin toxicity include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, tachycardia, hypotension, visual hallucinations, altered mental status, confusion, loss of coordination and balance, central nervous system depression, and seizures. Ivermectin may increase sedative effects of other medications such as benzodiazepines and barbiturates. Call the poison control center hotline (1-800-222-1222) for medical management advice. 


*	Educate patients and the public to get vaccinated against COVID-19. COVID-19 vaccination is safe and the most effective means to prevent infection and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant.


*	Educate patients and the public to use COVID-19 prevention measures including wearing masks in indoor public places, physical distancing by staying at least six feet from other people who don’t live in the same household, avoiding crowds and poorly ventilated spaces, and frequent handwashing and use of hand sanitizer that contains at least 60 percent alcohol.





Recommendations for the Public





*	Be aware that currently, ivermectin has not been proven as a way to prevent or treat COVID-19.


*	Do not swallow ivermectin products that should be used on skin (e.g., lotions and creams) or are not meant for human use, such as veterinary ivermectin products.


*	Seek immediate medical attention or call the poison control center hotline (1-800-222-1222) for advice if you have taken ivermectin or a product that contains ivermectin and are having symptoms. Signs and symptoms include gastrointestinal effects (nausea, vomiting, abdominal pain, and diarrhea), headache, blurred vision, dizziness, fast heart rate, and low blood pressure. Other severe nervous system effects have been reported, including tremors, seizures, hallucinations, confusion, loss of coordination and balance, decreased alertness, and coma.


*	Get vaccinated against COVID-19. COVID-19 vaccination is approved by FDA and is the safest and most effective way to prevent getting sick and protect against severe disease and death from SARS-CoV-2, the virus that causes COVID-19, including the Delta variant. 


*	Protect yourself and others from getting sick with COVID-19. In addition to vaccination, wear masks in indoor public places, practice staying at least six feet from other people who don’t live in your household, avoid crowds and poorly ventilated spaces, and wash your hands often or use hand sanitizer that has at least 60 percent alcohol. 





 





For More Information 
NIH COVID-19 Treatment Ivermectin Guidelines





FDA Consumer Alert on Use of Ivermectin to Treat or Prevent COVID-19





FDA MedWatch Adverse Event Reporting program





CDC Coronavirus (COVID-19) website





U.S. Government Coronavirus (COVID-19) website 





American Association of Poison Control Centers





Press Release: American College of Medical Toxicology Reports Data on Adverse Effects and Toxicity from Unapproved Use of Ivermectin for the Prevention or Treatment of COVID-19





Treatments Your Healthcare Provider Might Recommend if You Are Sick
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1 Lind JN, Lovegrove MC, Geller AI, Uyeki TM, Datta SD, Budnitz DS. Increase in Outpatient Ivermectin Dispensing in the US During the COVID-19 Pandemic: A Cross-Sectional Analysis. 
 J Gen Intern Med. 2021 Jun 18:1–3. doi: 10.1007/s11606-021-06948-6.












The Centers for Disease Control and Prevention (CDC) protects people's health and safety by preventing and controlling diseases and injuries; enhances health decisions by providing credible information on critical health issues; and promotes healthy living through strong partnerships with local, national, and international organizations.













Categories of Health Alert Network messages: 

Health Alert - Requires immediate action or attention; highest level of importance

Health Advisory -  May not require immediate action; provides important information for a specific incident or situation

Health Update - Unlikely to require immediate action; provides updated information regarding an incident or situation

HAN Info Service - Does not require immediate action; provides general public health information
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Jurisdictions should not retroactively change the classification of cases reported prior
to September 1, 2021.
If you have any questions related to this letter, please send them to
positionstatements@cste.org and we will triage them with CDC.

Webinar Series: CDC Awardee COVID-19 Vaccine Response Planning  [Link]
CDC hosts a weekly webinar series every Wednesday at 3:30 pm ET to provide key on-
the-ground stakeholders with the latest information on COVID-19 vaccine planning and
distribution. These calls are an opportunity for a focused discussion on vaccine logistics
and other critical planning information. Call information is available below:

Weblink: 

Web Passcode: 
One-Tap Mobile: 

Telephone: 

Meeting ID: 
Phone Passcode: 

IVAC/WHO Vaccine Effectiveness Weekly Literature Review [Attachment, Link]
John Hopkins University’s International Vaccine Access Center (IVAC), in collaboration
with the World Health Organization (WHO), have released an updated COVID-19
Vaccine Effectiveness (VE) literature review as of August 19 (attached and linked here).
Note a section has been added to highlight duration of protection data that is not
calculating a VE estimate, but can inform the duration of protection of COVID-19
vaccines.

Resource: CDC ELC School Testing Toolkit [Link]
CDC has developed a COVID-19 School Testing Toolkit (linked here) featuring a suite of
free resources including flyers, posters and social media content highlighting the
benefits of COVID-19 testing programs in schools. The toolkit also includes
customizable letters and FAQs for teachers, parents, and guardians that address
frequently asked questions about school COVID-19 testing programs.
If you have questions or have suggestions for additional toolkit materials, please
contact CDC’s School Support Section at eocevent335@cdc.gov.

CDC Health Alert Network (HAN) 449: Rapid Increase in Ivermectin Prescriptions and Reports
of Severe Illness Associated with Use of Products Containing Ivermectin to Prevent or Treat
COVID-19 [Attachment, Link]

This CDC HAN Update (attached and linked here) was issued today, August 26, 2021. It
summarizes known information about the increased use of Ivermectin, a medication
used to treat certain infections caused by internal and external parasites, during the
COVID-19 pandemic. Adverse effects associated with Ivermectin misuse and overdose
are increasing, as shown by a rise in calls to poison control centers reporting overdoses
and more people experiencing adverse effects.

CSTE Webinar: “Back to School” [Link]
The CSTE Public Health Law Subcommittee will host a webinar tomorrow, Friday,
August 27, at 2:00 pm EDT. This call will be an open discussion on the issue of back-to-
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school, quarantine and other school-related legal issues, including whether schools can
require quarantine of infected students.
Questions may be sent to Sunbal Virk at publichealthlaw@cste.org to have them asked
anonymously. Call information is below:

Weblink: 

Web Passcode: 
Telephone: 

Meeting ID: 
One-Tap Mobile: 

 
 

Standing Updates
CDC Partner Updates – August 25 [Attachment]

Please see attached for the latest updates from CDC’s State, Tribal, Local, and
Territorial (STLT) Task Force.

Press Briefings: White House COVID-19 Response Team and Public Health Officials [Link]
The White House COVID-19 Response Team holds regular press briefings during the
week, typically on Mondays, Wednesdays, and Fridays at 11:00 am EDT. Please
note: Briefings sometimes begin after 11:00 am. Visit www.whitehouse.gov/live for the
latest schedule and broadcast links. All COVID briefings are publicly available on
the White House YouTube channel; past briefings may appear in this playlist link.

CSTE COVID-19 Response Resource Repository [Link]
The CSTE COVID-19 Response Resource Repository and related discussion forums are
available via Basecamp to encourage jurisdictional sharing of information, resources,
best practices, and challenges. To sign-up and access the Basecamp, please visit this
link.

Request Form for CSTE COVID-19 Call Topics [Link]
CSTE encourages members to suggest topics for future COVID-19 response-related calls
with CSTE members, CDC, and/or partner organizations. To submit a request, please
visit this link.

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
preparedness.cste.org
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP);

Thoroughman, Douglas (CHFS DPH)
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 5:49:00 PM
Attachments: MMWR Reinfection Rollout for 8_6_21_kw.docx

With my edits.  Adding Kelly.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
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[bookmark: _Hlk42201994]COVID-19 rollout plan

[bookmark: _Hlk42202213]Overview

· Planned Release date: Friday, August 6

· Document title: Reinfection MMWR/ 3 MMWRs on Vaccine Effectiveness

· Link to new landing page on MMWR for Vaccine Effectiveness 

· Audience

· Primary: Unvaccinated

· Secondary: Vaccinated

· Media Spokesperson(s):  Alyson Cavanaugh (CDC EISO)	Comment by Winter, Kathleen T (CHFS DPH DEHP): Add Susan Dunlap for KDPH?



Bottom line up front (BLUF)

What’s the main point of the release? Why is it important? For updates- what changed? What do you want the headline to read? 2-3 sentences max.

Vaccines are a critical tool to protect people and turn the corner on the COVID-19 pandemic. Today, CDC is releasing additional reports that show 

· Among people who had previous COVID-19 infection, vaccination after their illness provides better protection from reinfection than natural immunity alone.

· Vaccination prevents severe illness, hospitalization, death and provides protection against Delta variant.

· Vaccination protects people who are at higher-risk, particularly nursing home residents.

Tick Tock 

		Date /Time

(e.g. Day before rollout, day of rollout, etc.)



		Activity /Product

		POC(s)



		Friday morning-

· targeted media outreach

· Dr. Walensky interview with Sinclair (192 locations in 60 outlets) 



		Media



		



		When embargo Lifts 1pm Friday

		Proactive Media Statement

		Scott Pauley



		Friday after 1pm  

		Social Media



		Kat Turner Hoffman







Tough Q&A

· Are we seeing this same outcome on a national level?  

At this time, CDC does not have national level data on vaccine effectiveness compared to natural immunity. However, CDC continues to work with state and local partners and support studies that evaluate the effectiveness of vaccines. Data will be released as it becomes available. 

· Do people who get reinfected after vaccination have less illness/hospitalization/death? 

We don’t know, yet. CDC is actively working to learn more about reinfection to inform public health action. 

However, we do have data that indicated that those who became infected after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. For example, a recent study showed fully or partially vaccinated people who developed COVID-19 spent on average six fewer total days sick and two fewer days sick in bed.

· How long does natural immunity last versus vaccine induced immunity?

Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. We don’t know how long protection lasts for those who are vaccinated. However, the study showed that the vaccine did provide more than twice the protection of natural immunity within the study period. 

Experts are working to learn more about both natural immunity and vaccine-induced immunity. CDC will keep the public informed as new evidence becomes available. 

Proactive Media Statement or Press Release

Media team will draft from BLUF and key points, if needed. Work with JIC Media to draft, if necessary (eocjicmedia2@cdc.gov)

New CDC Study: Vaccination Offers Higher Protection than Previous COVID-19 Infection



In today’s MMWR, a study of COVID-19 reinfections in Kentucky shows that unvaccinated people are more than twice as likely to be reinfected with COVID-19 than those who were fully vaccinated after their an initial caseinfection. This data further proves that COVID-19 vaccines are better than natural immunity alone and that vaccines can help prevent reinfections.  Half of the U.S. population remains susceptible to COVID-19, including those who have been infected before.  

Combined with COVIDNet data published  form earlier this year, which measured vaccine effectiveness and showed that all COVID-19 vaccines prevented COVID-19 related hospitalizations among the highest risk age groups, this is further support that the current vaccines are highly effective and safe even. As cases, hospitalizations, and deaths rise, the data in today’s MMWR reinforce that vaccination is the best step to prevent COVID-19. 

COVID-19 vaccines are safe and effective at preventing severe illness, hospitalization, and death. Additionally, those who get COVID-19 after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against COVID-19. 



Social Media 

Graphic: 

[image: ]

Facebook/Instagram/LinkedIn

A new study found that among people who had previous COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully vaccinated after having COVID-19.

The Delta variant is causing increases in cases and hospitalizations around the country. Even if you have already had COVID-19, you should get a vaccine to protect yourself, your families, and your community. Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 

Twitter

A new study found that among people who had previous #COVID-19 infection, those who werethe unvaccinated were more than twice as likely to get COVID-19 again than those who were fully #vaccinated after having COVID-19.

[bookmark: _Hlk35330625]Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 
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Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH)
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
Date: Thursday, August 5, 2021 5:42:00 PM
Attachments: MMWR Reinfection Rollout for 8_6_21.docx

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 5:22 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov> 
Sent: Thursday, August 5, 2021 5:13 PM
To: Herlihy, Rachel (CDC state.co.us) <rachel.herlihy@state.co.us>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Moline, Heidi (CDC/DDID/NCIRD/DBD) <ick6@cdc.gov>
Cc: Turner Hoffman, Katherine (Kat) (CDC/DDPHSS/CSELS/OD) <ltd0@cdc.gov>
Subject: For Review by 10:30 am Friday 8/6--MMWR Rollout Plan
 
Hi all,
 
Attached for your review is an MMWR rollout plan put together by our Office of the Associate
Director for Communication that encompasses all three COVID-19 reports being released tomorrow:
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[bookmark: _Hlk42201994]COVID-19 rollout plan

[bookmark: _Hlk42202213]Overview

· Planned Release date: Friday, August 6

· Document title: Reinfection MMWR/ 3 MMWRs on Vaccine Effectiveness

· Link to new landing page on MMWR for Vaccine Effectiveness 

· Audience

· Primary: Unvaccinated

· Secondary: Vaccinated

· Media Spokesperson(s):  Alyson Cavanaugh (CDC EISO)



Bottom line up front (BLUF)

What’s the main point of the release? Why is it important? For updates- what changed? What do you want the headline to read? 2-3 sentences max.

Vaccines are a critical tool to protect people and turn the corner on the COVID-19 pandemic. Today, CDC is releasing additional reports that show 

· Among people who had previous COVID-19 infection, vaccination provides better protection from reinfection than natural immunity.

· Vaccination prevents severe illness, hospitalization, death and provides protection against Delta variant.

· Vaccination protects people who are at higher-risk, particularly nursing home residents.

Tick Tock 

		Date /Time

(e.g. Day before rollout, day of rollout, etc.)



		Activity /Product

		POC(s)



		Friday morning-

· targeted media outreach

· Dr. Walensky interview with Sinclair (192 locations in 60 outlets) 



		Media



		



		When embargo Lifts 1pm Friday

		Proactive Media Statement

		Scott Pauley



		Friday after 1pm  

		Social Media



		Kat Turner Hoffman







Tough Q&A

· Are we seeing this same outcome on a national level?  

At this time, CDC does not have national level data on vaccine effectiveness compared to natural immunity. However, CDC continues to work with state and local partners and support studies that evaluate the effectiveness of vaccines. Data will be released as it becomes available. 

· Do people who get reinfected after vaccination have less illness/hospitalization/death? 

We don’t know, yet. CDC is actively working to learn more about reinfection to inform public health action. 

However, we do have data that indicated that those who became infected after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. For example, a recent study showed fully or partially vaccinated people who developed COVID-19 spent on average six fewer total days sick and two fewer days sick in bed.

· How long does natural immunity last versus vaccine induced immunity?

Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. We don’t know how long protection lasts for those who are vaccinated. However, the study showed that the vaccine did provide more than twice the protection of natural immunity within the study period. 

Experts are working to learn more about both natural immunity and vaccine-induced immunity. CDC will keep the public informed as new evidence becomes available. 

Proactive Media Statement or Press Release

Media team will draft from BLUF and key points, if needed. Work with JIC Media to draft, if necessary (eocjicmedia2@cdc.gov)

New CDC Study: Vaccination Offers Higher Protection than Previous COVID-19 Infection



In today’s MMWR, a study of COVID-19 reinfections in Kentucky shows that unvaccinated people are more than twice as likely to be reinfected with COVID-19 than those who were fully vaccinated after an initial case. This data further proves that COVID-19 vaccines are better than natural immunity alone and that vaccines can help prevent reinfections.  Half of the U.S. population remains susceptible to COVID-19, including those who have been infected before.  

Combined with COVIDNet data published  form earlier this year, which measured vaccine effectiveness and showed that all COVID-19 vaccines prevented COVID-19 related hospitalizations among the highest risk age groups, this is further support that the current vaccines are highly effective and safe even. As cases, hospitalizations, and deaths rise, the data in today’s MMWR reinforce that vaccination is the best step to prevent COVID-19. 

COVID-19 vaccines are safe and effective at preventing severe illness, hospitalization, and death. Additionally, those who get COVID-19 after being fully or partially vaccinated are more likely to have a milder and shorter illness compared to those who were unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against COVID-19. 



Social Media 

Graphic: 

[image: ]

Facebook/Instagram/LinkedIn

A new study found that among people who had previous COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully vaccinated after having COVID-19.

The Delta variant is causing increases in cases and hospitalizations around the country. Even if you have already had COVID-19, you should get a vaccine to protect yourself, your families, and your community. Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 

Twitter

A new study found that among people who had previous #COVID-19 infection, the unvaccinated were more than twice as likely to get COVID-19 again than those who were fully #vaccinated after having COVID-19.

[bookmark: _Hlk35330625]Learn more: https://www.cdc.gov/mmwr/covid19_vaccine_safety.html 
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Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— 13 states, COVID-NET, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021
Rapid Increase in SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado, April–June 2021
 
If you could review the plan for accuracy by 10:30 am Friday, August 6, it would be much
appreciated.
 
Thanks so much,
Ginger
 

Ginger Redmon
Health Communication Specialist (on detail)
Morbidity and Mortality Weekly Report (MMWR)
Center for Surveillance, Epidemiology, and Laboratory Services
vco8@cdc.gov
(404) 639-6434
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: theonefixedpoint@gmail.com
Subject: Fwd: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher Protection than

Previous COVID-19 Infection
Date: Friday, August 6, 2021 12:47:10 PM
Attachments: image002.png

EMBARGOED UNTIL 1PM_Media Statement_MMWR.pdf
MMWR ER - Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — COVID-
NET, 13 States - August 6, 2021.pdf
MMWR ER - Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado -
August 6, 2021.pdf
MMWR ER - Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky - August 6, 2021.pdf

Get Outlook for iOS

From: Winter, Kathleen T (CHFS DPH DEHP)
Sent: Friday, August 6, 2021 12:23:54 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 
Dr. Walensky’s statement will be at 1pm
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:23 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Sorry for flooding e-mail but this went out to media and has more info than the previous message I
forwarded.
 
I also heard from AP reporter that there is a JAMA article being released today that again finds higher
antibody response after vaccination of previously-infected individuals.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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 Media Statement 


 


EMBARGOED FOR 1PM ET 
Friday, August 6, 2021 
  


Contact: CDC Media Relations 
(404) 639-3286 


  


New CDC Study: Vaccination Offers Higher Protection than Previous 


COVID-19 Infection 


 


In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were 


previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as 


likely to be reinfected with COVID-19 than those who were fully vaccinated after initially 


contracting the virus. These data further indicate that COVID-19 vaccines offer better protection 


than natural immunity alone and that vaccines, even after prior infection, help prevent 


reinfections.   


 


“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle 


Walensky. “This study shows you are twice as likely to get infected again if you are 


unvaccinated. Getting the vaccine is the best way to protect yourself and others around you, 


especially as the more contagious Delta variant spreads around the country.” 


 


The study of hundreds of Kentucky residents with previous infections through June 2021 found 


that those who were unvaccinated had 2.34 times the odds of reinfection compared with those 


who were fully vaccinated.  The findings suggest that among people who have had COVID-19 


previously, getting fully vaccinated provides additional protection against reinfection.  


 


Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related 


hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, 


the data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent 


COVID-19.  


 


COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and 


death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially 


vaccinated vaccines make people more likely to have a milder and shorter illness compared to 


those who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated 


against COVID-19. 
 
 
 


### 
  


U.S. Department of Health and Human Services 



http://www.hhs.gov/





  


CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at 


home or abroad, are curable or preventable, chronic or acute, or from human activity or 


deliberate attack, CDC responds to America’s most pressing health threats. CDC is 


headquartered in Atlanta and has experts located throughout the United States and the world. 
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U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Morbidity and Mortality Weekly Report


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.



https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.
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Kentucky, May–June 2021
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf





Early Release


2 MMWR / August 6, 2021 / Vol. 70


vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov> 
Sent: Friday, August 6, 2021 12:20 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

This went out to CDC’s media list while we were talking to Mike.  Just FYI 
 

From: Media@cdc.gov (CDC) <sohco@cdc.gov> 
Sent: Friday, August 6, 2021 11:49 AM
To: Media@cdc.gov (CDC) <sohco@cdc.gov>
Subject: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

The MMWR is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 
August 6, 2021
 
Please see the attached E-books for:
 
“Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
“Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021”
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Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
“Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w

Thank you,

CDC News Media Branch
404-639-3286
 

The Media Statement is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 Media Statement
EMBARGOED FOR 1PM ET
Friday, August 6, 2021
 
Contact: CDC Media Relations
(404) 639-3286

 

New CDC Study: Vaccination Offers Higher Protection than Previous
COVID-19 Infection

In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were
previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as
likely to be reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better protection
than natural immunity alone and that vaccines, even after prior infection, help prevent reinfections. 
 
“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle
Walensky. “This study shows you are twice as likely to get infected again if you are unvaccinated.
Getting the vaccine is the best way to protect yourself and others around you, especially as the more
contagious Delta variant spreads around the country.”
 
The study of hundreds of Kentucky residents with previous infections through June 2021 found that
those who were unvaccinated had 2.34 times the odds of reinfection compared with those who were
fully vaccinated.  The findings suggest that among people who have had COVID-19 previously,
getting fully vaccinated provides additional protection against reinfection.
 
Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related
hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, the
data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent COVID-19.
 
COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and
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death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially
vaccinated vaccines make people more likely to have a milder and shorter illness compared to those
who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against
COVID-19.
 
 
 

###
 

U.S. Department of Health and Human Services
 

CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at home
or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate

attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta
and has experts located throughout the United States and the world.
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Alexander, Kelly N (CHFS DPH); Stack, Steven J (CHFS DPH)
Subject: Fwd: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
Date: Friday, July 30, 2021 7:53:46 PM
Attachments: image001.png

COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance Review
kou4_AC.docx

Alyson,
Yes, Susan Dunlap and Kelly Alexander should be included for communications.

Congrats on another great paper. This is really important work and I am so grateful for your
effort in pulling this together.

I cc-ed Kelly and Dr. Stack here.

Get Outlook for iOS

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 30, 2021 7:26 PM
To: Winter, Kathleen T (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B
(CHFS DPH DEHP)
Subject: FW: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance
Review
 
 
Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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Tick Tock (For Early Release)

On Publication Date

· 9 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 11 am ET: embargo lifts 

· After 11 am ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



In an evaluation of COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System from March–December, previously infected Kentucky residents who remained free of reinfection were two times as likely to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected.



COVID-19 immunity is not long-lasting, and reinfections have been well-documented. Based on current and developing knowledge, the duration of post-infection immunity is suspected be 90 days for most people.

The findings of this report suggest that among previously infected people, lack of vaccination is associated with reinfection and full vaccination is associated with remaining free of reinfection. Individuals with previous COVID-19 infections should be vaccinated to reduce the risk of reinfection.







Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs 

Office Phone: 

Cell Phone: (502) 226-0245

Email Address: Susan.Dunlap@ky.gov



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

[bookmark: _GoBack]Office Phone:  502-564-3261 x4231

Cell Phone: 

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.







To find stock images available in MMWR’s Getty package, visit: https://www.gettyimages.com/landing/pa-preview/expanded/85115 (ensure you are in guest preview; link works best if pasted directly into your browser)





To see MMWR’s generic graphic options, visit: https://cdc.sharepoint.com/sites/CSELS/MMWR/COVID19%20Communication%20Packages/Forms/AllItems.aspx?viewid=dfb37dca%2D441a%2D4fe5%2D8fe0%2D40f6584293f3&id=%2Fsites%2FCSELS%2FMMWR%2FCOVID19%20Communication%20Packages%2FGeneric%20Graphics 
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Woman Sneezing In A Tissue In The Living Room High-Res Stock Photo - Getty Images





[image: Portrait Of Ill Woman Caught Cold : Stock Photo]

Portrait Of Ill Woman Caught Cold High-Res Stock Photo - Getty Images

1 Recommended Social Media Posting for General Audience (if there is no general audience messaging for the report please note that)

(for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR found that unvaccinated people who previously had COVID-19 are two times more likely to get reinfected with COVID-19 than vaccinated people who previously had COVID-19. People who have had COVID-19 should get vaccinated to prevent reinfection. 


General Twitter 

A new @CDCMMWR finds vaccination provides additional more protection for those who have already had #COVID-19 infections. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. Read more: [LINK to report]	Comment by Douglas, Myron (CDC/DDNID/NCEH/DEHSP): If this is for a general twitter, this change was to make it plain language.



1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new CDC MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous COVID-19 infection to be vaccinated to reduce the risk of reinfection. [LINK to report]
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original message.
 
    
 
 
 

From: Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov> 
Sent: Friday, July 30, 2021 6:57 PM
To: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov>; Hardie, Ann (CDC/DDID/NCIRD/OD)
<qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC) <gnf0@cdc.gov>; CDC IMS JIC Media -2
<eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hey Shelton—
 
The autosave feature did not work for me. Please find JIC Content’s changes attached.
 
-Myron D.
 

From: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov> 
Sent: Friday, July 30, 2021 5:04 PM
To: Hardie, Ann (CDC/DDID/NCIRD/OD) <qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC)
<gnf0@cdc.gov>; Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov>; CDC IMS JIC Media
-2 <eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hi all,
 
Linked below is the comms package for the MMWR Reduced Risk of Reinfection with SARS-CoV-2
After COVID-19 Vaccination — Kentucky, May–June 2021
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Key message:
Among Kentucky residents with a prior SARS-CoV-2 infection in 2020, those who were not
vaccinated after their COVID-19 illness had a higher risk of being reinfected compared to those who
received vaccination for COVID-19. All eligible individuals, including those who have previously had
COVID-19, should get vaccinated to reduce their risk of infection or reinfection.
 
We have also heard that Dr. Walensky may be highlighting this paper tomorrow in some
communication with the media.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide better neu-
tralization of some circulating variants than does natural infec-
tion (1,2), few real-world epidemiologic studies exist to support 
the benefit of vaccination for previously infected persons. This 
report details the findings of a case-control evaluation of the 
association between vaccination and SARS-CoV-2 reinfection 
in Kentucky during May–June 2021 among persons previously 
infected with SARS-CoV-2 in 2020. Kentucky residents who 
were not vaccinated had 2.34 times the odds of reinfection 
than those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 
with laboratory-confirmed SARS-CoV-2 infection in 2020 


and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 
vaccination series was not completed or the final dose was 


Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
before reinfection, compared with 34.3% of controls (Table 2). 
Kentucky residents with previous infections who were unvac-
cinated had 2.34 times the odds of reinfection (OR = 2.34; 
95% CI = 1.58–3.47) compared with those who were fully 
vaccinated; partial vaccination was not significantly associated 
with reinfection (OR = 1.56; 95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


Reinfection with SARS-CoV-2 has been documented, 
but the scientific understanding of natural infection-derived 
immunity is still emerging (5). The duration of immunity 
resulting from natural infection, although not well under-
stood, is suspected to persist for ≥90 days in most persons.** 
The emergence of new variants might affect the duration of 
infection-acquired immunity, and laboratory studies have 
shown that sera from previously infected persons might offer 
weak or inconsistent responses against several variants of con-
cern (2,6). For example, a recent laboratory study found that 
sera collected from previously infected persons before they 
were vaccinated provided a relatively weaker, and in some cases 
absent, neutralization response to the B.1.351 (Beta) variant 
when compared with the original Wuhan-Hu-1 strain (1). Sera 
from the same persons after vaccination showed a heightened 
neutralization response to the Beta variant, suggesting that 
vaccination enhances the immune response even to a variant 
to which the infected person had not been previously exposed. 
Although such laboratory evidence continues to suggest that 
vaccination provides improved neutralization of SARS-CoV-2 
variants, limited evidence in real-world settings to date cor-
roborates the findings that vaccination can provide improved 
protection for previously infected persons. The findings from 
this study suggest that among previously infected persons, full 
vaccination was associated with reduced likelihood of reinfec-
tion, and, conversely, being unvaccinated is associated with 
higher likelihood of being reinfected.


The lack of a significant association with partial versus 
full vaccination should be interpreted with caution given the 
small numbers of partially vaccinated persons included in the 
analysis (6.9% of case-patients and 7.9% of controls), which 
limited statistical power. Although not statistically significant, 
the finding is suggestive of a decreased risk when compared to 
no vaccine and consistent with findings from previous studies 
indicating higher titers after the first mRNA vaccine dose in 
persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus from 
the first infection. Although in some cases the repeat positive 
test could be indicative of prolonged viral shedding or failure 
to clear the initial viral infection (9), given the time between 
initial and subsequent positive molecular tests (≥5 months), 
reinfection is the most likely explanation. Second, persons 
who have been vaccinated are possibly less likely to get tested. 
Therefore, the association of reinfection and lack of vaccination 
might be overestimated. Third, vaccine doses administered at 
federal or out-of-state sites are not typically entered in KYIR, 
so vaccination data are possibly missing for some persons in 


 ¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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these analyses. In addition, inconsistencies in name and date 
of birth between KYIR and NEDSS might limit ability to 
match the two databases. Because case investigations include 
questions regarding vaccination, and KYIR might be updated 
during the case investigation process, vaccination data might 
be more likely to be missing for controls. Thus, the OR might 
be even more favorable for vaccination. Fourth, although case-
patients and controls were matched based on age, sex, and 
date of initial infection, other unknown confounders might 
be present. Finally, this is a retrospective study design using 
data from a single state during a 2-month period; therefore, 
these findings cannot be used to infer causation. Additional 
prospective studies with larger populations are warranted to 
support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.
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TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants
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Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Tuesday, August 3, 2021 11:24:00 PM
Attachments: COPY_EOC_Cavanaugh_08.03_clean_kw.docx

With my edits/comments, for your consideration.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, August 3, 2021 9:58 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi all,

Here are the most recent version just submitted.  If there is feedback please let me know early
tomorrow.   They needed this tonight to start working on getting the proof ready
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 9:46 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout ae vaccine series was either not complete vaccine series or the final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 




Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Good evening,
 
Please find attached track and clean changes of manuscript, Table 1, and Table 2.
 
There is no longer a table 3 and Tables 2 and 3 were combined.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
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have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:
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Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
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From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
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Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)
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Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 
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COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
 

eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description

Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021
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Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other

Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP)
Subject: RE: COI_disclosure forms - due COB Monday
Date: Sunday, August 1, 2021 7:45:00 AM
Attachments: coi_disclosure_kwinter.docx

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Saturday, July 31, 2021 8:30 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: COI_disclosure forms - due COB Monday
 
Good morning all,
 
Each author will need to complete a conflict of interest form for the upcoming MMWR. I am
attaching the ICMJE conflict of interest form.  If you have no conflicts of interest, please make sure
that every box is marked none.  There is also a question at the end that would need to be marked.
 
I added the manuscript title.  There is no number assigned yet so please leave it blank.
 
Please complete this and return it to me by Monday 8/2 at the latest.

Thank you all !
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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                                                                     ICMJE DISCLOSURE FORM



Date:___8/1/2021_____________________________________________________________________________

Your Name:__Kathleen Winter_________________________________________________________________________

Manuscript Title:_ Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Manuscript number (if known):__________________________________________________________________





In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are 

related to the content of your manuscript. “Related” means any relation with for-profit or not-for-profit third 

parties whose interests may be affected by the content of the manuscript. Disclosure represents a commitment 

to transparency and does not necessarily indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so.  



[bookmark: _Hlk55549535][bookmark: _Hlk56020555]The following questions apply to the author’s relationships/activities/interests as they relate to the current 

manuscript only.



The author’s relationships/activities/interests should be defined broadly. For example, if your manuscript pertains 

to the epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if that medication is not mentioned in the manuscript. 



In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, 

the time frame for disclosure is the past 36 months.  





		

		

		Name all entities with whom you have this relationship or indicate none (add rows as needed)

		Specifications/Comments

(e.g., if payments were made to you or to your institution)
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH)
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
Date: Sunday, August 1, 2021 7:42:00 AM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Clearance Review

kou4_AC_ks_kw.docx
image001.png

With some additional edits and comments
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Friday, July 30, 2021 7:52 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Winter, Kathleen T (CHFS
DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hi Alyson,
 
Couple of comments for the comms package.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:27 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
 
Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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Tick Tock (For Early Release)

On Publication Date

· 9 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 11 am ET: embargo lifts 

· After 11 am ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



In an evaluation of COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System from March–December, previously infected Kentucky residents who remained free of reinfection were two times as likely to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected.



COVID-19 immunity is not long-lasting, and reinfections have been well-documented. Based on current and developing knowledge, the duration of post-infection immunity is suspected be 90 days for most people.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Instead of this paragraph, consider:
Although not common, COVID-19 reinfections do occur (or have been well documented).  Based on current knowledge, duration of post-infection protection from reinfection is suspected to be at least 90 days for most people.	Comment by Winter, Kathleen T (CHFS DPH DEHP): I agree with Kevin’s edits here, particularly with how the 90 days is described.


The findings of this report suggest that among previously infected people, lack of vaccination is associated with reinfection with SARS-CoV-2,  and full vaccination is associated with remaining free of reinfection. Individuals with previous COVID-19 infections should be vaccinated to reduce their risk of reinfection.	Comment by Winter, Kathleen T (CHFS DPH DEHP): Suggested rewording:
The finding of this report suggest that among people with prior COVID-19, those who were fully vaccinated had lower risk of reinfection compared to those who were unvaccinated.  All persons >12 years of age should receive COVID-19 vaccination even if they have been previously-infected with SARS-CoV-2 to reduce their risk of risk of infection or reinfection.







Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs 

Office Phone: 

Cell Phone: (502) 226-0245

Email Address: Susan.Dunlap@ky.gov



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone:  502-564-3261 x4231

Cell Phone: 

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.







To find stock images available in MMWR’s Getty package, visit: https://www.gettyimages.com/landing/pa-preview/expanded/85115 (ensure you are in guest preview; link works best if pasted directly into your browser)





To see MMWR’s generic graphic options, visit: https://cdc.sharepoint.com/sites/CSELS/MMWR/COVID19%20Communication%20Packages/Forms/AllItems.aspx?viewid=dfb37dca%2D441a%2D4fe5%2D8fe0%2D40f6584293f3&id=%2Fsites%2FCSELS%2FMMWR%2FCOVID19%20Communication%20Packages%2FGeneric%20Graphics 
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1 Recommended Social Media Posting for General Audience (if there is no general audience messaging for the report please note that)

(for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR found that unvaccinated people who previously had COVID-19 are two times more likely to get reinfected with COVID-19 than vaccinated people who previously had COVID-19. People who have had COVID-19 should get vaccinated to prevent reinfection. 
	Comment by Spicer, Kevin B (CHFS DPH DEHP): This is not an accurate statement.

General Twitter 

A new @CDCMMWR finds vaccination provides additional more protection for those who have already had #COVID-19 infections. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. Read more: [LINK to report]	Comment by Douglas, Myron (CDC/DDNID/NCEH/DEHSP): If this is for a general twitter, this change was to make it plain language.



1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new CDC MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous COVID-19 infection to be vaccinated to reduce the risk of reinfection. [LINK to report]
	Comment by Spicer, Kevin B (CHFS DPH DEHP): Shouldn’t this be “was”?	Comment by Spicer, Kevin B (CHFS DPH DEHP): See above.
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NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov> 
Sent: Friday, July 30, 2021 6:57 PM
To: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov>; Hardie, Ann (CDC/DDID/NCIRD/OD)
<qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC) <gnf0@cdc.gov>; CDC IMS JIC Media -2
<eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: RE: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hey Shelton—
 
The autosave feature did not work for me. Please find JIC Content’s changes attached.
 
-Myron D.
 

From: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov> 
Sent: Friday, July 30, 2021 5:04 PM
To: Hardie, Ann (CDC/DDID/NCIRD/OD) <qpe2@cdc.gov>; McDonald, Jason (CDC/OD/OADC)
<gnf0@cdc.gov>; Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov>; CDC IMS JIC Media
-2 <eocjicmedia2@cdc.gov>; CDC IMS 2019 NCOV Response Deputy JIC Lead for Content
<eocevent469@cdc.gov>; Pauley, Scott (CDC/OD/OADC) <pvq2@cdc.gov>; Reed, Jasmine
(CDC/OD/OADC) <pvz1@cdc.gov>; Kachinsky, Noelle (CDC/DDID/NCIRD/OD) (CTR)
<qmy8@cdc.gov>; Grusich, Katherina (Kate) (CDC/DDID/NCIRD/OD) <yhb3@cdc.gov>; Hauk, Alexis
(CDC/DDID/NCEZID/DHQP) (CTR) <qpu9@cdc.gov>; Choban, Ana (CDC/DDID/NCIRD/ID)
<nlf9@cdc.gov>; Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Redmon, Ginger (CDC/OD/OADC) <vco8@cdc.gov>; Ray, Amanda (CDC/DDPHSS/CSELS/OD) (CTR)
<pwf7@cdc.gov>
Subject: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
Hi all,
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review
Date: Thursday, August 5, 2021 2:36:00 PM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review_kw.docx

Lots of edits to the talking points – for your discretion.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 1:54 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
 
Hi all,
 
Here is the revised Comms package, not yet fully approved.  If you think there needs to be additional
edits, let me know before 4 pm.
 
Interestingly, a comment by the media team made me recognize an edit needed for final proof.  
December 31 to May 1 is (>4 months) not (>=5 months) as stated in discussion. 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Thursday, August 5, 2021 1:28 PM

IR#0588 - KT DPH - Production_000330
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Tick Tock (For Early Release)

On Publication Date

· 11 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 1 pm ET: Embargo lifts 

· After 1 pm ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



[bookmark: _Hlk79066502]Among people with prior SARS-CoV-2 infection, those who were not vaccinated after their COVID-19 illness had a higher risk of being reinfected compared to those who received vaccination for COVID-19.Vaccination provides additional protection compared with that from natural infection for those who have already had COVID-19. People All eligible individuals, including those withwith previous prior  COVID-19 infections, should still get vaccinated to reduce their risk of infection or reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



Investigators evaluated COVID-19 infection and vaccination data reported to the Kentucky  National Electronic Disease Surveillance System and Kentucky immunization registryDepartment for Public Health. Among Kentucky residents with prior SARS-CoV-2 infection, those who were not vaccinated after their COVID-19 illness were more than twice as likely to be reinfected compared to those who were fully vaccinated against COVID-19. They found that compared with Kentucky residents who completed vaccination, not being vaccinated was associated with more than double the odds of reinfection.



Although not common, COVID-19 reinfections do occur. Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. This report looks at the association between vaccination and reinfection during May or June 2021 among people previously infected in 2020. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Because this timeframe is mentioned, I think important to mention that the study was of a longer timeframe

This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. 

Note that May is at least 4 months since 2020 (which is longer than the at least 90 days we think people have immunity)

To reduce their likelihood of future infection, all eligible people should be offered COVID-19 vaccine—even those who previously had COVID-19. 



Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs

Cell Phone: 502-226-0345

Email Address: susan.dunlap@ky.go



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone: 502-564-3261, ext. 4231

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.





Graphic

[image: ]





1 Recommended Social Media Posting for General Audience (for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR finds that people who did not receive COVID-19 vaccine after their SARS-CoV-2 infection hadpreviously had COVID-19 and were unvaccinated had more than twice the odds likelihood of getting COVID-19 again compared to those who were fully vaccinated. People who have had COVID-19 should get vaccinated to prevent getting COVID-19 again. Read more: [Link to report]


General Twitter 

A new @CDCMMWR finds that people who did not receive a COVID-19 vaccine after having a gives more protection for those who have already had #COVID19 infection were more likely to be infected agains. People who previously had COVID-19 should still get a COVID-19 vaccine to reduce their risk of getting COVID-19 again. Read more: [LINK to report]	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Can we use more plain language in the facebook and twitter post? Terms that would be good to replace , if possible, are reinfection, previously infected, maybe vaccinated? What is the reding leading for a general audience—maybe 7-10 grade? I am not sure what we are aiming for but likely best to avoid 3 and 4 syllable words and medical terms.

Vaccination could be replaced with “A COVID vaccine”, “provides” with “gives” 





1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new MMWR report found that among Kentucky residents previously infected who have had awith COVID-19 infection, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous #COVID-19 infection to be #vaccinated to reduce the risk of reinfection. [LINK to report]






image1.jpeg





To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
 
 

IR#0588 - KT DPH - Production_000331

mailto:qds1@cdc.gov


From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 6:18:00 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC_KW.docx

Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson

IR#0588 - KT DPH - Production_000332

• 
• 

mailto:kathleen.winter@ky.gov
mailto:alyson.cavanaugh@ky.gov
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I don’t feel that this needs to change, but we could make this more precise.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Winter, Kathleen T (CHFS DPH DEHP): This sentence is awkward and feels unnecessary.  All cases are considered “previously infected”, correct?
Consider this: “The REDCap database was used to identify eligible case-patients and controls, excluding COVID-19 cases resulting in death before May 1, 2021”	Comment by Winter, Kathleen T (CHFS DPH DEHP): Do you want to use NAAT and define in the first sentence of this paragraph?

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with to Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- two month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice  as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, all Kentucky residents aged 16 and older became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



From: Winter, Kathleen T (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection

– May through June, 2021 - Kentucky
Date: Sunday, August 1, 2021 8:06:00 AM
Attachments: Cavanaugh_07.29_clean_SSU1_ks_kw.docx

With a few additional edits and comments.  No need to incorporate if you have already
resubmitted.  I added my UK affiliation also.
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Friday, July 30, 2021 5:56 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I took a (quick) look and think you have done a very nice job.  I did make a couple of edits/comments
for your consideration.  No issues with the tables or figure.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 5:13 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Both CHEO and scientific unit cleared the report with minor comments.  I will address (haven’t
gotten to it yet today L) and plan to submit tomorrow.
 
If there are ANY additional comments from KDPH team, please address now.  It does look like they
are trying to reach the August 6 publication date. 
 
We can always make some minor edit changes through the rest of the process.  However, anything
bigger, please comment at this point. This still has JIC clearance and MMWR submission, but it
seems this is moving quickly at this point.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents 16 years of age and older becamewere eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am unclear as to what specifics of methods is being requested.  There are a variety of specific specimens (e.g., anterior nares swab, mid-turbinate nasal swab, nasopharyngeal swab, oropharyngeal swab) and platforms that were utilized and over which we had no control.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Spicer, Kevin B (CHFS DPH DEHP): This should be a dagger (†) I believe.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using the classifications of fully vaccinated, partially vaccinated, and unvaccinated, among those who remained free of reinfection, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection comparedas those with those who were reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Seemed okay when I opened it up.  Maybe she is looking for arrows from and to exact center of box edge or something else?	Comment by Winter, Kathleen T (CHFS DPH DEHP): Check this to see if I have interpreted the methods/results correctly. 

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?	Comment by Spicer, Kevin B (CHFS DPH DEHP): Yes, “of”

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more as likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can this be changed to “as”?

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.

1Epidemic Intelligence Service, CDC; 2Kentucky Department for Public Health; 3Division of Healthcare Quality Promotion, National Center for Emerging and Zoonotic Infectious Diseases, CDC. 4CEFO Program, Division of State and Local Readiness, Center for Preparedness and Response, CDC; 5Univeristy of Kentucky 

References



1.	Biswas N, Mustapha T, Khubchandani J, Price JH. The nature and extent of COVID-19 vaccination hesitancy in healthcare workers. J Community Health 2021;20:1–8. 

2.	Wang P, Nair MS, Liu L, et al. Increased resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7 to antibody neutralization. bioRxiv. 2021. Epub 2021/02/04. doi: 10.1101/2021.01.25.428137. PubMed PMID: 33532778; PubMed Central PMCID: PMCPMC7852271.

3.	Deng X, Garcia-Knight MA, Khalid MM, et al. Transmission, infectivity, and neutralization of a spike L452R SARS-CoV-2 variant. Cell 2021;184:3426–37.

4.	Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed Inform 2009;42:377–81. 

5.	Mounib EL ST. Automating the Selection of Controls in Case-Control Studies. SAS Proceedings. 2000(25).

6.	Saadat S, Rikhtegaran Tehrani Z, Logue J, et al. Binding and neutralization antibody titers after a single vaccine dose in health care workers previously infected with SARS-CoV-2. JAMA 2021;325:1467–9. 

7.	Edridge AWD, Kaczorowska J, Hoste ACR, et al. Seasonal coronavirus protective immunity is short-lasting. Nat Med 2020;26:1691–3. 

8.	Sui Y, Bekele Y, Berzofsky JA. Potential SARS-CoV-2 immune correlates of protection in infection and vaccine immunization. Pathogens 2021;10:138. 

9.	Stamatatos L, Czartoski J, Wan YH, et al. mRNA vaccination boosts cross-variant neutralizing antibodies elicited by SARS-CoV-2 infection. Science 2021. Epub 2021/03/27. doi: 10.1126/science.abg9175. PubMed PMID: 33766944; PubMed Central PMCID: PMCPMC8139425.

10.	Manisty C, Otter AD, Treibel TA, et al. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021;397:1057–8. 

* https://covid.cdc.gov/covid-data-tracker/#vaccinations

† https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.



 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
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Phone: 502-564-3261 x4231
Fax:  502-564-9626
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individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
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original message.
 
    
 

 
 

From: Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR) <bae7@cdc.gov> 
Sent: Thursday, July 29, 2021 7:24 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response
Strategic Scientific Unit <eocevent538@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
The SSU pre-clearance team has reviewed your manuscript and we have some required comments
that we request be addressed (see attached; comments on the Supplementary Figure provided in
the body of the manuscript). Contingent on the authors adequately addressing these comments
from SSU and any comments you may have received from CHEO, you can proceed to submit it to the
JIC for clearance.
 
We do not need to review the revised manuscript that addresses our comments. Please let me know
if you have questions.
 
Best wishes,
 
Barbara Ellis, PhD, MS (on behalf of the SSU pre-clearance team)
Cell: 404-216-8294
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From: CDC IMS 2019 NCOV Response Strategic Scientific Unit <eocevent538@cdc.gov> 
Sent: Thursday, July 29, 2021 9:55 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Ellis, Barbara (CDC/DDPHSS/OS/OD)
(CTR) <bae7@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 

Hello Alyson, 

 

Thank you for your submission. Our reviewers have received your request and will provide
feedback within 24 hours. Please let us know if you have any questions in the interim.   

 

If there is any correspondence between the author and reviewer, please copy the Strategic
Science Unit mailbox (eocevent538@cdc.gov) for tracking purposes.   

 

Thank you,

CDC IMS 2019 NCOV Response Strategic Scientific Unit
Email: eocevent538@cdc.gov 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Thursday, July 29, 2021 7:27 AM
To: CDC IMS 2019 NCOV Response Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS 2019
NCOV Response CHEO Team Clearance <eocevent559@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS
2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
Please see clean copies of the manuscript, 3 tables, and 1 figure for MMWR 1464 – Vaccination
associated with reduced risk of reinfection -  May-June, 2021 Kentucky.
 
Please let me know if anything further is needed at this time.
 
Thank you,
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To: Cavanaugh, Alyson (CHFS DPH DEHP)
Bcc: MMWR
Date: Monday, August 2, 2021 10:27:22 AM

“I, Kathleen Winter, agree to be included as an author on the manuscript, “Reduced Risk of
Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and
certify that I meet the qualifications for authorship for this article
 
 
Kathleen Winter, PhD, MPH
State Epidemiologist
Director, Division of Epidemiology and Health Planning
Kentucky Department for Public Health
275 East Main Street
Frankfort, KY  40621
Desk: 502-564-3418 ext. 4310
Cell: 502-892-9895
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From: CSTE Emergency Response
To: CSTE Emergency Response
Subject: NOT FOR DISTRIBUTION: EMBARGOED: CDC Science Brief SARS-COV-2 INFECTION-INDUCED AND VACCINE-

INDUCED IMMUNITY
Date: Friday, October 29, 2021 7:35:40 PM
Attachments: image.png

Outlook-dtyzt3vj.png
Infection and Vaccine Induced Immunity_Science Brief v10292021_DRAFT.docx

Importance: High

*****CLOSE HOLD: NOT FOR DISTRIBUTION ***** EMBARGOED ***** 
Sent to State Epidemiologists and the CSTE Executive Board, 

Please find attached an EMBARGOED copy of the new CDC Science Brief: SARS-COV-2 INFECTION-
INDUCED AND VACCINE-INDUCED IMMUNITY. EMBARGOED: This document CANNOT be shared
until it has been posted on the CDC website. We anticipate the document will be posted tonight
but we DO NOT have confirmation of the scheduled CDC go live or if it will happen today. THUS, I am
asking you please DO NOT SHARE until you have confirmed the document is live on the CDC
website. 

The CSTE National Office is in contact with CDC and will work to notify you all once it has gone live. 

Janet Hamilton, MPH (she, her)
Executive Director 
CSTE

*****CLOSE HOLD: NOT FOR DISTRIBUTION ***** EMBARGOED ***** 

--

Council of State and Territorial Epidemiologists
Emergency Preparedness & Response Mailbox
Business Hours Line: 770.458.3811
After-Hours Line: 678.256.3945
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DRAFT Version 10.29.21

SARS-CoV-2 Infection-induced and Vaccine-Induced Immunity



[bookmark: _Hlk82617176]This brief provides an overview of the current scientific evidence regarding infection-induced and vaccine-induced immunity, including both peer-reviewed and preprint publications, as well as unpublished CDC data. Although comprehensive, it is neither a formal systematic review nor meta-analysis. New data continue to emerge and will be updated periodically, as needed. 

Recovery from many viral infectious diseases is followed by a period of infection-induced immunologic protection against reinfection. This phenomenon is widely observed with many respiratory viral infections, including both influenza and the endemic coronaviruses, for which acquired immunity also wanes over time making individuals susceptible to reinfection. 

CDC continues to recommend COVID-19 vaccination for all eligible persons, including those who have been previously infected with SARS-CoV-2.



Executive Summary

Key findings and considerations for this brief are as follows:

· Available evidence shows that fully vaccinated individuals and those previously infected with SARS-CoV-2 each have a low risk of subsequent infection for at least 6 months. Data are presently insufficient to determine an antibody titer threshold that indicates when an individual is protected from infection. At this time, there is no FDA-authorized or approved test that providers or the public can use to reliably determine whether a person is protected from infection.

· The immunity provided by vaccine and prior infection are both high but not complete (i.e., not 100%). 

· Multiple studies have shown that antibody titers correlate with protection at a population level, but protective titers at the individual level remain unknown. 

· Whereas there is a wide range in antibody titers in response to infection with SARS-CoV-2, completion of a primary vaccine series, especially with mRNA vaccines, typically leads to a more consistent, and higher-titer initial antibody response.

· For certain populations, such as the elderly and immunocompromised, the levels of protection may be decreased following both vaccination and infection.

· Current evidence indicates that the level of protection may not be the same for all viral variants. 

· The body of evidence for infection-induced immunity is more limited than that for vaccine-induced immunity in terms of the quality of evidence (e.g., preferential selection of symptomatically ill persons) and types of studies (e.g., mostly observational cohort studies, some retrospective). There are insufficient data to extend the findings related to infection-induced immunity at this time to persons with very mild or asymptomatic infection or children.

· Substantial immunologic evidence and a growing body of epidemiologic evidence indicate that vaccination after infection significantly enhances protection and further reduces risk of reinfection, which lays the foundation for CDC recommendations.

 



Background

CDC recommends COVID-19 vaccination for all eligible persons, including those who have been previously infected with SARS-CoV-2 [1]. As of October 28, 2021 more than 45 million COVID-19 cases and over 740,000 deaths have been reported in the United States (US) [2]. Data from a seroprevalence survey that assessed for presence of antibodies and history of vaccination among US blood donors from January to August 2021 suggest that approximately half of previously infected adults in the US have not been vaccinated [3].

Both SARS-CoV-2 infection and COVID-19 vaccination induce an immune response that initially confers high levels of protection against symptomatic COVID-19 illness. This brief contains a review of evidence regarding vaccine-induced immunity and infection-induced immunity, including the initial immune response, antibody decay kinetics, protection from subsequent infection, impact of new variants, and effect of vaccinating previously infected individuals. 

Separate overviews have been written on the types of assays used to assess the serologic response to SARS-CoV-2 (Interim Guidelines for COVID-19 Antibody Testing | CDC) and detailed evidence of the immunity provided specifically by vaccines (Science Brief: COVID-19 Vaccines and Vaccination). 



Immune Response to Infection and Vaccination

Initial Immune Response to Infection

SARS-CoV-2 enters cells by binding to angiotensin converting enzyme-2 (ACE-2) receptors on the cell surface via the viral spike protein. As described in the Antibody Testing Guidelines, currently available serologic assays measure both overall production of antibodies against SARS-CoV-2 antigenic targets (binding antibodies) and functional ability to neutralize the SARS-CoV-2 virus via virus neutralization or pseudovirus neutralization tests (neutralizing antibodies). The antigenic targets most frequently assessed include those to the spike (S) protein, receptor binding domain (RBD) of the spike protein and nucleocapsid (N) core.  IgM, IgA, and IgG isotypes may be developed against any of these antigens. As discussed below, serum binding antibodies to S and RBD and neutralizing antibodies, have all been shown to correlate with protection against symptomatic SARS-CoV-2 infection.

SARS-CoV-2 infection induces a robust humoral and cellular immune response [4-8]. SARS-CoV-2-specific IgA and IgG have been detected from both mucosal sites and the serum of infected individuals [8]. IgM, IgA, and IgG can be detected in the blood 5–15 days following symptom onset or a positive reverse transcriptase polymerase chain reaction (RT-PCR) test, with IgM typically appearing first [6, 9]. IgM antibodies peak within the first few weeks following symptom onset, then fall below detectable limits 2–3 months after infection [6, 9, 10]. IgA antibodies also decrease rapidly, with some studies noting a return to undetectable levels within the first 3 months following infection [9]. IgG antibodies are more durable, though waning is also noted as described below. SARS-CoV-2-specific memory B- and T-cells also begin to appear within the first month following infection [11].

The vast majority of persons with SARS-CoV-2 infection generate detectable anti-SARS-CoV-2 antibodies, with multiple studies reporting seroconversion rates of 90% or higher [10, 12]. One large population-based study reported a lower seroconversion rate of 76%, though, among those who did not seroconvert in this study, only 21% reported symptoms, and authors noted that only 34% had strong evidence of a true-positive PCR [13]. Among individuals who seroconvert following infection with SARS-CoV-2, substantial heterogeneity exists, with a 200-fold difference in peak antibody titers noted in some studies [11]. 

Multiple factors contribute to the degree of immune response mounted following infection. Both binding and neutralizing antibody titers rise faster and reach a higher peak in persons with more severe COVID-19 [9, 10, 14]. People with symptomatic SARS-CoV-2 infection tend to have higher antibody titers than people who are asymptomatic, and people who are hospitalized tend to have higher antibody titers than people managed as outpatients [9, 10, 15, 16]. Studies have also demonstrated a correlation between cycle threshold (Ct) value and antibody titer, with lower Ct values being associated with higher antibody titers at the population level [9, 13]. 

[bookmark: _Hlk84882188]Most studies did not find a relationship between sex and level of peak binding or neutralizing antibody titer. Increasing age has been associated with decreased likelihood of seroconversion [13] but higher peak antibody titers among those who do seroconvert [10, 11, 13, 15]. Lower rates of seroconversion have also been reported in persons with hematologic malignancies or receiving certain immunosuppressive medications [17, 18]. Data on the impact of other medical conditions is more variable and often confounded by the increased risk of severe disease in persons with certain underlying medical conditions.  

Initial Immune Response to Vaccination

As of October 28, 2021, approximately 92% of people who have been vaccinated in the United States received one of two FDA-approved or authorized mRNA vaccines (Pfizer/BNT1272b2 and Moderna/mRNA-1273), and 8% received an adenovirus vector vaccine (Janssen/Ad26.COV2.S) [2]. Both vaccine types are designed to elicit an immune response against the spike protein that is required for SARS-CoV-2 binding, fusion, and cell entry. Consequently, vaccination induces the production of anti-S and anti-RBD binding and neutralizing antibodies in the blood, but not anti-N antibodies. Similar to infection, vaccines result in early production of serum IgA, IgM, and IgG antibodies [19, 20], and also induce long-lasting memory B- and T-cell responses [19, 21-23]. 

In immunogenicity analyses completed during phase I/II vaccine trials, 100% of participants developed both binding and neutralizing antibodies following vaccination with Pfizer-BioNTech and Moderna vaccines, and 90% of participants developed binding and neutralizing antibodies following vaccination with the Janssen vaccine [24-26].  Whereas there is a wide range in antibody titers in response to infection with SARS-CoV-2, completion of a primary vaccine series, especially with mRNA vaccines, typically leads to a more consistent, and higher-titer initial antibody response [24, 26-29]. However, similar to infection, this immune response may be decreased in older and immunosuppressed persons. Decreased rates of vaccine-induced seroconversion have been reported among persons with a variety of immune suppressing conditions, including those on certain immunosuppressive medications, post-solid organ transplant, and with hematologic cancers [30-34]. Studies have also found that persons aged 65-80 years and above have significantly lower peak anti-S and neutralizing antibody titers following vaccination than persons less than 65 years [35-40]. This is of particular concern given the increased risk of severe disease in older and immunosuppressed populations [41, 42]. 



Correlation of Immune Response Metrics to Protection

Multiple correlate-of-protection studies have demonstrated that higher antibody titers are associated with decreased risk of subsequent symptomatic SARS-CoV-2 infection. Data from both the phase 3 AZD1222 and mRNA-1273 vaccine efficacy trials demonstrated that quantitative titers of anti-S IgG, anti-RBD IgG, and pseudovirus and SARS-CoV-2 neutralizing antibody tests all correlate with protection against symptomatic infection (though not asymptomatic infection), with neutralizing antibodies having the strongest correlation in both of these studies [43, 44]. 

Analysis of data across studies has been difficult due to a lack of standardization of serologic assays [45]. Two different studies used data from seven vaccine efficacy studies (standardized against mean convalescent plasma titers) and one convalescent plasma/reinfection study to model effectiveness as a function of antibody titer [46, 47]. These found a high degree of correlation between mean peak neutralizing antibody titers and anti-S IgG binding antibodies within a population, and overall decrease in risk of infection. One study estimated that neutralizing antibody titers amounting to only 20% of the mean convalescent plasma neutralizing antibody titer (54 international units/ml using the WHO standard) correlated with a 50% reduction in infection risk; this appeared robust in predicting the effectiveness of vaccines not included in the model [46, 48]. Of note, the level of antibody associated with protection against severe disease was much lower than the level required to provide protection against infection, with only 3% of the mean convalescent antibody titer level correlating with 50% protection against severe disease [46]. 

Other immune mechanisms are also important in preventing SARS-CoV-2 infection and limiting COVID-19 illness severity, although their direct correlation with protection is less defined at this time. A study of rhesus macaques found that adaptive transfer of plasma with high titers of neutralizing antibodies was sufficient to protect from infection following a SARS-CoV-2 challenge. However, depleting CD8+ T cells compromised their ability to prevent infection once neutralizing antibodies had waned [49]. Analysis of antibody, B-cell and T-cell responses in acutely infected and convalescent humans has shown that protection depends on coordination of all three components of the immune response [50]. In the mRNA-1273 phase 3 clinical trial described above, investigators estimated that 68.5% (95% CI 58.5–78.4) of the protective effect of vaccination could be attributed to initial neutralization titers with some degree of protection occurring following vaccination, even when neutralization titers were not detected [43]. These, along with studies noted above, suggest that, while the magnitude of antibody response following infection or vaccination is correlated with protection and the absence of antibody with risk, antibody test results (particularly when not standardized nor quantitative) provide only a partial picture of an individual’s immune response. At this time there is no specific antibody test or antibody threshold that can determine an individual’s risk of subsequent infection.  

Immune Response Kinetics and Duration of Protection

Immune Response Kinetics Following Infection

[bookmark: _Hlk84884268]Antibody titers peak within 3-5 weeks following infection and then begin to wane in a manner that varies by individual, target antigen, antibody isotype, and assay used [6, 51]. Anti-N antibodies appear to wane fastest, followed by anti-RBD, then anti-S antibodies. Although at least 30% of persons may lose detectable anti-N antibodies within 10 months after infection, anti-S and overall SARS-CoV-2-specific IgG remain detectable in approximately 90% of persons who seroconvert up to 10 months to one year post-infection [16, 52]. Neutralizing antibodies appear to have a biphasic decline with an initial half-life of 2–3 months followed by a slower decline [11, 14, 15]. (Table 1)

For at least 2–3 months following infection, people with moderate-to-severe COVID-19 illness have higher titers of binding and neutralizing antibodies than people with mild illness [9, 14]; these differences may persist for 5–8 months following infection [11, 15]. 

B cells targeting SARS-CoV-2 increase in the first month and then remain at higher concentrations for at least 8 months post infection [11, 14, 53]. SARS-CoV-2-specific CD4+ T cells increase then decline with a half-life of approximately 3-7 months; CD8+ T cell measurements varied with at least one study reporting virtually no decline over the initial 4 months post-infection [11, 14]. (Table 1).

Protection from Reinfection in Cohort Studies

Multiple studies have compared the incidence of reinfection and primary infection during a specific time period to evaluate the level and duration of protection provided by initial infection with SARS-CoV-2. Table 2 summarizes data from seven observational cohort studies from six countries, each with >10,000 participants, assessing the risk of reinfection over time. Five studies used RT-PCR positivity to define initial infection. In these studies, primary RT-PCR-confirmed SARS-CoV-2 infection decreased risk of subsequent infection by 80–93% for at least 6–9 months [54-58]. Studies specifically assessing persons seropositive with anti-N and anti-S antibodies following infection [16, 45] found slightly higher protective effects (89–93%). Most studies had a mean or median follow-up period of approximately 7 months; the longest reported follow-up was 12 months post-infection [58]. Three studies included sub-analysis to assess if the protection waned over time; none of these found a decline in protection within the follow-up period [54, 55, 57]. 

It is important to note that all of these studies were observational and all but two were retrospective. Low availability of testing early in the pandemic may have biased these studies towards populations that were more likely to have had symptomatic or medically attended primary infection. Most were unable to control for any potential differences in test- or healthcare-seeking behaviors between previously infected and naïve persons, though a large proportion of the reinfections reported across the studies were asymptomatic infections (Table 2).  In one of the prospective cohort studies, over 25,000 healthcare workers were tested using RT-PCR testing every 2 weeks, allowing a more comprehensive ascertainment of reinfections. This study found that a history of previous RT-PCR-confirmed infection provided 93% protection against a subsequent symptomatic infection, 52% protection against asymptomatic infection, and 84% protection against overall infection with SARS-CoV-2 [54].  

Many of these studies were completed just as vaccination was being rolled out in their respective countries, which makes it challenging to follow-up and determine when immunity after infection wanes and what markers best predict this waning. Based on the trajectory of antibody decline, researchers have predicted that the immune response following infection would continue to provide at least 50% protection against reinfection for 1–2 years following initial infection with SARS-CoV-2 or vaccination [13, 46].  This would be similar to what is observed with seasonal coronaviruses [59]. Further epidemiologic analyses are needed to confirm these hypotheses.

Of note, these studies occurred when the ancestral strain and Alpha variant were the predominantly circulating variants. There is evidence that protection may decrease in the setting of more transmissible variants of concern (VoC) and variants being monitored (VBM), as discussed below. 

Immune Response Kinetics Following Vaccination

Anti-S, anti-RBD and neutralizing antibodies remain detectable at least 6–8 months following vaccination [21, 22, 60]. Neutralizing titers following vaccination with the mRNA-1273 vaccine are estimated to decay with a half-life of 68–202 days, whereas binding anti-RBD antibodies decline with a half-life of 52–109 days [60]. These rates of antibody decay overlap with those reported for convalescent individuals (as shown in Table 1), though at least one preprint study reported less rapid decay among people recovered from infection compared with those vaccinated with BNT162b2 [28]. As with infection, the protective effect of vaccine-induced immunity is also supported by longer-term components of the humoral response, including memory B cells [21, 23, 61]; vaccine-induced CD4+ and CD8+ T cells continue to be relatively stable up to 6–8 months following vaccination [21, 61].

Although some studies have reported a faster decay of antibodies in persons 65 years or older, as compared to persons less than 65 years, lower anti-S and neutralizing antibodies at 2–6 months post vaccination appear to be at least partially attributable to lower peak antibody titers in this population [39, 40]. Nursing home residents are a unique population given age, co-morbidity, and congregate-setting associated risks. One study reported that detectable pseudovirus neutralization fell from 84% to 30% among nursing home residents (median age: 76 years, age range: 48–100 years) between 2 weeks and 6 months following vaccination; this was significantly faster than the rate of decline reported among staff-member controls (median age: 48 years, age range: 26–76 years), 81% of whom continued to have detectable neutralization at 6 months post-vaccination [42].

Duration of Immune Protection from Vaccination

Evidence is still accruing regarding the duration of protection following vaccination. Using antibody kinetics, one model predicted that an initial vaccine effectiveness of 90% would likely decline to approximately 70% around 250 days post-vaccination [46], not accounting for other factors such as non-serologic components of the immune response or the impact of new circulating variants. 

Both Pfizer-BioNTech and Moderna released data from their phase 3 trials reporting overall high efficacy of mRNA vaccines against laboratory confirmed SARS-CoV-2 infection 5-6 months following vaccination. Pfizer-BioNTech reported an overall vaccine efficacy of 91% against infection and 97% against severe disease 6 months after vaccination with BNT162b2, though also reported a gradual decline in efficacy against infection from 96% at 7 days–2 months to 84% at 4–6months [62]. Moderna reported 93% efficacy at a median of 5 months after vaccination with mRNA-1273, without further details on the rate of decline in efficacy over time [63].   

As described in greater detail in CDC’s COVID-19 Vaccine and Vaccination Science Brief and in a October 2021 Advisory Committee on Immunization Practices presentation, recent studies have demonstrated waning of both antibody titers and vaccine effectiveness against infection over time, especially among older populations [42, 64]. Decreased vaccine effectiveness may reflect a combination of waning antibody titers and decreased neutralizing capacity in the setting of widespread circulation of variants with partial immune escape. Notably, multiple studies have found that vaccine effectiveness against hospitalization and/or severe disease continues to be high, ranging from 84–96%, up to 6 months following vaccination [65-68]. 



Impact of Variants on Infection- and Vaccine-Induced Immunity

Variants of SARS-CoV-2 have emerged with multiple mutations in the spike protein that can result in decreased neutralization by antibodies, including those induced by either prior infection or vaccination [19, 69]. 

There is laboratory evidence that persons previously infected with the original lineage of SARS-CoV-2 have reduced neutralizing antibody titers against certain variants (i.e., Beta, Gamma, and Delta variants) [70-73]. One study found that among 367 unvaccinated persons assessed 12 months after infection, 98% had detectable anti-S IgG and 91% had neutralizing antibodies against wild-type virus.  By comparison, amongst a subset of 78 persons assessed for neutralizing antibodies against particular variants, these were detectable in 84%, 68%, and 55% for Alpha, Delta, and Beta variants respectively [72]. Of note, absence of neutralization activity was higher among people reporting mild infection versus those with severe disease [72]. 

In studies examining neutralization from convalescent sera and vaccinated individuals together, the relative reduction in neutralization appears to be similar across both groups. A number of studies reported a 2- to 4-fold reduction in neutralization against Delta and a 6-fold (or higher) reduction in neutralization against Beta but minimal decreased neutralization against Alpha, as compared to the original SARS-CoV-2 lineage, for both convalescent and vaccinated individuals [70, 74, 75]. 

Decreased neutralization against Delta parallels reduced vaccine effectiveness against infection, but effectiveness remains high against hospitalization or severe disease [65, 66]. As highlighted in the COVID-19 Vaccine and Vaccination Science Brief, recent studies from the United States, United Kingdom, and Qatar have reported vaccine effectiveness of 54–85% against SARS-CoV-2 infection compared with 90–100% against hospitalization/severe disease during periods of widespread circulation of Delta [65, 76-78]. 



Comparison of Infection- and Vaccine-induced Immune Responses 

A systematic review and meta-analysis including data from three vaccine efficacy trials and four observational studies from the US, Israel, and the United Kingdom, found no significant difference in the overall level of protection provided by infection as compared with protection provided by vaccination;  this included studies from both prior to and during the period in which Delta was the predominant variant [79].  In this review, the randomized controlled trials appeared to show higher protection from mRNA vaccines whereas the observational studies appeared to show protection to be higher following infection.

[bookmark: _Hlk86135673]A more recent analysis of data from a network of 187 hospitals in the United States found that, among more than 7,000 COVID-19–like illness hospitalizations whose prior infection or vaccination occurred 90–179 days beforehand, there was a 5.5 times higher odds of laboratory-confirmed COVID-19 among previously infected patients than among fully vaccinated patients [80]. This study included data on persons more recently infected and/or vaccinated than the studies in the systematic review, though the authors noted one limitation of the design was the potential of missing testing that may have occurred outside of the healthcare network.

The Office of National Statistics in the United Kingdom used data from a large-scale longitudinal community survey of COVID-19 to compare the risk of infection among fully vaccinated, partially vaccinated, unvaccinated/previously infected, and unvaccinated/uninfected persons during two different periods 1) when Alpha was the predominant variant (December 2020–May 2021) and 2) when Delta was the predominant variant (May–August 2021) [81]. Based on results that included over 26,000 RT-PCR positive tests, they found full vaccination to provide the greatest protection during the Alpha predominant period (79% vs. 65% reduction in risk), but equivalent protection from full vaccination and infection during the Delta predominant period (67% vs. 71% reduction in risk).  



Vaccine-induced Immune Responses after Previous Infection 

Although there appears to be varying evidence regarding the relative protection that occurs after surviving COVID-19 as compared with completing vaccination, there is substantial immunologic and increasing epidemiologic evidence that vaccination following infection further increases protection against subsequent illness among those who have been previously infected.

Immunologic Data on Vaccination Following Infection

There is clear evidence that neutralizing antibody and memory B cell response elicited by a single dose of mRNA vaccine following previous infection with SARS-CoV-2 results in an increased antibody titer that is approximately equivalent to a two-dose vaccine regimen in individuals who were not previously infected (Table 3) [22, 23, 82-89]. In one study of healthcare workers vaccinated 7–11 months after infection with SARS-CoV-2, antibody titers measured 6 days following their first vaccination dose were twice as high as the antibody titers measured the month after their initial infection, and were able to neutralize wildtype, Alpha, and Beta variants, irrespective of vaccine type, number of doses, or pre-vaccination antibody titers [90]. 

Risk of Reinfection in Unvaccinated vs. Vaccinated Individuals with a History of Infection

In studies directly comparing risk of reinfection among previously infected individuals who were never vaccinated versus individuals who were vaccinated after infection, most, but not all studies show a benefit of vaccination. One retrospective cohort study described risk of reinfection from December 2020–May 2021 among 2579 US-based healthcare users previously infected with SARS-CoV-2, about 47% of whom were vaccinated over the course of the study.  Investigators did not detect any cases of reinfection, regardless of vaccination status during 5 months of observation and so could not detect a benefit of vaccination [91]. In contrast, a case-control study conducted among 738 residents of Kentucky with reported infection during March–December 2020 found that previously infected persons who were unvaccinated had 2.3 times greater odds of reinfection during May–June 2021 than previously infected but vaccinated individuals [92]. Both of these studies occurred before Delta became the dominant variant in the United States. 

More recent observational cohort studies including over 700,000 health system users in Israel and over 11,000 healthcare workers in India reported that history of prior infection provided greater protection from subsequent infection than vaccination alone, but overall risk of infection was lowest among those that were vaccinated following infection during periods of Delta predominance [93, 94]. In the systematic review described above, a pooled analysis across seven studies showed a modest, but significant increase in protection from infection when previously infected individuals were vaccinated [79].  



Limitations 

This review summarizes characteristics of infection- and vaccine-induced immune responses, evidence regarding duration of immunity, and the potential impact of circulating variants. The approach was limited in scope focusing primarily on articles that were published in high-impact journals or novel in their findings; therefore, this does not represent a systematic review of all the scientific literature on SARS-CoV-2 infection-induced immunity. Particular biases related to observational study designs have been discussed above. The majority of studies included in this review came from a small number of countries, often with limited diversity in participants. Many of the immunologic studies did not include detailed demographic data. More consistent inclusion of descriptive data about demographics of participating populations (e.g., race/ethnicity, socioeconomic status, educational attainment) and conscious efforts to improve the racial, ethnic, and social diversity of participants in studies would be of great benefit in ensuring that related policies address the needs of all populations.  



Conclusions

Multiple studies in different settings have consistently shown that infection with SARS-CoV-2 and vaccination each result in a low risk of subsequent infection with antigenically similar variants for at least 6 months. Numerous immunologic studies and a growing number of epidemiologic studies have shown that vaccinating previously infected individuals significantly enhances their immune response and effectively reduces the risk of subsequent infection, including in the setting of increased circulation of more infectious variants. 

Although the Delta variant and some other variants have shown increased resistance to neutralization by both post-infection and post-vaccination sera in laboratory studies, observed reduction in effectiveness has been modest, with continued strong protection against hospitalization, severe disease, and death. 

Multiple studies have shown that antibody titers correlate with protection at a population level; however, data are presently insufficient to determine an antibody titer threshold that indicates if an individual is protected from infection. At this time, there is no FDA-authorized or approved test that providers or the public can use to reliably determine whether a person is protected from infection.

CDC will continue to follow and evaluate evolving scientific evidence in these areas and update recommendations accordingly.  








Table 1: Duration of various immune markers after infection, multiple studies

		Immune marker

		Half-life/Duration

		Citation



		Anti-nucleocapsid IgG

		63–85 days 

		[11, 14, 15, 53]



		Anti-spike IgG

		126–229 days



		[11, 13-15, 52, 53] 



		Anti-receptor binding domain

		83–126 days



		[11, 14, 53]



		Neutralizing Abs

		55 days (at <70 days post infection), then 519 days

150 days (at >42 days), then 254 days (at>120 days post symptom onset)

		[14]



[53]



		Pseudovirus neutralization

		90–114 days

		[11]



		Memory B Cells

		Increased over initial 4 months, then sustained 

		[11, 53]



		CD4+ T Cells



		Increased over first month then declined with half-life of 94–207 days

		[11, 14, 53]



		CD8+ T-Cells

		Increased over first month then declined with half-life of 125–690 days

		[11, 14, 53]
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Table 2: Summary of Cohort Studies with N>10,000 and Population-level Observational Studies on Reinfection, Multiple locations 

		Study Design/ Location

		Population/

Sample Size

		Definition of initial infection

		Follow-up period

		Definition of reinfection

		Key Findings:

		Citation



		Multicenter prospective cohort (SIREN) with routine RT-PCR  and antibody testing every 2-4 weeks

United Kingdom

		Healthcare workers (HCWs)

Median age: 46 yrs (Range: 18–84yrs)

(N = 25,661)

		RT-PCR or antibody positive

(n = 8278)

		Enrolled: Jun–Dec 2020

Data extracted Feb 2021



		RT-PCR positive >90 days following previous positive RT-PCR or >4 weeks following prior positive antibody test (further classified as confirmed, probable, or possible from clinical review)

		Incidence of reinfections: 7.6 per 100,000 person-days compared to 57.3 for per 100,000 person-days for primary infections

SARS-CoV-2 infection offered 84% protection against infection (93% against symptomatic infection) at 7-months following primary infection

Mean interval to reinfection was 200 days

50% of cases were symptomatic

		[54]



		National-level observational study


Denmark

		Individuals tested nationally during 1st wave 

(N = 525,339)

		RT-PCR positive during the 1st wave (Mar–May 2020)

(n = 11,068)

		Assessed for reinfections during 2nd wave (Sep–Dec 2020) 

		RT-PCR positive during the 1st and 2nd wave (or subsequent positive >90 days later in alternative analysis)

		Protection against repeat infection was 80.5% overall; 47.1% in persons >65years (in alternate analysis)

No difference found when comparing 3-6 months to >7 months of follow-up

		[55]



		Retrospective observational study (national reporting system)



Austria

		Compared “COVID-19 survivors” from first wave to general population 

(N~8.9 million)

		Positive RT-PCR during 1st wave (Feb to April 2020) excluding deaths

(n = 14,840)

		Assessed for reinfections during 2nd wave (Sep–Nov 2020)

		RT-PCR positive during 1st and 2nd wave (did not track infections that occurred from May to Aug 2020)

		Odds ratio (OR) for reinfection amongst COVID-19 survivors compared to general population was .09

Mean time to reinfection was 212 days

Noted 5 hospitalizations and one death amongst 40 “tentative” reinfections, though death was thought to be unrelated

		[56]



		Retrospective cohort study (health system)

United States

		Healthcare users tested for COVID-19 from Mar to Aug 2020

Mean age: 51 years (SD: 22 years)

(N = 150,325)

		RT-PCR positive prior to Aug 30, 2020 

(n=8,845)

		Initial testing: Mar–Aug 2020

Follow-up through Feb 2021

		RT-PCR positive ≥90 days after initial positive test

		Protection against repeat infection was 81.8% overall and 84.5% against symptomatic infection

Average time to reinfection was 139 days; protection increased over time

50% of possible reinfections were symptomatic



		[57]



		Population-level observational study (using laboratory-system)


Italy

		Healthcare users

Median age: 59 years (Range: 0-108 years)

(N = 15,078)

		RT-PCR positive during 1st wave (Feb–Jul 2020)

(n = 1579)



		Mean follow-up: 280 days



		RT-PCR positive test >90 days after resolution of first infection (with at least 2 consecutive negative tests in-between)

		Incidence of reinfections: 1.0 per 100,000 person days compared to 15.1 per 100,000 person days for primary infections

Incidence rate ratio (IRR) 0.07 (93% reduction in risk) 

Mean interval between primary infection and reinfection was >230 days

Of 5 reinfections, 1 required hospitalization

		[58]



		National-level observational study (using national laboratory)


Qatar

		Individuals with testing data in centralized national database, from April to Dec 2020 

Median age: 35-38 years

(N = 192,967)

		Antibody positive from Apr–Dec 2020

(n = 43,044)

		Median follow-up: 16.3 weeks (range: 0–34 weeks)

		RT-PCR-positive >14 days after infection, assessed clinically for evidence of reinfection and then adjusted for proportion that were able to be confirmed as genetically distinct in paired genomic sequencing

		Calculated incidence rate of reinfection as 0.66 per 10,000 person-weeks compared to 13.69 per 10,000 person weeks for primary infection

Amongst antibody-positive individuals, protection was estimated at 95.2% for up to 7 months of follow-up

Incidence of reinfections did not increase with time

Reinfections were less severe than primary infections (none were critical or fatal)

		[95]



		Prospective Cohort

United Kingdom

		HCWs at four Oxford University teaching hospitals

Median age: 38 years

(Range: 18-86 years)

(N = 12,541)

		Anti-S IgG positive 

(n = 1265)

		Initial testing: Mar 2020

Follow-up until Nov 2020 (31 weeks)

		RT-PCR positive 60 days or more after their first positive antibody test or RT-PCR test

		Incidence of reinfection: 0.13 per 10,000 days at risk compared to 1.09 per 10,000 days at risk for seronegative participants

aIRR of 0.11 (89% reduction in risk)

All reinfections were asymptomatic

		[96]







Table 3: Selected studies evaluating the immune response to a 1st and 2nd dose of mRNA vaccine following previous infection



		Participants

		Effect of 1st dose if previously infected vs. 2nd dose if SARS-CoV-2 naïve 

		Effect of if previously infected, 2nd dose vs. 1st dose 

		Notes

		Citation



		SARS-CoV-2 naïve (n=33) or previously infected (n=11; 65–275d prior); similar age and sex distribution who received two doses of Pfizer-BioNTech  or Moderna vaccine

		Antibody and memory B cell responses 2 weeks after 1st dose similar to SARS-CoV-2 naïve participants 1 week after 2nd dose

		No increase in overall or neutralizing antibodies, or spike-specific memory B cells

		Included assessment of response to B.1.351 variant

		[22]





		Study within cohort of participants who were SARS-CoV-2 naïve (n=490 post dose 1, n=228 post dose 2) or previously infected (n=35 post dose 1, n=11 post dose 2)

		Anti-RBD IgG no difference ≤21d post 1st dose than for SARS-CoV-2 naïve participants ≤21d after 2nd dose (10.0 [9.2–10.4] vs. 9.9 [9.4-10.3)

		No difference in Anti-RBD IgG (10.2[8.4–10.5] vs. 9.9 [9.4–10.3])

		Sensitivity analysis including participants with data at all time points found similar results. Timing of previous infections not specified.

		[86]





		Study within cohort of participants who were SARS-CoV-2 naïve (n=67 post dose 1, n=36 post dose 2) with previously infected (n=43 post dose 1, n=19 post dose 2)

		Median anti-spike IgG 6-fold higher after 2nd dose than SARS-CoV-2 naïve participants after 1st dose

		No increase in antibody titers after 2nd dose

		Assay measured by area under the curve; antibody levels 10–45 times higher at baseline if previous infection. Timing was soon after 2nd dose but was unspecified; timing of prior infection is also unknown. 

		[88]





		Group receiving 2 doses of Pfizer-BioNTech  vaccine, either previously infected (n=6, 2–7 months post-infection) or SARS-CoV-2 naïve (n=9)

		Neutralizing anti-RBD IgG at day 7 post 1st vaccine dose in previously infected group no different to day 7 post 2nd dose in uninfected group (GMT, 95% CI: 906, 552–1348 vs. 670, 364–1228, p = NS)

		Results chart indicates no difference between antibody titers after 1st vs. 2nd dose (numbers not provided)

		

		[87]





		Healthcare workers infected a median of 2 months previously (n=18), 9 months previously (n=19) or SARS-CoV-2 naïve (n=73) who received 2 doses of Pfizer-BioNTech  vaccine.

		(not assessed)

		No substantial difference in binding assay (0.92-fold) or neutralizing titers (1.17-fold) between 21d after 1st dose and 28 days after 2nd dose

		Similar antibody responses after vaccine by whether previous infection was ~2 months or ~9 months previously

		[82]





		Cohort of recipients of Pfizer-BioNTech  vaccine previously infected (n=51; 25 in 1st wave, 26 in 2nd wave) or SARS-CoV-2 naïve (n=50)

		Irrespective of time since infection, previously infected recipients had higher spike-specific IgG and pseudovirus neutralization than previously uninfected after 2nd dose.

		Neutralization did not increase between 1st and 2nd doses. 

		This study noted similar trends for IgA, IgM, and IgG. There is limited information on timing of tests after vaccine doses. 

		[85]





		Group of recipients of Pfizer-BioNTech  vaccine previously infected (n=23; 1–9 months after infection) or uninfected (n=23)

		Higher IFN-gamma 20 d after 1st dose if previous infection than 20d after 2nd if no previous infection 

		IFN-gamma declines after 2nd dose (but boosted after 1st dose)

		IFN-gamma from CD4+ T cells assessed to SARS-CoV-2 spike and peptide pools. Note that a separate analysis indicates natural infection drives IFN-gamma responses more than vaccine-induced immunity.

		[84]





		Recipients of Pfizer-BioNTech  vaccine, 1 dose if previously infected (n=43; 17 with severe illness 12 months prior; 17 with mild illness 12 months prior; 9 with mild illness 6 months prior); or 2 doses if SARS-CoV-2 naïve * (n=25)

		Two months after 2nd dose without previous infection, similar antibody levels but lower neutralization against variants, lower proportion of anti-spike B cells that were anti-RBD, and less diverse responses. Neutralizing B-cell clones were present but less common without infection. 

		(Not assessed)

		Stable IgG and memory B-cells 6 to 12 months after infection.

		[23]





		Recipients of Pfizer-BioNTech  or Moderna vaccine, anti-nucleocapsid negative (n=148) or positive (n=20; mostly by RT-PCR)

		Similar titers of anti-spike antibody if previously infected ~21 days post dose 1 compared with ~66 days after dose 2 if SARS-CoV-2 naïve.

		No increase in median anti-spike or anti-RBD titers. However, no. post infection with neutralizing antibodies increased from 10/15 to 12/15 and varied by individual. 

		Timing of RT-PCR positive tests is unclear. 

		[89]
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Thank you for reviewing.  I will send this later this afternoon.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 12, 2021 10:09 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: actual numbers, please? -DRAFT response
 
I totally agree with Kevin – it’s not our battle to fight, we are just adding a nugget of data to the
understanding of the overall situation.  I think your answer is great.  The only addition I would
suggest if you have it easily available is to add references for some of those observational studies
that you mentioned in the first sentence, “. . . several observational studies have shown significantly
lower incidence of infection among those with prior SARS-CoV-2 infections compared to those
without previous infections.”
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
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Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 12, 2021 9:56 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: RE: actual numbers, please? -DRAFT response
 
Hi Alyson,
 
I realize you may have already responded, and I have nothing significant just some very minor edits.
 
I think it best to do what you have done, which is to keep the response brief and to the point.  The
inquiry I believe is trying to pull us into a larger policy and ethical debate.
 
Nicely done.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 11, 2021 8:40 AM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: actual numbers, please? -DRAFT response
 
Good morning,
This is a message received in regards to MMWR.  Attached is drafted response.  Please let me know
if you think any additional changes to the drafted response are needed.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
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From: Matt Birchmeier <mjbirchmeier@hotmail.com> 
Sent: Saturday, August 7, 2021 8:30 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: actual numbers, please?
 
Dr. Cavanaugh,
I read with interest your article here.  However, as one PhD scientist to another, I found that
the text you presented was completely lacking in a very important detail: what was the actual
odds of someone who has previously been infected, of becoming re-infected during the
study?  You cite the 2.3X higher risk, but it matters greatly whether the risk of reinfection is
0.1% or 1% or 10% or 90%.  Certainly, those numbers were generated during your study.  You
should present them.  The Missouri study that I linked below found a <1% rate of reinfection
among those who had significant illnesses.  Furthermore, particularly hard hit areas like
Detroit, Michigan, still seem to be benefiting from a strong degree of natural immunity, 1+
year after the worst of the pandemic, in spite of a low vaccination rate.
 
There is a very good argument that the benefits of vaccinating previously infected people in
the US are less than the benefit of vaccinating naive populations elsewhere in the world.  That
question may be an ethical debate for another day.  But hopefully you can see that the
absolute numbers around reinfection are important in that debate!  If the risk of reinfection is
90%, then certainly that vaccination in Kentucky is important, both from an ethical and policy
perspective.  If the risk of reinfection is 0.7%, then perhaps someone in Vietnam should
receive that dose.
 
Please update your publication at the earliest opportunity, to better inform the American
public of what the true risks around COVID are.  Most media outlets seem content to scare
people rather than truly inform them; I would hope for much better from the CDC.  We CAN
handle the truth, if only you would tell the whole truth.
 
Best regards,
Matthew J. Birchmeier, Ph.D.
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
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Although laboratory evidence suggests
that antibody responses following
CO

VID-19 vaccination provide better
neutralization of som

e circulating
variants than does natural infection (1,2),
few real-world epidem

iologic studies
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Study Finds CO
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Reinfection Rate Less Than
1%

 for Those with Severe
Illness - M
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A review of m

ore than 9,000 U.S.
patients with severe CO

VID-19 infection
showed less than 1%

 contracted the
illness again, with an average reinfection
tim

e of 3.5 m
onths after an initial

positive test. Those are the findings from
 

 
 

 
 

 
 

 
 

 
 

 
 

 
m

edicine.m
issouri.edu

  

IR
#0588 - KT D

PH
 - Production_000342

m m 

https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__https:/www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0hUN_l5Ng$
https://urldefense.com/v3/__http:/www.cdc.gov__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0gOK4QiGw$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$
https://urldefense.com/v3/__https:/medicine.missouri.edu/news/study-finds-covid-19-reinfection-rate-less-1-those-severe-illness__;!!Db6frn15oIvDD3UI!2AJzUlKsaNAbHeWOmAhLHRTbjkb7f56NApZrnqXGC7Ti734FdZJQ4yVLu4aPR0jq9ZzFUg$


From: Winter, Kathleen T (CHFS DPH DEHP)
To: Alexander, Kelly N (CHFS DPH)
Subject: Re: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher Protection than

Previous COVID-19 Infection
Date: Friday, August 6, 2021 12:46:37 PM
Attachments: image002.png

Get Outlook for iOS

From: Winter, Kathleen T (CHFS DPH DEHP)
Sent: Friday, August 6, 2021 12:23:54 PM
To: Alexander, Kelly N (CHFS DPH) <kelly.alexander@ky.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 
Dr. Walensky’s statement will be at 1pm
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:23 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Sorry for flooding e-mail but this went out to media and has more info than the previous message I
forwarded.
 
I also heard from AP reporter that there is a JAMA article being released today that again finds higher
antibody response after vaccination of previously-infected individuals.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or
entity to which it is addressed and may contain confidential information that is legally privileged and exempt from
disclosure under applicable law.  If the reader of this message is not the intended recipient, you are notified that any
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review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you have received this
communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 
 
 

From: Brower, Melissa (CDC/DDPHSS/CSELS/OD) <ggk5@cdc.gov> 
Sent: Friday, August 6, 2021 12:20 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

This went out to CDC’s media list while we were talking to Mike.  Just FYI 
 

From: Media@cdc.gov (CDC) <sohco@cdc.gov> 
Sent: Friday, August 6, 2021 11:49 AM
To: Media@cdc.gov (CDC) <sohco@cdc.gov>
Subject: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

The MMWR is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 
August 6, 2021
 
Please see the attached E-books for:
 
“Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
“Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
“Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
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states, COVID-NET, February–April 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w

Thank you,

CDC News Media Branch
404-639-3286
 

The Media Statement is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 Media Statement
EMBARGOED FOR 1PM ET
Friday, August 6, 2021
 
Contact: CDC Media Relations
(404) 639-3286

 

New CDC Study: Vaccination Offers Higher Protection than Previous
COVID-19 Infection

In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were
previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as
likely to be reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better protection
than natural immunity alone and that vaccines, even after prior infection, help prevent reinfections. 
 
“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle
Walensky. “This study shows you are twice as likely to get infected again if you are unvaccinated.
Getting the vaccine is the best way to protect yourself and others around you, especially as the more
contagious Delta variant spreads around the country.”
 
The study of hundreds of Kentucky residents with previous infections through June 2021 found that
those who were unvaccinated had 2.34 times the odds of reinfection compared with those who were
fully vaccinated.  The findings suggest that among people who have had COVID-19 previously,
getting fully vaccinated provides additional protection against reinfection.
 
Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related
hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, the
data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent COVID-19.
 
COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and
death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially
vaccinated vaccines make people more likely to have a milder and shorter illness compared to those
who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against
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COVID-19.
 
 
 

###
 

U.S. Department of Health and Human Services
 

CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at home
or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate

attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta
and has experts located throughout the United States and the world.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Glick, Connor (CHFS DPH DEHP)
Subject: RE: COI_disclosure forms - due COB Monday - UPDATE
Date: Monday, August 2, 2021 10:36:45 AM

Thank you Connor!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov> 
Sent: Monday, August 2, 2021 10:36 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: RE: COI_disclosure forms - due COB Monday - UPDATE
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

I, Connor Glick, agree to be included as an author on the manuscript, “Reduced Risk of Reinfection
with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and certify that I meet
the qualifications for authorship for this article.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Monday, August 2, 2021 10:23 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: COI_disclosure forms - due COB Monday - UPDATE
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Good morning all,
 
Just to update – the report got stuck in JIC clearance but is now escalated for expedited review.  I
have not yet received any official feedback, but I received notification that it is still expected this
report gets published Friday.   I was told to expect feedback this afternoon and have revisions
prepared/submitted by this evening.  I will work to do that, if possible.
 
If you haven’t already e-mailed COI form, please do so by close of business today. 
 
In addition, please send me a separate email so that I can archive for records that statement:
“I, FULL NAME , agree to be included as an author on the manuscript, “Reduced Risk of Reinfection
with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and certify that I meet
the qualifications for authorship for this article
 
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Saturday, July 31, 2021 8:30 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: COI_disclosure forms - due COB Monday
 
Good morning all,
 
Each author will need to complete a conflict of interest form for the upcoming MMWR. I am
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attaching the ICMJE conflict of interest form.  If you have no conflicts of interest, please make sure
that every box is marked none.  There is also a question at the end that would need to be marked.
 
I added the manuscript title.  There is no number assigned yet so please leave it blank.
 
Please complete this and return it to me by Monday 8/2 at the latest.

Thank you all !
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP)
Subject: Re: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
Date: Friday, July 30, 2021 7:50:03 PM
Attachments: image001.png

Yes

Get Outlook for iOS

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 30, 2021 7:26:38 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: FW: COVID19 Comm Pack - Reinfection and Vaccination Status - For Clearance Review
 
 
Kathleen,
 
The comms package is beginning to be circulated in preparation for the publication. 
 
For the last comms package, I added Susan Dunlap as communications POC.  Should I add her info as
POC again?
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 
 
 

From: Douglas, Myron (CDC/DDNID/NCEH/DEHSP) <kou4@cdc.gov> 
Sent: Friday, July 30, 2021 6:57 PM
To: Bartley, Shelton (CDC/DDPHSS/CSELS/OD) <vks0@cdc.gov>; Hardie, Ann (CDC/DDID/NCIRD/OD)
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To: Spicer, Kevin B (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);
Winter, Kathleen T (CHFS DPH DEHP)

Subject: RE: Final Proof of Your Early Release
Date: Tuesday, December 14, 2021 3:00:10 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_CG.docx

Only a minor suggestion or two. Thanks!
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:55 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Sorry, but another comment to the comment.  I believe there will be issues with first talking about a
finding (with no details) in the Discussion.  I would hate to leave it out entirely, because I believe it
does add support to the main finding and has additional support in the literature.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:14 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using Cconditional logistic regression,  ORs and CIs werewas used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Glick, Connor (CHFS DPH DEHP): ≤? Not entirely sure, though	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion. “increased”, maybe?

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
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individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
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Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
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gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH

DEHP)
Subject: Re: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:29:31 PM

Its actually just a written statement that is in the other email I just sent.  I just checked with Melissa and there
will be no live messaging. 

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626

NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged
and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient, you
are notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.
If you have received this communication in error, please contact the sender by reply e-mail and destroy all copies
of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Sent: Friday, August 6, 2021 12:23 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);
Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
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Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 
 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
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Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 

From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
 

 
 

Best,
Shelton
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Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS

DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:23:05 PM

Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
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275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH

DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:08:52 PM

Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
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Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS

DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:33:04 PM

Okay.  Thanks.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:30 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS
DPH DEHP) <kathleen.winter@ky.gov>
Subject: Re: MMWR Embargoed eBook for 8/6 Early Release
 
Its actually just a written statement that is in the other email I just sent.  I just
checked with Melissa and there will be no live messaging. 
 

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for
the use of the individual or entity to which it is addressed and may contain confidential
information that is legally privileged and exempt from disclosure under applicable law. If
the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly
prohibited. If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Sent: Friday, August 6, 2021 12:23 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);
Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
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Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
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**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk

ServiceCorrespondence@ky.gov for any assistance.
 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS

DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:33:04 PM

Okay.  Thanks.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:30 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS
DPH DEHP) <kathleen.winter@ky.gov>
Subject: Re: MMWR Embargoed eBook for 8/6 Early Release
 
Its actually just a written statement that is in the other email I just sent.  I just
checked with Melissa and there will be no live messaging. 
 

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for
the use of the individual or entity to which it is addressed and may contain confidential
information that is legally privileged and exempt from disclosure under applicable law. If
the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly
prohibited. If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Sent: Friday, August 6, 2021 12:23 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);
Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
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Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
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**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk

ServiceCorrespondence@ky.gov for any assistance.
 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: MMWR
Date: Monday, August 2, 2021 1:54:23 PM

Thank you!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Monday, August 2, 2021 1:54 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: MMWR
 
“I, Kathleen Winter, agree to be included as an author on the manuscript, “Reduced Risk of
Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and
certify that I meet the qualifications for authorship for this article
 
 
Kathleen Winter, PhD, MPH
State Epidemiologist
Director, Division of Epidemiology and Health Planning
Kentucky Department for Public Health
275 East Main Street
Frankfort, KY  40621
Desk: 502-564-3418 ext. 4310
Cell: 502-892-9895
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mailto:alyson.cavanaugh@ky.gov
mailto:kathleen.winter@ky.gov
mailto:Alyson.cavanaugh@ky.gov


To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH
DEHP); Thoroughman, Douglas (CHFS DPH)

Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 12:21:07 AM
Attachments: Reinfection - vaccination status FIRST PROOF_CG.docx

Great work. Thank you, Alyson!
Apologies for just now getting around to this.
 
I know I have brought this up before, but I could not find any
 
Just one comment on the interpretation of the estimate(s).
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so it would correct to say “2.34 times the odds”.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 7:24 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Thank you!  
 
No problem with multiple copies.  It helps me check and double check. 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of
the individual or entity to which it is addressed and may contain confidential information that is
legally privileged and exempt from disclosure under applicable law. If the reader of this message is
not the intended recipient, you are notified that any review, use, disclosure, distribution or copying
of this communication is strictly prohibited. If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



Sent: Wednesday, August 4, 2021 6:35:07 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Hi Alyson,
 
Nice work as always.  Sorry, but I was ¾ way through when I saw Kathleen’s email come through. 
Just a few edits/comments for consideration.
 
Best,
 
Kevin
 
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson

IR#0588 - KT DPH - Production_000378
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To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH
DEHP); Spicer, Kevin B (CHFS DPH DEHP)

Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 12:20:34 AM
Attachments: Reinfection - vaccination status FIRST PROOF_CG.docx

Great work. Thank you, Alyson!
 
I just had one comment on the interpretation of the estimates, and I know I have brought this up
before, but I could not find any previous feedback or comments that addressed this specifically so I
figure I would bring this up again.
 
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so (from what I understand) it would only be correct to say “2.34 times the odds”.
 
If I missed something, though – please point me in the right direction!
 
Best,
CG
 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 12:17 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.
 
I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  
 
Doug
 
Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);
Glick, Connor (CHFS DPH DEHP)

Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 6:18:06 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC_KW.docx

Great job.  Here are my edits.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I don’t feel that this needs to change, but we could make this more precise.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Winter, Kathleen T (CHFS DPH DEHP): This sentence is awkward and feels unnecessary.  All cases are considered “previously infected”, correct?
Consider this: “The REDCap database was used to identify eligible case-patients and controls, excluding COVID-19 cases resulting in death before May 1, 2021”	Comment by Winter, Kathleen T (CHFS DPH DEHP): Do you want to use NAAT and define in the first sentence of this paragraph?

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with to Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- two month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice  as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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Sent to the CSTE Vaccine-Preventable Diseases Subcommittee
 
Good morning,
 
Today’s CSTE VPD Subcommittee call is cancelled. We will reconvene on September 13, 2021 at 3:00pm ET.
Given the current surge in COVID-19 cases and unprecedented demands related to vaccine breakthrough
infections, the CSTE VPD Subcommittee would like to acknowledge the complexity of your efforts and thank
you for your continued commitment to public health. Your resiliency and hard work is much appreciated,
and the subcommittee leadership is dedicated to supporting its members however possible. Please do not
hesitate to reach out to Chas, Susan, or myself with any questions, comments, or suggestions on how we can
address your needs.  
 
In the meantime, please see below a few updates for your awareness.
 

ACIP Meeting – August 13 @ 11am ET
The webcast link can be accessed here: https://www.cdc.gov/vaccines/acip/index.html. No
registration is required.

Recently released immunization MMWR articles
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years
— COVID-NET, 13 States, February–April 2021
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–
June 2021
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County,
Colorado, April–June 2021
COVID-19 Vaccine Safety in Adolescents Aged 12–17 Years — United States, December 14,
2020–July 16, 2021
Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine Breakthrough Infections,
Associated with Large Public Gatherings — Barnstable County, Massachusetts, July 2021

 
Best regards,
Mimi
 
Mimi P. Huynh, MPH (she/her/hers)
Program Analyst
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: Cavanaugh_08.02_track
Date: Monday, August 2, 2021 4:36:30 PM
Attachments: Cavanaugh_08.02_track.docx

Here are the track changes of manuscript.  I sent revised table 3 earlier.  I am not going to submit
Supplementary Figure.  Instead, I will submit manuscript and 3 tables unless anyone opposes that
plan. 
 
I am working to revise the tables and will send them off to OS review.
 
Thanks!
Alyson
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): OK

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): ok

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)*† reported in to the Kentucky’s National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020  and who rwho were not reinfected,emained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: Re-ordered

Vaccination status was determined using data from the Kentucky Immunization Rregistry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series not complete at least ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Capitalized	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I believe the edit clarifies that if one dose was received (regardless of vaccine brand) but it wasn't complete 14 days it would fall into partial vaccination

An oodds ratios and confidence intervals were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; significance was defined at a threshold of =0.05.. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.34% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free fromwere not reinfectedion hadwere 2.23 times the oddsas likely (95% CI = 1.51–3.28) toof being be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. and unvaccinated, those not reinfected had odds of being fully vaccinated were 2.34 times the odds as high (95% CI = 1.586 –3.47)  of having been fully vaccinated compared with the reinfection cases. among those who remained free of reinfection compared with those reinfected. Partial versus no vaccination was not significantly associated with remaining free of reinfectionion compared with  no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: First infection date was used.  Those reinfected prior to May were excluded. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 3.28 is correct.  Table was corrected	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 1.58 is correct.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for DiseaseA Control and Prevention (CDC) dvisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Thank you for this suggestion

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (79). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,96,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection  relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least fiveour limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between of vfull vaccination with reduced likelihood of reinfection and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Added this at the end - combining with limitations that this is retrospective study design.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. PPersons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 




Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.

1Epidemic Intelligence Service, CDC; 2Kentucky Department for Public Health; 3Division of Healthcare Quality Promotion, National Center for Emerging and Zoonotic Infectious Diseases, CDC. 4CEFO Program, Division of State and Local Readiness, Center for Preparedness and Response, CDC 
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* https://covid.cdc.gov/covid-data-tracker/#vaccinationshttps://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

†  HYPERLINK "https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html" https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† HYPERLINK "https://covid.cdc.gov/covid-data-tracker/#variant-proportions" https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ HYPERLINK "https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/" https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected.vaccination status of those reinfected in May through June 2021 were compared to those not reinfected.  OOdds of being fully vaccinated (versus being unvaccinated) wereas 2.34 times as highhigher in the group of previously infected persons who were notremained free from reinfectedion in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

[bookmark: _Hlk78635231][bookmark: _Hlk78878595]Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of re-infection (OR=0.42, 95% CI: 0.29-0.63).  Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by Office of Science: Required: Please provide an appropriate reference to support this assertion. Reference 1 does not appear to be about vaccine hesitancy among previously infected people. The sentence itself is awkward and needs to be revised	Comment by Office of Science: Required: Flip your comparison group to show protective odds ratio, which will make it easier to understand.	Comment by Office of Science: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
 
Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Office of Science: Required: May 1, 2021? Please clarify inline	Comment by Office of Science: Required: Shouldn’t this be during May1, 2021—June 30, 2021? Did you look for reinfections prior to May 1, 2021?

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e., at least one dose of vaccine but vaccine series not complete at least 14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Office of Science: Required: No need for this – delete.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of re-infection (OR=0.42, 95% CI: 0.29-0.63); those who were partially vaccinated were associated two-thirds the odds of re-infection, although the association was not statistically significant (OR=0.66, 95% CI: 0.37-1.22). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Office of Science: Required: See comment in Table 3 - combine Table 2 and Table 3, and change your narratives accordingly.	Comment by Office of Science: Required: Change your narrative this way to make it easier to understand.

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinated against COVID-19, irrespective regardless of prior SARS-CoV-2 infection status.¶ 	Comment by Office of Science: Editorial suggestion

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (7). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination is associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Office of Science: Suggested: Cite some of the existing literature on duration of viral shedding

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Office of Science: Required: Change this narrative based on the changes above.	Comment by Office of Science: Required: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
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* https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 	Comment by Office of Science: Suggestion: Currently, there is only limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, the oOdds of being fully vaccinated (versus being unvaccinated) were 2.34 times higher as high in the group of previously infected persons who were not reinfected in this case-control study. 	Comment by Office of Science: Required: Change the narratives based on the suggested change in the main text and tables. 

What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by Office of Science: See comments above regarding using CDC guidance language
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021	Comment by Office of Science: Combine Table 2 and Table 3 into one table, shown in Table 3.

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.3)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient, for controls).  






	Comment by Office of Science: Required: Please combine Table 1 and Table 2 into one table below. Change your footnotes accordingly.

TABLE 32. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)







		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Cases*

		Controls†

		

		Cases*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.42 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.66 (0.37-1.22)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but the vaccine series was either not complete or final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

[bookmark: _GoBack]All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Some persons previously infectedWhether individuals previously infected with with SARS-CoV-2, the virus that causes COVID-19, reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity need to receive COVID vaccination is a frequently asked question.*(1),  potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection All eligible persons should be encouraged offered vaccination, even if they have been previously-infected with SARS-CoV-2,to be fully vaccinated to reduce their risk of future  infectionreinfection.† 	Comment by Office of Science: Required: Please provide an appropriate reference to support this assertion. Reference 1 does not appear to be about vaccine hesitancy among previously infected people. The sentence itself is awkward and needs to be revised	Comment by Office of Science: Required: Flip your comparison group to show protective odds ratio, which will make it easier to understand.	Comment by Office of Science: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
 
Interim Clinical Considerations for Use of COVID-19 Vaccines | CDC

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (34). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (45).	Comment by Office of Science: Required: May 1, 2021? Please clarify inline	Comment by Office of Science: Required: Shouldn’t this be during May1, 2021—June 30, 2021? Did you look for reinfections prior to May 1, 2021?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This is correct. All those with reinfections prior to June 30 were excluded. 

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, pPartiallly vaccination ted was defined as receipt of (i.e. at least one dose of vaccine but the vaccine series was either not complete or final dose was not received at least 14 days before reinfection date of case-patient.), and unvaccinated. Using conditional logistic regressionn models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Office of Science: Required: No need for this – delete.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Office of Science: Required: See comment in Table 3 - combine Table 2 and Table 3, and change your narratives accordingly.	Comment by Office of Science: Required: Change your narrative this way to make it easier to understand.

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinatedoffered  against COVID-19 vaccination, irrespective regardless of prior SARS-CoV-2 infection status.¶ †	Comment by Office of Science: Editorial suggestion

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (56). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (67). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wais associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.500.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Office of Science: Suggested: Cite some of the existing literature on duration of viral shedding

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfectedhad less than half the odds of reinfection compared to those with no vaccination. Persons with previous SARS-CoV-2All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections infections should be encouraged to be vaccinated to reduce their risk of future reinfection. 	Comment by Office of Science: Required: Change this narrative based on the changes above.	Comment by Office of Science: Required: Please use language from the CDC guidance-
“People should be offered vaccination regardless of their history of symptomatic or asymptomatic SARS-CoV-2 infection” and please cite the CDC guidance (you have a footnote already for this guidance)
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ §See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is lLimited evidence to date exists whether available on the protection afforded by vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 	Comment by Office of Science: Suggestion: Currently, there is only limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with lessOdds of being fully vaccinated (versus being unvaccinated) were  than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  2.34 times as high in the group of previously infected persons who were not reinfected in this case-control study. 	Comment by Office of Science: Required: Change the narratives based on the suggested change in the main text and tables. 

What are the implications for public health practice?

[bookmark: _GoBack]All eligible persons should be offered vaccine, even those Persons with previous SARS-CoV-2 infection, should be encouraged to be fully vaccinated to reduce their risk of future infectionreinfection.	Comment by Office of Science: See comments above regarding using CDC guidance language

9






[bookmark: _GoBack]TABLE 2. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Case-patients*

		Controls†

		

		Case-patients*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.43 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.64 (0.33-1.23)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




	Comment by Office of Science: Required: Please combine Table 1 and Table 2 into one table below. Change your footnotes accordingly.

TABLE 32. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		[bookmark: _GoBack]1.0 (Ref)







		 

		Num.

		 

		Percent

		 

		 



		Vaccination status

		Case-patients*

		Controls†

		

		Case-patients*

		Controls†

		

		OR (95% CI)††



		Fully vaccinated

		50

		169

		 

		20.3

		34.3

		 

		0.43 (0.29-0.63)



		Partially vaccinated

		17

		39

		

		6.9

		7.9

		

		0.64 (0.33-1.23)



		Non-vaccinated

		179

		284

		

		72.8

		57.7

		

		ref



		Total

		246

		492

		 

		100

		100

		 

		 









†† Estimated based on conditional logistic regression

Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).



Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
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Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
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The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>

IR#0588 - KT DPH - Production_000396

mailto:eocjicclear2@cdc.gov
mailto:sfs2@cdc.gov
mailto:cgk3@cdc.gov
mailto:eocjicclear3@cdc.gov
mailto:fwf2@cdc.gov
mailto:oadsclearance@cdc.gov
mailto:jsg5@cdc.gov
mailto:BXZ3@cdc.gov
mailto:cgk3@cdc.gov
mailto:eocjicclear3@cdc.gov
mailto:sfs2@cdc.gov


Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM

IR#0588 - KT DPH - Production_000397
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To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by

IR#0588 - KT DPH - Production_000398
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OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
 

eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3
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Hi all,
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·       I agree with suggestion to use Figure 1 in supplemental and include the three tables in the MMWR.
·       The one section I am unsure of is Page 5.   This paragraph on single dose was added per comments from

vaccine task force.  Any suggestions for shortening would be appreciated, but I think some talk on the topic
is needed.
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my.sharepoint.com/:w:/g/personal/alyson_cavanaugh_ky_gov/EZYxVWqbJ1pFnaIdyX75zHYBBd3cJK1e16C3m-
hZ0jUkPQ
 

I plan to resubmit early morning (6am ish) on 7/29/21. The next submission step is higher levels of CDC clearance
(CHEO/JIC).  This is nearing the end of the process for clearance.
 
 
FYI – they edited the tables without track changes, so I will need to make some adjustments. Table 3 is confusing as
laid out. I need to check these in more detail since track changes weren’t used. If you have changes on tables, let me
know.  There is not a sharedrive link for tables.
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons why that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2, reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity .(1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization to of some circulating variants than does natural infection (2, 3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19,  reinfection cases occurring in Kentucky in during May through and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free of from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free of from re-infection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 

Methods:

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 yearsor older, with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion (Figure A). NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased cases patients reported to or investigated by public health authorities.( (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases with resulting in deaths before May 1. A cCase-patients wasere defined as Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, . dDeferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, while although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June might more accurately reflect choice rather than eligibility to be vaccinated than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free of from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available.. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case. (5).

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A personn individual was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 or more days before the case-patient’s reinfection date of the case. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence suggests that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), . Therefore, to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized vaccination status as into fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥at least 14 days before reinfection date of case-patient), and no vaccination. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patientes versus and controls and . A secondary analysis categorized vaccination status into full vaccination, to partial vaccination, and no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Results:

InOverall total, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected duringin October– through December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared to with 34.4% of controls (Table 2). Previously infected persons who remained free of from reinfection were 2.23 times as likely (95% CI = 1.51-–3.28) to be fully vaccinated versus not fully vaccinated when compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination vs no vaccination was not significantly associated with reinfection compared with no vaccination  (OR =: 1.50; 95% CI = 0.82–2.73).

Discussion:

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection in during May– through June 2021. This finding evidence supports the Advisory Committee on Immunization Practices’ recommendation that to vaccinate all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well- documented).() (7). Reinfections with SARS-CoV-2 hasve been documented in the literature, but the scientific understanding of natural infection-acquired postinfection immunity and reinfection risk is still emerging .(8). The duration of post-infection iimmunity resulting from natural infection, while although not fully well understood, is suspected to persist for at least 90 days for in most persons.¶ 

The emergence of new variants might affect the duration of postinfection infection-acquired immunity. In Kentucky, in May and June, 2021, the Alpha variant, (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern .(2, 3). A recent laboratory study found that samong previously infected persons, sera collected from previously infected persons before they were vaccinated pre-vaccination provided a relatively weaker, and in some casestimes absent, neutralization response to the Beta variant (B.1.351) when compared to with the original Wuhan-Hu-1 strain.( (9). Sera from the same persons followingpost-v vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected individual person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, tto date there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings of this report suggest that among previously infected persons, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

Previous studies have suggested a strong immune response among previously infected persons after a single dose of mRNA vaccine.( (6, 10). The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference if one existed. In addition, the partially vaccinated categorization includes those recently vaccinated as well as those who received a single dose of mRNA vaccine more than 14 days priorearlier, thus grouping together those who would and would not have had adequate time to boost mount an immune response. Although partial vaccination did not confer a statistically significant protective effect in this study, the point estimate of the odds ratio (1.50) While not statistically significant, theodds ratio >1is suggestive of a protective effect of partial vaccination on reinfection that is in lineconsistent with findings of previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected compared with titers in those who were not (6,10) . Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full vaccination versus. not full vaccination OR = 2.23; fully vaccination versus. no vaccination OR = 2.34).  	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Because the paper is already long, suggest shortening this section considerably.

The findings in this study report is subject to at least four has limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control designsstudies, the retrospective design could allow for the influence of unmeasured confounders. While Although case-patients and controls weare matched on age, gender, and date of initial infection, other unknown confounders might be present. 

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for those persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 reinfections are uncommon but possiblehave been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who remained free ofwere not reinfectedion. Odds of being fully vaccinatedion versus no vaccination (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free of from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk of for reinfection.























 






FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Suggest including this as a supplementary figure (which will be archived in CDC-Stacks and will have a clickable link within the report) since you have also submitted 3 tables, and the limit is 3 tables and/or figures in any combination

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)





EXCLUDED:

Age <18 yrs  (n = 16)







Potential Controls

n = 245,539









Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  This without a NEDSS ID were excluded because of inability to determine reinfection status.
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TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Any statistically significant differences between case-patients and controls?

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).
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TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 


2021 


Characteristic 


No. (%) 


Case-patients* (n = 246) Controls


†


 (n = 492) 


Age (yrs) 


18–29 46 (18.7) 89 (18.1) 


30–39 37 (15.0) 83 (16.9) 


40–49 43 (17.5) 80 (16.3) 


50–59 44 (17.9) 88 (17.9) 


60–69 27 (11.0) 51 (10.4) 


70–79 28 (11.4) 58 (11.8) 


=80 21 (8.5) 43 (8.7) 


Sex 


Female 149 (60.6) 298 (60.6) 


Month of initial infection in 2020 


March 0 (0) 3 (0.6) 


April  7 (2.9) 11 (2.2) 


May  2 (0.8) 2 (0.4) 


June 4 (1.6) 11 (2.2) 


July  8 (3.3) 17 (3.5) 


August 8 (3.3) 13 (2.6) 


September 13 (5.3) 22 (4.5) 


October  36 (14.6) 78 (15.9) 


November 72 (29.3) 141 (28.7) 


December 96 (39.0) 194 (39.4) 


* Cases were eligible for inclusion if initial infection occurred during March–December 2020, 


and a subsequent positive nucleic acid amplification or antigen test result was received during 


May–June 2021 (using date of specimen collection). Cases for analyses were restricted to 


individuals at least 18 years at time of reinfection. 


†


 Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis 


(within 7 days). 



TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  
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TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-


patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, 


May–June 2021 


Vaccination Status 


No. (%) 


Case-patients* Controls* 


Fully vaccinated


†


 50 (20.3) 169 (34.4) 


Partially vaccinated


§


 17 (6.9) 39 (7.9) 


Not vaccinated 179 (72.8) 284 (57.7) 


Total 246 492 


* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid 


amplification test (NAAT) or antigen test during March through December 2020. Reinfection 


cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during 


May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age 


(within 3 years), and date of initial infection diagnosis (within 7 days).  


†


 Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received 


a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if 


vaccination was complete 14 days prior to reinfection date of matched case.  


§ 


Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was 


not complete by 14 days prior to reinfection date of case.   





TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  
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Vaccination status Odds Ratio (95% CI) 


Fully vaccinated* 2.23 (1.51–2.28) 


Not fully vaccinated 1.0 (Ref) 


Fully vaccinated* 2.34 (1.58–3.47) 


Partially vaccinated


†


 1.50 (0.82–2.73) 


No doses received 1.0 (Ref) 


Abbreviation: Ref = referent. 


All case-patients and controls had prior SARS-CoV-2 infection documented by positive 


nucleic acid amplification test (NAAT) or antigen test during March through December 


2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) 


or antigen test during May 1, 2021 through June 30, 2021  


Case-patients and controls were matched by gender, age (within 3 years), and date of 


initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic 


regression.  


* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series 


was received a minimum of 14 days prior to reinfection date. Controls were considered 


fully vaccinated if vaccination was complete 14 days prior to reinfection date of 


matched case.  
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Partial vaccination is categorized as receipt of at least one dose of vaccine, but series 


was not complete by 14 days prior to reinfection date of case.   




Subject: Comments on report no. 1464
 
Dear Dr. Cavanaugh,
I appreciated the opportunity to review your draft manuscript (Reduced risk of reinfection with SARS-CoV-2
after COVID-19 vaccination — Kentucky, May–June 2021) on behalf of MMWR before it undergoes further
COVID-19 Response pre-clearance and JIC clearance.

I’ve made a number of edits to your manuscript in track changes in the attached files to enhance clarity and
to further align with MMWR author guidelines, and have also included some comments and questions. You
do not need to accept any edits that may have inadvertently introduced inaccuracies or deviated from the
original intent of the narrative. However, please accept all other edits and make a concerted effort to
address the comments and questions before sending a clean version to the next stage of pre-clearance. This
will ultimately help facilitate more timely processing of the manuscript once it is eventually submitted
to MMWR for official consideration of publication.  

Please pay attention to the following:

1. MMWR reports are allowed to have a maximum of 3 tables and/or figures in any combination; you
have submitted 3 tables and 1 figure; I suggest that you make the figure a supplementary figure; it will
be archived in CDC Stacks, and there will be a clickable link within the report to access it.

2. I formatted your tables for MMWR; in the future, please be aware that table cells cannot have any
hard returns nor can there be any empty cells.

In accordance with the current COVID-19 Response clearance protocol, your next step is to
simultaneously send clean copies of your manuscript files to both the Strategic Science Unit
(SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-
clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is copied on your
submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then
be submitted to the Response JIC for clearance. Once cleared by JIC, you will then be directed to submit
the manuscript to MMWR via ScholarOne (https://mc.manuscriptcentral.com/mmwr); at that time, please
remember to include an ICMJE conflict of interest form for each co-author with your submission. If there is
a group author on the byline, then the persons listed in the group will be indexed in PubMed as
contributors rather than authors, and no ICMJE form is necessary for those persons.

As your manuscript continues through clearance, please remember that MMWR allows up to 1,650 words
for COVID-19 reports and up to 10 references. You and your coauthors will likely receive requests for
additional narrative to be added from the next several reviewers; but please ensure that the final submission
to MMWR is less than 1,650 words with no more than 10 references or it will require another round of
editorial review, which could delay processing of the report. 

Please let me know if you have any questions.
With kind regards,
 
Jacqueline Gindler, MD
Editor, MMWR Weekly
404-639-8829
jgindler@cdc.gov
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review
Date: Thursday, August 5, 2021 1:54:11 PM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review.docx

Reinfection - vaccination status FINAL TO DTP.docx

Hi all,
 
Here is the revised Comms package, not yet fully approved.  If you think there needs to be additional
edits, let me know before 4 pm.
 
Interestingly, a comment by the media team made me recognize an edit needed for final proof.  
December 31 to May 1 is (>4 months) not (>=5 months) as stated in discussion. 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Thursday, August 5, 2021 1:28 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
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Tick Tock (For Early Release)

On Publication Date

· 11 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 1 pm ET: Embargo lifts 

· After 1 pm ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



Vaccination provides additional protection compared with that from natural infection for those who have already had COVID-19. People with previous COVID-19 infections should still get vaccinated to reduce their risk of reinfection. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Compared to what? Report calls it “infection-acquired immunity”. Think best to be explicit unless there is a scientific reason not to be per authors.	Comment by Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD): There is no reason to not to but it gets a bit tricky here since some of those in this study were originally infected March-April and we don't yet fully understand how long natural immunity would last.  My suggestion would be to focus on the message that Among people who previously had COVID-19, those who were  fully vaccinated were less likely to be reinfected.  





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



Investigators evaluated COVID-19 infection and vaccination data reported to the Kentucky National Electronic Disease Surveillance System and Kentucky immunization registry. They found that compared with Kentucky residents who completed vaccination, not being vaccinated was associated with more than double the odds of reinfection.	Comment by Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD): If you would like to include dates, I can add but just including March-December is a bit misleading here. Initial infections for both cases and controls were in March-June 2020.   Cases were reinfections in May-June 2021. Controls remained free of reinfection through June 2021.



Although not common, COVID-19 reinfections do occur. Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. This report looks at the association between vaccination and reinfection during May or June 2021 among people previously infected in 2020. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Because this timeframe is mentioned, I think important to mention that the study was of a longer timeframe

This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. 

Note that May is at least 4 months since 2020 (which is longer than the at least 90 days we think people have immunity)

To reduce their likelihood of future infection, all eligible people should be offered COVID-19 vaccine—even those who previously had COVID-19. 



Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs

Cell Phone: 502-226-0345

Email Address: susan.dunlap@ky.go



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone: 502-564-3261, ext. 4231

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.
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1 Recommended Social Media Posting for General Audience (for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR finds that people who previously had COVID-19 and were unvaccinated had more than twice the odds of getting COVID-19 again compared to those who were fully vaccinated. People who have had COVID-19 should get vaccinated to prevent getting COVID-19 again. Read more: [Link to report]


General Twitter 

A new @CDCMMWR finds a COVID-19 vaccine gives more protection for those who have already had #COVID19 infections. People who previously had COVID-19 should still get a COVID-19 vaccine to reduce their risk of getting COVID-19 again. Read more: [LINK to report]	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Can we use more plain language in the facebook and twitter post? Terms that would be good to replace , if possible, are reinfection, previously infected, maybe vaccinated? What is the reding leading for a general audience—maybe 7-10 grade? I am not sure what we are aiming for but likely best to avoid 3 and 4 syllable words and medical terms.

Vaccination could be replaced with “A COVID vaccine”, “provides” with “gives” 





1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new MMWR report found that among Kentucky residents previously infected with COVID-19, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous #COVID-19 infection to be #vaccinated to reduce the risk of reinfection. [LINK to report]
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 3:36:49 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF.pdf

mm7032e1 - Reinfection - vaccination status FINAL PROOF.docx
Importance: High

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  

IR#0588 - KT DPH - Production_000404

, ...................................................................................................................................................... , . . 

, ......................................................................................................................................................• 

mailto:alyson.cavanaugh@ky.gov
mailto:kevin.spicer@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:ServiceCorrespondence@ky.gov
mailto:Alyson.cavanaugh@ky.gov
mailto:ServiceCorrespondence@ky.gov



PROOF P R O O F P R O O F P R O O F


Early Release / Vol. 70 August 6, 2021


U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Morbidity and Mortality Weekly Report


Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide better neu-
tralization of some circulating variants than does natural infec-
tion (1,2), few real-world epidemiologic studies exist to support 
the benefit of vaccination for previously infected persons. This 
report details the findings of a case-control evaluation of the 
association between vaccination and SARS-CoV-2 reinfection 
in Kentucky during May–June 2021 among persons previously 
infected with SARS-CoV-2 in 2020. Kentucky residents who 
were not vaccinated had 2.34 times the odds of reinfection 
than those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 
with laboratory-confirmed SARS-CoV-2 infection in 2020 


and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 
vaccination series was not completed or the final dose was 


Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021


Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
before reinfection, compared with 34.3% of controls (Table 2). 
Kentucky residents with previous infections who were unvac-
cinated had 2.34 times the odds of reinfection (OR = 2.34; 
95% CI = 1.58–3.47) compared with those who were fully 
vaccinated; partial vaccination was not significantly associated 
with reinfection (OR = 1.56; 95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


Reinfection with SARS-CoV-2 has been documented, 
but the scientific understanding of natural infection-derived 
immunity is still emerging (5). The duration of immunity 
resulting from natural infection, although not well under-
stood, is suspected to persist for ≥90 days in most persons.** 
The emergence of new variants might affect the duration of 
infection-acquired immunity, and laboratory studies have 
shown that sera from previously infected persons might offer 
weak or inconsistent responses against several variants of con-
cern (2,6). For example, a recent laboratory study found that 
sera collected from previously infected persons before they 
were vaccinated provided a relatively weaker, and in some cases 
absent, neutralization response to the B.1.351 (Beta) variant 
when compared with the original Wuhan-Hu-1 strain (1). Sera 
from the same persons after vaccination showed a heightened 
neutralization response to the Beta variant, suggesting that 
vaccination enhances the immune response even to a variant 
to which the infected person had not been previously exposed. 
Although such laboratory evidence continues to suggest that 
vaccination provides improved neutralization of SARS-CoV-2 
variants, limited evidence in real-world settings to date cor-
roborates the findings that vaccination can provide improved 
protection for previously infected persons. The findings from 
this study suggest that among previously infected persons, full 
vaccination was associated with reduced likelihood of reinfec-
tion, and, conversely, being unvaccinated is associated with 
higher likelihood of being reinfected.


The lack of a significant association with partial versus 
full vaccination should be interpreted with caution given the 
small numbers of partially vaccinated persons included in the 
analysis (6.9% of case-patients and 7.9% of controls), which 
limited statistical power. Although not statistically significant, 
the finding is suggestive of a decreased risk when compared to 
no vaccine and consistent with findings from previous studies 
indicating higher titers after the first mRNA vaccine dose in 
persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus from 
the first infection. Although in some cases the repeat positive 
test could be indicative of prolonged viral shedding or failure 
to clear the initial viral infection (9), given the time between 
initial and subsequent positive molecular tests (≥5 months), 
reinfection is the most likely explanation. Second, persons 
who have been vaccinated are possibly less likely to get tested. 
Therefore, the association of reinfection and lack of vaccination 
might be overestimated. Third, vaccine doses administered at 
federal or out-of-state sites are not typically entered in KYIR, 
so vaccination data are possibly missing for some persons in 


 ¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.



https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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these analyses. In addition, inconsistencies in name and date 
of birth between KYIR and NEDSS might limit ability to 
match the two databases. Because case investigations include 
questions regarding vaccination, and KYIR might be updated 
during the case investigation process, vaccination data might 
be more likely to be missing for controls. Thus, the OR might 
be even more favorable for vaccination. Fourth, although case-
patients and controls were matched based on age, sex, and 
date of initial infection, other unknown confounders might 
be present. Finally, this is a retrospective study design using 
data from a single state during a 2-month period; therefore, 
these findings cannot be used to infer causation. Additional 
prospective studies with larger populations are warranted to 
support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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§ This guidance refers to CDC-authored reports, including those with external co-authors. Requests related to reports with external co-authors (e.g. state health department) 
may need to be escalated through external co-authors’ institutions as well. 
¶ When escalating any of the above inquiries, except for “routine requests for information” and “direct or indirect threats,” the author should also send an initial reply to the 
requestor within 24 hours acknowledging receipt of the request and indicating that a detailed response to their inquiry will be provided shortly. Routine requests for information 
should be answered by the author in a reasonable timeframe based on the magnitude of the request, and non-threating comments with no specific questions should be politely 
acknowledged within 24 hours of receipt. Direct or indirect threats should be sent directly to OSSAM without direct engagement with the individual making such threats.  
** Notify CDC Washington, as appropriate, in consultation with Division, Center, and/or Emergency Response Policy Unit.  


Escalating* External, Non-Media† Related Inquiries on CDC-Authored Reports§ 
Guidelines for CDC Authors (updated as of March 01, 2021) 


Inquiry Type 


Examples 


Resolution¶ 


If there is uncertainty about how to escalate an inquiry, contact your Division, Center, and/or Emergency Response ADS unit for guidance and escalation. 


Routine Information  
Requests or 


Comments with  No 
Questions 


- Data source details 
 


- Analytic details 
 


- Clarification of results 
 


- Copy of analytic code 
 


- Copy of questionnaire 


Author Replies 
to Requestor 


Questions about 
CDC Guidelines or 
Recommendations 


- Questions about study 
recommendations (e.g. 
mask use, vaccination) 
 
- General questions 
unrelated to the study 
 
- Questions about 
absence of a conclusion 
or recommendation 


Escalate to Division, 
Center, or Response 


Policy Unit** 


Requests for 
Datasets or 


New Analyses  


- Request for access to 
the raw dataset  


 
- Request for 
supplemental analyses 


 
- Request for access to 
more detailed sub-
population data  


Direct or 
Indirect 
Threats  


Escalate to  
OSSAM 


(OSSAM@cdc.gov) 


- Threat of physical 
injury or violence 


 
- Threat of material 
loss or detriment 


 
- Emotional or 
psychological 
intimidation  


Policy Related   
or Political 
Comments 


- Requests from 
political entities 


 
- Requests from 
controversial entities  
 
- Criticisms of CDC, 
other federal agencies, 
Administration,  or 
state/local health depts 
entities 


Escalate to Division,  
Center, or Response 


Policy Unit** 


Escalate to  
Team/Unit that 
Houses Dataset 


Comments on 
Scientific Ethics 
or Misconduct  


- Direct or indirect 
allegations of 
scientific 
misconduct 
 
- Allegations of 
violations of 
scientific ethical 
standards 
 
 


 
  


Escalate to  
Office of Science 
(researchintegrity


@cdc.gov) 












Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, those who were fully vaccinated had less than half the odds of reinfection (OR = 0.43, 95% CI = 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but the vaccination series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated was less than half (OR = 0.43, 95% CI = 0.29–0.63); partial vaccination status was not significantly associated with reinfection (OR = 0.64, 95% CI = 0.33–1.23). 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the CDC recommendations that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 

¶ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection.

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI) †



		

		Case-patients

		Controls

		



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		0.43 (0.29-0.63)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		0.64 (0.33-1.23)



		Nonvaccinated

		179 (72.8)

		284 (57.7)

		ref



		Total

		246 (100)

		492 (100)

		—





Abbreviation: CI = confidence interval; OR = odds ratio; Ref = referent.

*All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

† Estimated based on conditional logistic regression

§ Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

¶ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  












Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked question.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, those who were fully vaccinated were associated withhad less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously- infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but the vaccinatione series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date of case-patient. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated were associated withwas less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63); partial vaccination status was not significantly associated with odds of reinfection (OR = 0.64, 95% CI =: 0.33–1.23). 

Discussion

The findings from this study show found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the CDC recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): You cannot repeat footnotes in MMWR reports.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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¶§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ ** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html 	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Not sure what this footnote is referring to. There is nothing about isolation in the report as far as I could see.

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in during May– through June 2021 wasere compared to with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection. . 

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals persons aged ≥at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).








Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]Whether The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were nonvaccinated, completion of a COVID vaccination series was associated with those who were fully vaccinated were associated with less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously- infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered imported into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May–June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of at least one dose of vaccine, but without the complete vaccinatione series was either not complete or the final dose was not received at least 14 days before the case-patient’s reinfection date of case-patient. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among case-patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): What is the difference between calling Janssen or J&J?  Is it okay to keep J&J here since I think most of the public know it as that. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 204 (82.9%) of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were nonvaccinated, the odds of reinfection among those who were fully vaccinated were associated withwere less than half the odds of reinfection (OR = 0.43, 95% CI =: 0.29–0.63); partial vaccination status was not significantly associated with odds of reinfection (OR = 0.64, 95% CI =: 0.33–1.23). 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think.

Discussion

The findings from this study show found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds likelihood of reinfection during May–June 2021. This finding further supports the CDC recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status. †	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): You cannot repeat footnotes in MMWR reports.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for in most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than half the odds of reinfection compared to with those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 

¶§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.
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** ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html 	Comment by Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD): Not sure what this footnote is referring to. There is nothing about isolation in the report as far as I could see.

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against reinfection with SARS-CoV-2, the virus that causes COVID-19 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in during May– through June 2021 wasere compared to with that of those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR = 0.43; 95% CI 0.2 – 0.63) of reinfection. . 

What are the implications for public health practice?

All eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), which might lead these persons to not seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2, by vaccination status. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. In a separate model accounting for full vaccination, partial vaccination, and no vaccination, partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 


A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)† reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because due to vaccine supply and eligibility requirements, this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 

An oodds ratios and confidence interval were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, as well as . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; [define how you determined statistical significance]. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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* https://covid.cdc.gov/covid-data-tracker/#vaccinations

† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated.  HYPERLINK "https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf" https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021,  were significantly less likely to have been vaccinated than were those who were not reinfected. oOdds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check this result, as 169/492 is 34.3496%, which rounds to 34.3%



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.


TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strong recommendation: tables need to be able to stand alone, please add “SARS-CoV-2” to the title, better yet see title of table 2 that is more complete

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required.  please verify this result, as 7/246 is 2.8455% and rounds to 2.8%

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor comment: consider “individuals at least 18 years old” or “individuals aged at least 18 years” instead of “individuals at least 18 years”

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check the numbers in this figure.

The top box starts with 283,480.  Then 8,056 are excluded (5,717+43+2,296 = 8,056). 

However, 8056 from 283,480 leaves 275,424.  It is thus unclear to me how the next row of boxes has n=262 and n=275.424.  The n=275,424 are accounted for as described above, but where do the 262 come from?

Please verify these numbers are correct as listed, and if so, please consider adding clarifying text so that other readers do not have the same confusion as me about this.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strongly recommended: table and figures titles need to be able to stand alone, please revise this title as done for table 2

following up on comment above regarding n =262, and n=275,242? I agree the numbers need to be checked and ensure correct sequence of the flow diagram

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs  (n = 16)

EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)









Potential Controls

n = 245,539











Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  Those without a NEDSS ID were excluded because of inability to determine reinfection status.




TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: As noted in the text, the wording of this table title to me suggests that  being vaccinated is associated with reinfection.  For example, readers might interpret the first row of results to mean that fully vaccinated people are 2.23 times as likely to be reinfected that those not fully vaccinated.   I strongly suggest that the table title and column headings be revised so that it is clear that the 2.23 means that those who were not reinfected were 2.23 times as likely to be fully vaccinated than those who were reinfected..

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: Please verify this upper bound value.  It is reported in the text as 3.28, which seems more likely to me to be correct than 2.28, given the point estimate is 2.23.



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: Same comment as in Table 2 footnote.

it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.


† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  Same comment as in Table 2 footnote:

In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, August 2, 2021 11:42 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Fw: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi Alyson,
 
JIC is returning your MMWR with comments. Please note these remarks:
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
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sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

Please address their comments and submit clean copies for OS review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Monday, August 2, 2021 11:39 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi, 
 
Please revise and submit clean copies for OS Review. 
 
Please see below from IM/PDIM,
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
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realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

 
Thank you,
Kaliyah Hunter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Sent: Monday, August 2, 2021 11:35 AM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS Incident Manager Senior
Advisor -2 <eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret
(Peggy) (CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>; CDC IMS
2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ)
<nzr6@cdc.gov>
Subject: Re: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
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authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

Brian 
 
Brian A. King, PhD, MPH
Lead, Strategic Science Unit, CDC COVID-19 Response
Guest Science Editor, Morbidity and Mortality Weekly Report Series
E-mail: baking@cdc.gov
Phone: 770.488.5107 / 770.570.6330
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:43 PM
To: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS 2019 NCOV Response
Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS Incident Manager Senior Advisor -2
<eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
IM/PDIM, 
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We are requesting your review of the attached MMWR (ID# 1464). Please return your
comments by 6pm on 8/2. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 
 

From: Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>
Sent: Sunday, August 1, 2021 9:57 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Deputy Incident
Manager <eocevent259@cdc.gov>; Hacker, Karen (CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Thomas, Craig W.
(CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Cleared with no additional comments
 
Paul Mead, MD, MPH
Deputy Incident Manager (Epi, Lab, Data Visualization Task Forces)
CDC COVID-19 Response
Cell: 970-567-5024

 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Sunday, August 1, 2021 4:57 PM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>; CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

Hi DIMs, 
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This is a Tier 1 report and we provided the wrong deadline. Please return your comments by
6pm on 8/2, if possible. This one is expected to publish at the end of the week. 
 
Apologies for the inconvenience. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:28 AM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For DIM Review by 10:30am on 8/3/21: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

DIM Review,
 
Attached is the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 – Kentucky for your review.
 
Comments are due by 10:30am on 8/3/21.
 
Thank you,
 
Jeanita Porter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>
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Sent: Saturday, July 31, 2021 5:06 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP)
<ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP) <coq5@cdc.gov>; CDC IMS 2019 NCOV Response
ADS <eocevent264@cdc.gov>; Parham, Mary Angela (CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra
(CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS 2019 NCOV Response Policy <eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
This MMWR has been reviewed by 2 rADS, Mary D. Ari and Harrell Chesson, and is cleared with the understanding that
comments will be addressed and considered as noted. 
 
Thanks for the opportunity to review.
 
Best regards,
Harrell
 
 
Harrell Chesson, PhD
COVID-19 Response ADS Team Reviewer
404-639-8182
404-551-7377
 
Division of STD Prevention
Centers for Disease Control and Prevention
CDC Mail-Stop US12-3
1600 Clifton Road
Atlanta, GA 30319
 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Friday, July 30, 2021 7:56 PM
To: Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP)
<coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS <eocevent264@cdc.gov>; Parham, Mary Angela
(CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra (CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Chesson,
Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Policy
<eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler,
Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 – Kentucky
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ADS Team...
 
Attached you will find the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky for your
review. Comments are due by 6:00p on 8/2/21.
 
HEADS-UP: They have requested expedited review and are seeking DIM approval so this
deadline may chance.
 
Regards,
Lisa Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 30, 2021 7:35 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Request for Review: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
JIC,
 
Epi TF is submitting Alyson Cavanaugh’s Tier 1 MMWR, “COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky” for expedited review. Attached includes tracked
changes and clean copies of the Article, Tables 1-3 a Supplementary figure and the clearance request form. This
document has been cross-cleared by VTF, HSWS, SSU, and CHEO TFs.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
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Sent: Friday, July 30, 2021 7:16 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
I have track changes that address the minor comments from SSU.  I know CHEO cleared with comments, but I am
unsure where to find additional comments from CHEO.  I have e-mailed for further clarification.
 
The supplementary figure was edited in terms of placement of arrows/boxes and track changes weren’t used for
formatting, per comments.
 
Clean copies of manuscript, three tables, and supplementary figure are attached.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Thursday, July 29, 2021 7:29 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Thank you for clarifying!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:27 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Yes – it’s an odd step in the current protocol – but currently you are required to handle this review with SSU and CHEO.
We recommend cc’ing the Epi Clearance mailbox (eocevent210@cdc.gov) so that we can keep an eye on how it’s
moving, and help you follow up as needed.  
 
I think they may be revisiting this procedure soon; I’m sorry this part is so complicated/unusual. But yes, please
proceed with SSU and CHEO clearance.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:21 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I did not sent this to CHEO and SSU.  Should I? 
In the past, the clearance coordinator sent my manuscript to them.  However, the instructions from MMWR pre-review
said:

In accordance with the current COVID-19 Response clearance protocol, your next step is to simultaneously send clean copies
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of your manuscript files to both the Strategic Science Unit (SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer
(CHEO, eocevent559@cdc.gov) for pre-clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is
copied on your submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then be
submitted to the Response JIC for clearance.

 
I wanted to check with you to see if I should send to SSU and CHEO or should clearance coordinator be managing this
part?
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:18 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
To clarify, did you already send this to SSU and CHEO for pre-clearance? If so, please update your clearance request
form to reflect this, and then we can proceed with JIC clearance. If not, you will need to complete that step
independently before we (epi clearance) take it from you and go on to JIC.
 
Thanks!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
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Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I received feedback from MMWR pre-review. I am attaching the clean copies of the manuscript, tables and figure for
MMWR 1464.   I was told to e-mail to CHEO and SSU.  However, I believe you will pass this on?  Please let me know if I
should be sending this anywhere else at this time.

Thank you,
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 12:44 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I think that "4289" in the subject line was used by VTF when they re-reviewed it, and we can disregard that
entirely.
 
Actually, the next step is for you to submit this to MMWR pre-clearance. We do not handle that step in the
process. Epi TF clearance coordinators should be looped back in after you receive clearance from Brian King and
his group. 
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Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Sunday, July 25, 2021 12:33 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Please see attached clean and track versions.
 
I believe this is MMWR 1464.  Is that correct?  I added 1464 on the clearance request form, but this may need to be
edited (The subject heading says 4289).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 11:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
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Dear Alyson,
 
VTF has cleared your MMWR. Please address the comments in the link below.
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Your next step is to send clean and tracked versions, along with an updated clearance request form, to MMWR
pre-clearance. 

Once you have been cleared by MMWR pre-clearance, please return the latest clean and tracked copies, and an
updated clearance request form, to this mailbox for submission to SSU and CHEO.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Sunday, July 25, 2021 11:04 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
Please see following from JIC: 
 

Reinfection and vaccination status_07.23.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
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DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Saturday, July 24, 2021 4:06 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
This is cleared by VTF ADS with comments that should be addressed.
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Friday, July 23, 2021 2:04 PM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi all,
 
The author has addressed your comments and returned this document for re-review. The tracked changes version is
attached for reference.  However, please make any additional comments in the clean version linked below.  
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Thanks,
Kimberly
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 23, 2021 1:11 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE-REVIEW due 7/24 at 1:30PM - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
VTF,
 
Alyson Cavanaugh is submitting this Tier 1 MMWR article for your re-review. Attached is a clean copy and tracked
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changes copy with comments addressed. The requested deadline for your re-review is 7/24 at 1:30PM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 23, 2021 12:58 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,

Please see attached track and clean copies of revised paper.  We believe the changes in analysis are appropriate to
address concerns.  However, if additional changes are suggested, please let us know.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:45 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
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reduced risk of reinfection – May through June, 2021 - Kentucky
 
Alyson,
 
VTF did not clear your MMWR article. Please see their comments in the attached Word doc. Additional notes from
reviewers below:
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
Please address comments and resubmit a clean copy and tracked changes copy for re-review with VTF.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:27 PM
To: Bunting, Hannah (CDC/DDID/NCIRD/OD) (CTR) <rou3@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
The below document is not cleared by VTF. Please address comments in the below link and return clean and tracked
changes copies for re-review. Additionally, please note the following: 
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
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We are happy to discuss further with authors if they have any questions or concerns.
 
 Reinfection and vaccination status_07.20.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Wednesday, July 21, 2021 2:45 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
This is not cleared by VTF ADS. Please see comment below and submit a revised version.
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 
 
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 9:26 AM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 

The author has addressed your comments and returned this document for re-review. The tracked changes version is

IR#0588 - KT DPH - Production_000426

https://urldefense.com/v3/__https:/cdc.sharepoint.com/:w:/t/VaccinePlanningUnit-COVID19/EXLLyXv_hLFBh5OkGo6FpcsBfdxywsfGvb56bOEsnl9N_w?e=DeAmQd__;!!Db6frn15oIvDD3UI!zmeyQg_LIkaXk0clFEMqk4pvNdJZQFwpvNECJqGhC9AjMgjgBo5fBcks3c_zZUHd9eW1bw$
mailto:eocevent454@cdc.gov
mailto:uwa0@cdc.gov
mailto:qij7@cdc.gov
mailto:lwk9@cdc.gov
mailto:bse4@cdc.gov
mailto:eocevent454@cdc.gov
mailto:xdf4@cdc.gov
mailto:pzs1@cdc.gov
mailto:sch1@cdc.gov
mailto:eocevent454@cdc.gov
mailto:bse4@cdc.gov
mailto:xdf4@cdc.gov
mailto:pzs1@cdc.gov


attached for reference.  However, please make any additional comments in the clean version linked below.
 

Reinfection and vaccination status_07.20.21_clean.docx

 
Thanks,
Kimberly
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Wednesday, July 21, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good Morning VTF,
 
The author has made changes and we are requesting a re review. Please find clean and tracked copies attached.
 
Deadline for review is 7/22 by 8 AM
 
Best Regards,
Katie
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Tuesday, July 20, 2021 9:05 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
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risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Please find attached the clean and track changes of MMWR on reinfections and vaccination.   Please let me know if
anything further is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Saturday, July 17, 2021 1:22 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF did not clear your MMWR. Please address the comments in the attached file and return clean and tracked
copies for re-review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
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From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Saturday, July 17, 2021 1:08 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Epi,
 
The below document is not cleared by VTF. Please return clean and tracked changes copies for re-review.  
 
 

Reinfection and vaccination status_07.14.21_clean.docx
Clearance Request Form_July 14_reinfection.docx

 
Thanks,
Dany
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8am-8pm EST Monday-Friday 
                                     12pm-5pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Saturday, July 17, 2021 12:41 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Please advise the status of the requested cross-clearance review of the MMWR titled "COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky."
The review was due Friday, 7/16, at 10 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
We request the courtesy of a response with a status update.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
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This is a Tier 1 MMWR. Please return your review as quickly as possible.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Thursday, July 15, 2021 10:04 AM
To: CDC IMS 2019 NCOV Response HSWS TF Clearance <eocevent229@cdc.gov>; CDC IMS 2019 NCOV Response CICP
ADS/Clearance <eocdgmqsitrep@cdc.gov>; CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection
is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF, HSWS, and CICP TFs,
 
Epi TF requests cross-clearance of the Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky."
 
Please use the SharePoint link below during your review. Please indicate whether you clear the manuscript with
major/minor comments, with no comments, or do not clear.
 
The deadline for your review is 7/16 at 10:00 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
CICP clearance coordinators: please forward this MMWR for review to your new POC ASAP, as we are aware your
ADS/TF are no longer accepting submissions. Thank you.
 
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
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From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, July 14, 2021 6:13 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,

Please see attached track and clean changes where all comments were addressed. 
 
I am also attaching the clearance form.  I deleted the section about cross task force review.  I apologize for the
confusion.  That was filled in with the template that was sent me and I didn’t see it.  Therefore I hadn’t deleted that
section before submitting the form for this MMWR.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, July 13, 2021 12:24 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Epi ADS re-reviewed and cleared your MMWR with comments in the attached document. Please address comments
and resubmit both a clean copy and a tracked changes copy to proceed with cross-clearance.
 
Also, your clearance request form originally stated that this MMWR article has been cleared by STLT, HSWS, and CICP.
You and STLT have confirmed that Epi TF is the only TF to have reviewed it yet. When you resubmit, please update your
clearance request form to reflect that only Epi TF has cleared it thus far.
 
Thank you!
Hannah

IR#0588 - KT DPH - Production_000432
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________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov> 
Sent: Tuesday, July 13, 2021 11:42 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Clearance Team—this review is complete.
 
Reviewer:           Lisa Grohskopf (ADS), Ruth Link-Gelles (SME)
Decision:             Cleared with comments, some mandatory
Comments:         please see attached
Please send to Lab TF as informational (not for cross clearance).
 
Thank,
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, July 12, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good morning Epi ADS,
 
Lisa -- Alyson Cavanaugh is submitting her Tier 1 MMWR for re-review: “COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky”. Attached includes a clean
copy and a tracked changes copy. See your initial decision record below:
 

Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs
listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 

 
The deadline for your re-review of this expedited article is 7/13 at 7:30AM.
 
Thank you,
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Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Sunday, July 11, 2021 9:56 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Thank you very much for the review.   Please see attached clean and track changes of edits based on the suggestions. 
All comments have been addressed. 
 
This paper has only been reviewed by epi TF to date.  Am I supposed to send to the other task forces for cross-
clearance?  No other task forces have yet reviewed this.
 
Thank you,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department of Public Health
275 E. Main St.
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, July 11, 2021 8:00 AM
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To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: Fwd: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or
entity to which it is addressed and may contain confidential information that is legally privileged and exempt from
disclosure under applicable law. If the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly prohibited. If you have received this
communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.

From: CDC IMS 2019 NCOV Response EPI Clearance < 
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
< >
Subject: Fw: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
Epi TF has reviewed and does not clear this MMWR. Please see the following comments:
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Please address the comments in the attached document and submit clean and tracked copies for re-review.
Additionally, please provide documentation of cross-clearance by STLT, CICP, and HSWS.
 
Thank you,
Leza
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
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Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Sent: Saturday, July 10, 2021 12:22 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Clearance Team! This review is complete.
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Thanks!
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 12:32 PM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Team,
 
The attached Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk
of reinfection – May through June, 2021 - Kentucky," is submitted for review. The deadline for review is
Saturday, 7/10, at 12:30 p.m.
 
The clearance request form notes that CICP, STLT, and HSWS have already cleared this.
 
Leza
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 12:24 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
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Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Please see attached clearance form for MMWR 1464.
 
Let me know if I need to do anything additionally at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 9:18 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Thank you, Anna!
 
Alyson,
 
I see you attached the manuscript but mention that it still needs co-author feedback, is that correct? When you
are ready to submit for JIC clearance please send the manuscript and the completed request form I have
attached. I have also attached the SOP for moving MMWRs through clearance to help with any questions on
the process going forward.
 
Best Regards,
Katie
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
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Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Sent: Friday, July 9, 2021 9:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson (CDC ky.gov)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Hi Katie,
 
Epi TF has "adopted" this manuscript for COVID-19 Clearance and Alyson has submitted to begin the clearance process
with Epi TF. Let me know if you have any questions.
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 9, 2021 8:28 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Alyson,
 
Is this an FYI that this MMWR is coming for review? Are you asking for any action from the Epi TF at this time?
 
Best,
Katie 
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
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Leza Young wzv6@cdc.gov

 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 7:06 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Good morning,
 
Attached is the manuscript for MMWR 1464 regarding reinfections and vaccination status.
 
I am making some edits based on co-authors’ feedback for 1459, but hope to have the paper ready tomorrow.
 
I believe both will be “adopted” by the vaccine task force because they involve vaccine effectiveness.  Please let me
know any next steps for this submission.
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov> 
Sent: Thursday, July 8, 2021 2:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Dear Alyson,
 
Following up on your VE/VB MMWR manuscripts, the COVID-19 Response Incident Manager would like to have both
1459 and 1464 published in about a month (see email below). I have copied the Epi Clearance Coordinators
(eocevent210@cdc.gov) and Epi ADS (eocevent496@cdc.gov), who are ready to help you begin the COVID-19
Clearance Process. When do you anticipate submitting these manuscripts?
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Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Thursday, July 8, 2021 10:07 AM
To: Anderson, Mark (CDC/DDPHSIS/CGH/DGHP) <mea6@cdc.gov>
Cc: Lubar, Debra (CDC/DDID/NCEZID/OD) <dpl9@cdc.gov>; Honein, Margaret (Peggy) (CDC/DDID/NCEZID/DPEI)
<mrh7@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Mark, as mentioned yesterday, Peggy would really like to have these published by end of month-early August. They are
top response priorities. Is there anything I can do to facilitate process?
 

1464 Reinfection associated with vaccination status - Kentucky, May-June 2021 (Alyson
Cavanaugh)

Concept approved
6/30

1459 Low county-level vaccination coverage increases the risk of breakthrough infections
among fully vaccinated Kentucky residents – Kentucky, May 2021 (Alyson
Cavanaugh)

Concept approved
6/30

 
Apologies for not sending this note yesterday.
 
Best,
Charlotte
 
 
Charlotte Kent, PhD, MPH
Editor-in-Chief, Morbidity and Mortality Weekly Report (MMWR) Series
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH

DEHP)
Subject: FW: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with

reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Monday, August 2, 2021 12:05:06 PM
Attachments: image002.png

Cavanaugh_07.30_clean_copy_HC_MDA_IMPDIM.docx
TABLE 2_07.29.21_SSU1_HC_MDA.docx
TABLE 1_07.29.21_SSU1_HC_MDA.docx
FIGURE_Supplementary_07.30.21_HC_MDA.docx
TABLE 3_07.29.21_SSU1_HC_MDA.docx

 
Good afternoon,
 
Here are comments on manuscript, tables, and figure.
 
I will begin working on manuscript at this time.  Here is the link for any suggestions for manuscript:

 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, August 2, 2021 11:42 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Fw: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi Alyson,
 
JIC is returning your MMWR with comments. Please note these remarks:
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), which might lead these persons to not seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2, by vaccination status. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. In a separate model accounting for full vaccination, partial vaccination, and no vaccination, partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 


A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)† reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because due to vaccine supply and eligibility requirements, this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 

An oodds ratios and confidence interval were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, as well as . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; [define how you determined statistical significance]. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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* https://covid.cdc.gov/covid-data-tracker/#vaccinations

† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated.  HYPERLINK "https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf" https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021,  were significantly less likely to have been vaccinated than were those who were not reinfected. oOdds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check this result, as 169/492 is 34.3496%, which rounds to 34.3%



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.


TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strong recommendation: tables need to be able to stand alone, please add “SARS-CoV-2” to the title, better yet see title of table 2 that is more complete

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required.  please verify this result, as 7/246 is 2.8455% and rounds to 2.8%

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor comment: consider “individuals at least 18 years old” or “individuals aged at least 18 years” instead of “individuals at least 18 years”

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check the numbers in this figure.

The top box starts with 283,480.  Then 8,056 are excluded (5,717+43+2,296 = 8,056). 

However, 8056 from 283,480 leaves 275,424.  It is thus unclear to me how the next row of boxes has n=262 and n=275.424.  The n=275,424 are accounted for as described above, but where do the 262 come from?

Please verify these numbers are correct as listed, and if so, please consider adding clarifying text so that other readers do not have the same confusion as me about this.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strongly recommended: table and figures titles need to be able to stand alone, please revise this title as done for table 2

following up on comment above regarding n =262, and n=275,242? I agree the numbers need to be checked and ensure correct sequence of the flow diagram

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs  (n = 16)

EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)









Potential Controls

n = 245,539











Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  Those without a NEDSS ID were excluded because of inability to determine reinfection status.




TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: As noted in the text, the wording of this table title to me suggests that  being vaccinated is associated with reinfection.  For example, readers might interpret the first row of results to mean that fully vaccinated people are 2.23 times as likely to be reinfected that those not fully vaccinated.   I strongly suggest that the table title and column headings be revised so that it is clear that the 2.23 means that those who were not reinfected were 2.23 times as likely to be fully vaccinated than those who were reinfected..

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: Please verify this upper bound value.  It is reported in the text as 3.28, which seems more likely to me to be correct than 2.28, given the point estimate is 2.23.



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation: Same comment as in Table 2 footnote.

it is unclear why the language here for controls uses “14 days prior” and the previous sentence for cases uses “a minimum of 14 days prior.”  I would think that the language for controls should be “a minimum of 14 days prior” too.


† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  Same comment as in Table 2 footnote:

In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.




authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

Please address their comments and submit clean copies for OS review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Monday, August 2, 2021 11:39 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi, 
 
Please revise and submit clean copies for OS Review. 
 
Please see below from IM/PDIM,
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
free from reinfection" could more simply be stated as "persons who were not reinfected".  

 
Thank you,
Kaliyah Hunter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
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JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Sent: Monday, August 2, 2021 11:35 AM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS Incident Manager Senior
Advisor -2 <eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret
(Peggy) (CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>; CDC IMS
2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ)
<nzr6@cdc.gov>
Subject: Re: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A few key
points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be noted in the
abstract paragraph so as to not inadvertently suggest that an attempt is being made to bury them. The
authors appropriately include a discussion of the potential reason for the lack of significance in the
Discussion section, which may be due to limited statistical power. Similar framing should be used in the
abstract paragraph as well. Of note, I disagree with a previous reviewer's suggestion around framing of
these findings; I believe the authors took the correct approach by being forthright about stating the
finding was non-significant in the Results, while using the Discussion to articulate what might have led to
that finding and what the implications are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability to fully
realize the report's potential for informing public health practice. I've made several suggestions
throughout to tighten up the text, as well as to simplify the public health practice take-home (i.e. These
findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides
additional protection against reinfection. Persons with previous infection should be encouraged to be
fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-control
study is a strong epidemiological approach to ascertain an association, but it is retrospective and isn't as
fully robust at identifying a causal relationship as a prospective design. That said, the limitations narrative
should be further fleshed out to acknowledge this, while also reinforcing the importance of further
prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the findings (i.e.
generalizability). The study was conducted in a single state, over a two-mont time period, and with a
sample of a few hundred people. It's an important contribution to the literature, but these factors need
to be duly acknowledged and the findings tempered accordingly (e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it could be.
For example, the existing narrative suggests varying criteria were used to define vaccination status in
cases versus controls, which wasn't actually the case. Similarly, phrases such as "persons who remained
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free from reinfection" could more simply be stated as "persons who were not reinfected".  
Brian 
 
Brian A. King, PhD, MPH
Lead, Strategic Science Unit, CDC COVID-19 Response
Guest Science Editor, Morbidity and Mortality Weekly Report Series
E-mail: baking@cdc.gov
Phone: 770.488.5107 / 770.570.6330
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:43 PM
To: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS 2019 NCOV Response
Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS Incident Manager Senior Advisor -2
<eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
IM/PDIM, 
 
We are requesting your review of the attached MMWR (ID# 1464). Please return your
comments by 6pm on 8/2. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 
 

From: Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>
Sent: Sunday, August 1, 2021 9:57 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Deputy Incident
Manager <eocevent259@cdc.gov>; Hacker, Karen (CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Thomas, Craig W.
(CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Cleared with no additional comments
 
Paul Mead, MD, MPH
Deputy Incident Manager (Epi, Lab, Data Visualization Task Forces)
CDC COVID-19 Response
Cell: 970-567-5024

 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Sunday, August 1, 2021 4:57 PM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>; CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

Hi DIMs, 
 
This is a Tier 1 report and we provided the wrong deadline. Please return your comments by
6pm on 8/2, if possible. This one is expected to publish at the end of the week. 
 
Apologies for the inconvenience. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:28 AM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>; Thomas, Craig
W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For DIM Review by 10:30am on 8/3/21: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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DIM Review,
 
Attached is the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 – Kentucky for your review.
 
Comments are due by 10:30am on 8/3/21.
 
Thank you,
 
Jeanita Porter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>
Sent: Saturday, July 31, 2021 5:06 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP)
<ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP) <coq5@cdc.gov>; CDC IMS 2019 NCOV Response
ADS <eocevent264@cdc.gov>; Parham, Mary Angela (CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra
(CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS 2019 NCOV Response Policy <eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
This MMWR has been reviewed by 2 rADS, Mary D. Ari and Harrell Chesson, and is cleared with the understanding that
comments will be addressed and considered as noted. 
 
Thanks for the opportunity to review.
 
Best regards,
Harrell
 
 
Harrell Chesson, PhD
COVID-19 Response ADS Team Reviewer
404-639-8182
404-551-7377
 
Division of STD Prevention
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Centers for Disease Control and Prevention
CDC Mail-Stop US12-3
1600 Clifton Road
Atlanta, GA 30319
 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Friday, July 30, 2021 7:56 PM
To: Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP)
<coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS <eocevent264@cdc.gov>; Parham, Mary Angela
(CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra (CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Chesson,
Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>; Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>;
Muthumalaiappan, Kuzhali (CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB)
<viy3@cdc.gov>; DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb, Rebecca
(CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Policy
<eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler,
Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 – Kentucky
 

ADS Team...
 
Attached you will find the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky for your
review. Comments are due by 6:00p on 8/2/21.
 
HEADS-UP: They have requested expedited review and are seeking DIM approval so this
deadline may chance.
 
Regards,
Lisa Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 30, 2021 7:35 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Request for Review: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
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JIC,
 
Epi TF is submitting Alyson Cavanaugh’s Tier 1 MMWR, “COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky” for expedited review. Attached includes tracked
changes and clean copies of the Article, Tables 1-3 a Supplementary figure and the clearance request form. This
document has been cross-cleared by VTF, HSWS, SSU, and CHEO TFs.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:16 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
I have track changes that address the minor comments from SSU.  I know CHEO cleared with comments, but I am
unsure where to find additional comments from CHEO.  I have e-mailed for further clarification.
 
The supplementary figure was edited in terms of placement of arrows/boxes and track changes weren’t used for
formatting, per comments.
 
Clean copies of manuscript, three tables, and supplementary figure are attached.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
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From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Thursday, July 29, 2021 7:29 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Thank you for clarifying!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:27 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Yes – it’s an odd step in the current protocol – but currently you are required to handle this review with SSU and CHEO.
We recommend cc’ing the Epi Clearance mailbox (eocevent210@cdc.gov) so that we can keep an eye on how it’s
moving, and help you follow up as needed.  
 
I think they may be revisiting this procedure soon; I’m sorry this part is so complicated/unusual. But yes, please
proceed with SSU and CHEO clearance.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
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COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:21 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I did not sent this to CHEO and SSU.  Should I? 
In the past, the clearance coordinator sent my manuscript to them.  However, the instructions from MMWR pre-review
said:

In accordance with the current COVID-19 Response clearance protocol, your next step is to simultaneously send clean copies
of your manuscript files to both the Strategic Science Unit (SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer
(CHEO, eocevent559@cdc.gov) for pre-clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is
copied on your submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then be
submitted to the Response JIC for clearance.

 
I wanted to check with you to see if I should send to SSU and CHEO or should clearance coordinator be managing this
part?
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:18 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI Clearance
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<eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
To clarify, did you already send this to SSU and CHEO for pre-clearance? If so, please update your clearance request
form to reflect this, and then we can proceed with JIC clearance. If not, you will need to complete that step
independently before we (epi clearance) take it from you and go on to JIC.
 
Thanks!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I received feedback from MMWR pre-review. I am attaching the clean copies of the manuscript, tables and figure for
MMWR 1464.   I was told to e-mail to CHEO and SSU.  However, I believe you will pass this on?  Please let me know if I
should be sending this anywhere else at this time.

Thank you,
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
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the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 12:44 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I think that "4289" in the subject line was used by VTF when they re-reviewed it, and we can disregard that
entirely.
 
Actually, the next step is for you to submit this to MMWR pre-clearance. We do not handle that step in the
process. Epi TF clearance coordinators should be looped back in after you receive clearance from Brian King and
his group. 
 
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Sunday, July 25, 2021 12:33 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Please see attached clean and track versions.
 
I believe this is MMWR 1464.  Is that correct?  I added 1464 on the clearance request form, but this may need to be
edited (The subject heading says 4289).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 11:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF has cleared your MMWR. Please address the comments in the link below.
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Your next step is to send clean and tracked versions, along with an updated clearance request form, to MMWR
pre-clearance. 

Once you have been cleared by MMWR pre-clearance, please return the latest clean and tracked copies, and an
updated clearance request form, to this mailbox for submission to SSU and CHEO.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
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Sent: Sunday, July 25, 2021 11:04 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
Please see following from JIC: 
 

Reinfection and vaccination status_07.23.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Saturday, July 24, 2021 4:06 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
This is cleared by VTF ADS with comments that should be addressed.
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Friday, July 23, 2021 2:04 PM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi all,
 
The author has addressed your comments and returned this document for re-review. The tracked changes version is
attached for reference.  However, please make any additional comments in the clean version linked below.  
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Thanks,
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Kimberly
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 23, 2021 1:11 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE-REVIEW due 7/24 at 1:30PM - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
VTF,
 
Alyson Cavanaugh is submitting this Tier 1 MMWR article for your re-review. Attached is a clean copy and tracked
changes copy with comments addressed. The requested deadline for your re-review is 7/24 at 1:30PM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 23, 2021 12:58 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,

Please see attached track and clean copies of revised paper.  We believe the changes in analysis are appropriate to
address concerns.  However, if additional changes are suggested, please let us know.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:45 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Alyson,
 
VTF did not clear your MMWR article. Please see their comments in the attached Word doc. Additional notes from
reviewers below:
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
Please address comments and resubmit a clean copy and tracked changes copy for re-review with VTF.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
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Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:27 PM
To: Bunting, Hannah (CDC/DDID/NCIRD/OD) (CTR) <rou3@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
The below document is not cleared by VTF. Please address comments in the below link and return clean and tracked
changes copies for re-review. Additionally, please note the following: 
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 Reinfection and vaccination status_07.20.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Wednesday, July 21, 2021 2:45 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
This is not cleared by VTF ADS. Please see comment below and submit a revised version.
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While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading and
probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who is not
fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather than those
who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 
 
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 9:26 AM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra (CDC/DDID/NCIRD/DBD)
<xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 

The author has addressed your comments and returned this document for re-review. The tracked changes version is
attached for reference.  However, please make any additional comments in the clean version linked below.
 

Reinfection and vaccination status_07.20.21_clean.docx

 
Thanks,
Kimberly
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Wednesday, July 21, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good Morning VTF,
 
The author has made changes and we are requesting a re review. Please find clean and tracked copies attached.
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Deadline for review is 7/22 by 8 AM
 
Best Regards,
Katie
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Tuesday, July 20, 2021 9:05 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Please find attached the clean and track changes of MMWR on reinfections and vaccination.   Please let me know if
anything further is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Saturday, July 17, 2021 1:22 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
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Subject: Fw: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF did not clear your MMWR. Please address the comments in the attached file and return clean and tracked
copies for re-review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Saturday, July 17, 2021 1:08 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Epi,
 
The below document is not cleared by VTF. Please return clean and tracked changes copies for re-review.  
 
 

Reinfection and vaccination status_07.14.21_clean.docx
Clearance Request Form_July 14_reinfection.docx

 
Thanks,
Dany
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8am-8pm EST Monday-Friday 
                                     12pm-5pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Saturday, July 17, 2021 12:41 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
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Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Please advise the status of the requested cross-clearance review of the MMWR titled "COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky."
The review was due Friday, 7/16, at 10 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
We request the courtesy of a response with a status update.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 2:29 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Epi TF still requests your comments on this Tier 1 MMWR. As a reminder, here is the link:
 

Reinfection and vaccination status_07.14.21_clean.docx
 
Comments were due at 10 a.m., so please return your comments as soon as possible so that we can proceed
with the clearance process.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, July 13, 2021 12:24 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Epi ADS re-reviewed and cleared your MMWR with comments in the attached document. Please address comments
and resubmit both a clean copy and a tracked changes copy to proceed with cross-clearance.
 
Also, your clearance request form originally stated that this MMWR article has been cleared by STLT, HSWS, and CICP.
You and STLT have confirmed that Epi TF is the only TF to have reviewed it yet. When you resubmit, please update your
clearance request form to reflect that only Epi TF has cleared it thus far.
 
Thank you!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov> 
Sent: Tuesday, July 13, 2021 11:42 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Clearance Team—this review is complete.
 
Reviewer:           Lisa Grohskopf (ADS), Ruth Link-Gelles (SME)
Decision:             Cleared with comments, some mandatory
Comments:         please see attached
Please send to Lab TF as informational (not for cross clearance).
 
Thank,
Lisa
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, July 12, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A. (CDC/DDID/NCIRD/ID)
<lkg6@cdc.gov>
Subject: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good morning Epi ADS,
 
Lisa -- Alyson Cavanaugh is submitting her Tier 1 MMWR for re-review: “COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky”. Attached includes a clean
copy and a tracked changes copy. See your initial decision record below:
 

Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs
listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 

 
The deadline for your re-review of this expedited article is 7/13 at 7:30AM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Sunday, July 11, 2021 9:56 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Thank you very much for the review.   Please see attached clean and track changes of edits based on the suggestions. 
All comments have been addressed. 
 
This paper has only been reviewed by epi TF to date.  Am I supposed to send to the other task forces for cross-
clearance?  No other task forces have yet reviewed this.
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Thank you,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department of Public Health
275 E. Main St.
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, July 11, 2021 8:00 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: Fwd: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or
entity to which it is addressed and may contain confidential information that is legally privileged and exempt from
disclosure under applicable law. If the reader of this message is not the intended recipient, you are notified that any
review, use, disclosure, distribution or copying of this communication is strictly prohibited. If you have received this
communication in error, please contact the sender by reply e-mail and destroy all copies of the original message.

From: CDC IMS 2019 NCOV Response EPI Clearance < 
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
< >
Subject: Fw: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
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Epi TF has reviewed and does not clear this MMWR. Please see the following comments:
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Please address the comments in the attached document and submit clean and tracked copies for re-review.
Additionally, please provide documentation of cross-clearance by STLT, CICP, and HSWS.
 
Thank you,
Leza
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Sent: Saturday, July 10, 2021 12:22 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Clearance Team! This review is complete.
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the TFs listed
on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Thanks!
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 12:32 PM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Team,
 
The attached Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk

IR#0588 - KT DPH - Production_000468

mailto:eocevent210@cdc.gov
mailto:qqz9@cdc.gov
mailto:rou3@cdc.gov
mailto:wzv6@cdc.gov
mailto:eocevent496@cdc.gov
mailto:eocevent210@cdc.gov
mailto:eocevent210@cdc.gov
mailto:eocevent496@cdc.gov
mailto:eocevent210@cdc.gov


of reinfection – May through June, 2021 - Kentucky," is submitted for review. The deadline for review is
Saturday, 7/10, at 12:30 p.m.
 
The clearance request form notes that CICP, STLT, and HSWS have already cleared this.
 
Leza
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 12:24 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Please see attached clearance form for MMWR 1464.
 
Let me know if I need to do anything additionally at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 9:18 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response EPI Clearance
<eocevent210@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
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Thank you, Anna!
 
Alyson,
 
I see you attached the manuscript but mention that it still needs co-author feedback, is that correct? When you
are ready to submit for JIC clearance please send the manuscript and the completed request form I have
attached. I have also attached the SOP for moving MMWRs through clearance to help with any questions on
the process going forward.
 
Best Regards,
Katie
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Sent: Friday, July 9, 2021 9:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson (CDC ky.gov)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Hi Katie,
 
Epi TF has "adopted" this manuscript for COVID-19 Clearance and Alyson has submitted to begin the clearance process
with Epi TF. Let me know if you have any questions.
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 9, 2021 8:28 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
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Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Alyson,
 
Is this an FYI that this MMWR is coming for review? Are you asking for any action from the Epi TF at this time?
 
Best,
Katie 
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 7:06 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Good morning,
 
Attached is the manuscript for MMWR 1464 regarding reinfections and vaccination status.
 
I am making some edits based on co-authors’ feedback for 1459, but hope to have the paper ready tomorrow.
 
I believe both will be “adopted” by the vaccine task force because they involve vaccine effectiveness.  Please let me
know any next steps for this submission.
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which
it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If
the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
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destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov> 
Sent: Thursday, July 8, 2021 2:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI TF ADS
<eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Dear Alyson,
 
Following up on your VE/VB MMWR manuscripts, the COVID-19 Response Incident Manager would like to have both
1459 and 1464 published in about a month (see email below). I have copied the Epi Clearance Coordinators
(eocevent210@cdc.gov) and Epi ADS (eocevent496@cdc.gov), who are ready to help you begin the COVID-19
Clearance Process. When do you anticipate submitting these manuscripts?
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Thursday, July 8, 2021 10:07 AM
To: Anderson, Mark (CDC/DDPHSIS/CGH/DGHP) <mea6@cdc.gov>
Cc: Lubar, Debra (CDC/DDID/NCEZID/OD) <dpl9@cdc.gov>; Honein, Margaret (Peggy) (CDC/DDID/NCEZID/DPEI)
<mrh7@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Mark, as mentioned yesterday, Peggy would really like to have these published by end of month-early August. They are
top response priorities. Is there anything I can do to facilitate process?
 

1464 Reinfection associated with vaccination status - Kentucky, May-June 2021 (Alyson
Cavanaugh)

Concept approved
6/30

1459 Low county-level vaccination coverage increases the risk of breakthrough infections
among fully vaccinated Kentucky residents – Kentucky, May 2021 (Alyson
Cavanaugh)

Concept approved
6/30

 
Apologies for not sending this note yesterday.
 
Best,
Charlotte
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Charlotte Kent, PhD, MPH
Editor-in-Chief, Morbidity and Mortality Weekly Report (MMWR) Series
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor

(CHFS DPH DEHP)
Subject: FW: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is

associated with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Monday, August 2, 2021 4:55:58 PM
Attachments: image002.png

Cavanaugh_08.02_track.docx
Cavanaugh_08.02_clean.docx
TABLE 1_08.02.21_track.docx
TABLE 1_08.02.21_clean.docx
TABLE 2_08.02.21_clean.docx
TABLE 3_08.2.21_clean.docx
TABLE 3_08.2.21_track.docx
TABLE 2_08.02.21_track.docx

For your records – and in case anyone wants to re-look at this prior to next round of revisions.
 
 
(Also – remind me of this day if I ever think about an MMWR concept proposal again).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Monday, August 2, 2021 4:51 PM
To: 'CDC IMS 2019 NCOV Response EPI Clearance' <eocevent210@cdc.gov>
Subject: RE: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Good afternoon,

I am attaching track changes for manuscript and three tables, as well as clean copies of all.  We will not be
including the supplementary figure in submission.

Please let me know if anything else is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): The rADS comments in this manuscript are labeled L1, L2, and L3.
 
L1:  mandatory to address 
L2: it is strongly advised that you consider this. 
L3: minor comment—please consider. 

Comments without the L1, L2, L3 designation are purely informational or commentary.

Thanks for the opportunity to review, and congrats to the authors on this important study.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please ensure that your manuscript is within MMWR’s prescribed limit of 1,650 for COVID-19 related articles. At present, the draft is nearly 1,700 words. To help meet the word deadline, some content (e.g. more technical and supporting language) would be moved to footnotes.

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Forego this initial background sentence, which doesn’t add much. The first paragraph essentially serves as the abstract, so should be concise and to the point. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): OK

[bookmark: _Hlk78635231]A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination.. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of among persons previously infected Kentucky residents who remained free from reinfection through June 2021with SARS-CoV-2. Vaccination status of cases and controls were compared.  Among previously infected Kentucky residents, those who remained free fromwere not reinfectedion had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference., These findings suggest that among persons with previous SARS-CoV-2 infection, suggesting thatfull vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH):  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Please avoid the phrase “remained free from reinfection”. It could be more simply stated as “who were not reinfected.” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Include partial vaccination information as well. This reinforces the importance of full vaccination as opposed to only partial, which is the ultimate public health goal. 

I’ve also enhanced the public health practice implications accordingly, to more squarely highlight the importance of full vaccination. 
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): ok

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)*† reported in to the Kentucky’s National Electronic Disease Surveillance System (NEDSS) from during March– through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021– through June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020  and who rwho were not reinfected,emained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of genderbased on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1. Reorder footnotes to accommodate deletion of initial one up top. Can also delete the first sentence here since the case-control design was duly noted in the first paragraph. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The explanation is dense and too far into the weeds for MMWR. Can put this in a footnote. I’ve inserted here, but should reorder footnotes as needed given deletion of one above. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: Re-ordered

Vaccination status was determined using data from the Kentucky Immunization Rregistry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference groupAdditionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but did not complete the vaccine series not complete at least ≥14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: should “Registry” be capitalized?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Capitalized	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: The framing inadvertently suggests that you used different criteria for defining full vaccination between cases and controls. Modify language to align more closely with the case-patient definition. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: But this is only for a two dose series. What about single dose J&J? Need more clarity here. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I believe the edit clarifies that if one dose was received (regardless of vaccine brand) but it wasn't complete 14 days it would fall into partial vaccination

An oodds ratios and confidence intervals were calculated used to compareing fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of . An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses; significance was defined at a threshold of =0.05.. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to include a brief statement here that defines how you determined statistical significant, which is mentioned in the Results. 

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gendersex, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.34% of controls (Table 2). Compared with those who were reinfected, pPreviously infected persons who remained free fromwere not reinfectedion hadwere 2.23 times the oddsas likely (95% CI = 1.51–3.28) toof being be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. and unvaccinated, those not reinfected had odds of being fully vaccinated were 2.34 times the odds as high (95% CI = 1.586 –3.47)  of having been fully vaccinated compared with the reinfection cases. among those who remained free of reinfection compared with those reinfected. Partial versus no vaccination was not significantly associated with remaining free of reinfectionion compared with  no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: suggest defining or clarifying what “initial” means; it might not actually be the patient’s first infection, right?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: First infection date was used.  Those reinfected prior to May were excluded. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: See Table 2 comments, I think this value should be 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: upper bound is 2.28 in Table 3 and 3.28 here, please reconcile	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 3.28 is correct.  Table was corrected	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2:  strong recommendation.  I think people will wonder why estimates of vaccine effectiveness against reinfection are not provided in this study.  I think the authors should consider providing vaccine effectiveness  estimates or explaining why they are not included.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: the lower bound is 1.58 in Table 3 and 1.56 here, please reconcile
	Comment by Cavanaugh, Alyson (CHFS DPH DEHP) [2]: 1.58 is correct.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS: L2: strong recommendation.  As worded, this sentence does not suggest a protective response of partial vaccination.  To me it suggests that the odds of reinfection were higher (OR 1.5) for those with partial vaccination vs no vaccination.  I think this should be revised to clarify that those not reinfected were 1.5 times as likely to be partially vaccinated (vs. not vaccinated) as those who were reinfected.   As noted in the discussion section, “Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive of a protective response.”


	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: I disagree with this suggestion. If the findings is not statistically significant, then you cannot say that it was 1.5 times higher since the findings was within the prescribed error limits. Instead, the finding can be duly discussed in the narrative of the Discussion section about what the implications are – i.e. it was headed in the right direction of a protective effect, but was not statistically significant. 

Discussion

The findings from this study show that aAmong Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for DiseaseA Control and Prevention (CDC) dvisory Committee on Immunization Practices’ recommendation that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS:  Just a comment that I think this is the best way to phrase the findings, that vaccination was associated with a reduced likelihood of reinfection.  

It is much less clear to me when described as the association between vaccination and reinfection, as is done in instances highlighted below and in Table 3.	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2: Please provide reference if ACIP recommendation has been published.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.**	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Combine this second paragraph with the third to enhance clarity and flow. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: It wasn’t clear what you were attempting to get at by mentioning the alpha variant in this paragraph. I’ve tightened up this paragraph a bit for brevity and clarity. As originally framed, the text was difficult to follow and wasn’t as clear and succinct as MMWR articles should be. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Thank you for this suggestion

Further, tThe emergence of new variants might affect the duration of infection-acquired immunity, and . In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation. †† This variant had not been identified in Kentucky until 2021§§, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. lLaboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, aA recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (79). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings from this study suggest that among previously infected persons, full vaccination is associated with remaining freereduced odds of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to findlack of a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore thewhich limited statistical power to detect a difference. Although not statistically significant, the magnitude of point estimate of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,96,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection  relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L2: Need to better explain what the implications are of this. Lay readers won’t be able to connect the dots, so best to explicitly state what it means – i.e. further reinforces impact of vaccination on preventing reinfection. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: as noted above, I think it is confusing to phrase this as the association between vaccination and reinfection risk.  The language used in the first sentence of the discussion section is much better, I think, as it describes the association between full vaccination and reduced likelihood of reinfection.

The findings in this report are subject to at least fiveour limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between of vfull vaccination with reduced likelihood of reinfection and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missingbe more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. aAlthough case-patients and controls were matched on age, gendersex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: You also need a limitation noting it is findings from a single state during a very brief period (i.e. May-June). Thus, generalizability may be impacted. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Added this at the end - combining with limitations that this is retrospective study design.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  I suggest rewording so as not to suggest that vaccination is associated with reinfection.  Something like: “Therefore, the association between vaccination and reduced likelihood of reinfection might be overestimated” 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Also need a limitation that acknowledges you couldn’t fully determine causation here. Case-control studies are less adept at showing a causal relationship than cohort studies due to the retrospective nature of the design. Would include framing here that acknowledges that, and calls for further prospective research.  

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected., providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. PPersons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 




Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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* https://covid.cdc.gov/covid-data-tracker/#vaccinationshttps://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

†  HYPERLINK "https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html" https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

§ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf



¶§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶** https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

†† HYPERLINK "https://covid.cdc.gov/covid-data-tracker/#variant-proportions" https://covid.cdc.gov/covid-data-tracker/#variant-proportions

§§ HYPERLINK "https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/" https://nkyhealth.org/2021/01/27/media-advisory-new-variant-strain-b-1-1-7-uk-variant-found-in-northern-kentucky/

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected.vaccination status of those reinfected in May through June 2021 were compared to those not reinfected.  OOdds of being fully vaccinated (versus being unvaccinated) wereas 2.34 times as highhigher in the group of previously infected persons who were notremained free from reinfectedion in this case-control study. 	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: This is really difficult to follow. Frame the results in the same fashion as you do in the first paragraph of the report. 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1 (required): Please verify.  I think this should be “2.34 times as high”, not “2.34 times higher”, right?

rADS L2: I think the subject-verb agreement is off, should be “odds…were” not “odds…was” 



What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.	Comment by King, Brian a. (CDC/DDNID/NCCDPHP/OSH): L1: Ensure framing is consistent throughout. This summary section is essentially an abstract of your abstract paragraph (i.e. the first paragraph), so it should be verbatim. As originally written, the framing differed between the two.  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3 minor: perhaps include “eligible” to clarify that vaccination should be offered to “eligible, previously-infected persons”
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

[bookmark: _Hlk78635231]Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1), potentially leading these persons not to seek COVID-19 vaccination. Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2. Among previously infected Kentucky residents, those who were not reinfected had 2.34 times the odds (95% CI  = 1.56 –3.47) of being fully vaccinated compared with those who were reinfected. Partial vaccination was not significantly associated with remaining free of reinfection compared with no vaccination (OR = 1.50; 95% CI = 0.82–2.73), which might be due to limited statistical power to detect a difference. These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.† Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected, through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth.  Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the  reinfection date For controls, the same definition was applied, using the reinfection date of the matched case-patient.  Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). Additionally, a secondary analysis categorized status as fully vaccinated, partially vaccinated (i.e. at least one dose of vaccine but vaccine series not complete at least 14 days before reinfection date of case-patient), and unvaccinated. Using conditional logistic regression models, odds ratios and confidence intervals were used to compare fully vaccinated versus not fully vaccinated status in case-patients and controls, with a second analysis of full vaccination and partial vaccination to no vaccination. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses; significance was defined at a threshold of =0.05. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with those who were reinfected, previously infected persons who were not reinfected had 2.23 times the odds (95% CI = 1.51–3.28) of being fully vaccinated versus not fully vaccinated (Table 3). When using classification of fully vaccinated, partially vaccinated, vs. unvaccinated, those not reinfected had 2.34 times the odds (95% CI = 1.58 –3.47) of having been fully vaccinated compared with the reinfection cases. Partial versus no vaccination was not significantly associated with remaining free of reinfection   (OR = 1.50; 95% CI = 0.82–2.73).

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be fully vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.¶ 

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (6). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (7). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination is associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (1.50) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (8,9). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the measure of association, thus providing further reinforcement that full vaccination among previously-infected individuals is associated with reduced likelihood of reinfection (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who remained free from reinfection were more than twice as likely to have been fully vaccinated compared to persons who were reinfected. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 
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* https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

† The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. Odds of being fully vaccinated (versus being unvaccinated) were 2.34 times as high in the group of previously infected persons who were not reinfected in this case-control study. 

What are the implications for public health practice?

Persons with previous SARS-CoV-2 infection should be encouraged to be fully vaccinated to reduce their risk of reinfection.
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[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) case-patients and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021	Comment by Ari, Mary D. (CDC/DDPHSS/OS/OSQ): rADS L2 strong recommendation: tables need to be able to stand alone, please add “SARS-CoV-2” to the title, better yet see title of table 2 that is more complete

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.89)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required.  please verify this result, as 7/246 is 2.8455% and rounds to 2.8%

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor comment: consider “individuals at least 18 years old” or “individuals aged at least 18 years” instead of “individuals at least 18 years”

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients)  and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.8)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals aged at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.3)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient, for controls).  




TABLE 3. Association of SARS-CoV-2 reinfection with COVID-19 vaccination status — Kentucky, May–June 2021

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–3.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





[bookmark: _GoBack]Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by sex, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  




TABLE 3. Association of COVID-19 vaccination status and SARS-CoV-2 reinfection with SARS-CoV-2COVID-19 vaccination status — Kentucky, May–June 2021	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: As noted in the text, the wording of this table title to me suggests that  being vaccinated is associated with reinfection.  For example, readers might interpret the first row of results to mean that fully vaccinated people are 2.23 times as likely to be reinfected that those not fully vaccinated.   I strongly suggest that the table title and column headings be revised so that it is clear that the 2.23 means that those who were not reinfected were 2.23 times as likely to be fully vaccinated than those who were reinfected..

		

Vaccination status

		Not reinfected vs. Reinfected

Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–32.28)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required: Please verify this upper bound value.  It is reported in the text as 3.28, which seems more likely to me to be correct than 2.28, given the point estimate is 2.23.



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients (reinfected) and controls (not reinfected) had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

Case-patients and controls were matched by sexgender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients and controls were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to case-patient’s reinfection date. (For controls, the matched case-patient’s reinfection date was used). Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-patient (or matched case-patient for controls).  	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  Same comment as in Table 2 footnote:

In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.



[bookmark: _GoBack]TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.34)	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L1: required:  Please check this result, as 169/492 is 34.3496%, which rounds to 34.3%	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Correct. 



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive NAAT nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L3: minor: NAAT is defined in previous sentence so does not need to be spelled out again.

† Case-patientss were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated using same criteria, using the if vaccination was complete 14 days prior to reinfection date of matched case-patient. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case-. patient (or matched case-patient, for controls).   	Comment by Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP): rADS L2: strong recommendation.  In the preceding footnote, the definition of fully vaccinated is provided for cases and for controls.  Here, it seems to be defined only for cases. I suggest defining for both cases and controls.

rADS L2: Also, this footnote uses “by 14 days prior”, whereas previous footnote uses “a minimum of 14 days prior”.  I suggest consistent terminology if possible.
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to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, August 2, 2021 11:42 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Fw: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi Alyson,
 
JIC is returning your MMWR with comments. Please note these remarks:
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 
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Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

Please address their comments and submit clean copies for OS review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Cara Cowan rwj9@cdc.gov
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Monday, August 2, 2021 11:39 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: Returning for Revision (OS Review Next) - (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi, 
 
Please revise and submit clean copies for OS Review. 
 
Please see below from IM/PDIM,
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Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 

Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

 
Thank you,
Kaliyah Hunter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
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Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Sent: Monday, August 2, 2021 11:35 AM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS Incident
Manager Senior Advisor -2 <eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD)
<akc9@cdc.gov>; Honein, Margaret (Peggy) (CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman,
Pamela (ATSDR/OPPE) <pxp5@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications
<eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: Re: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Approved for IM/PDIM with the expectation that comments and edits in the attached are addressed. A
few key points: 
 

A more robust acknowledgment of the non-significant partial vaccination findings should be
noted in the abstract paragraph so as to not inadvertently suggest that an attempt is being made
to bury them. The authors appropriately include a discussion of the potential reason for the lack
of significance in the Discussion section, which may be due to limited statistical power. Similar
framing should be used in the abstract paragraph as well. Of note, I disagree with a previous
reviewer's suggestion around framing of these findings; I believe the authors took the correct
approach by being forthright about stating the finding was non-significant in the Results, while
using the Discussion to articulate what might have led to that finding and what the implications
are. 

Several sections of the manuscript are overly verbose and technical, which could limit the ability
to fully realize the report's potential for informing public health practice. I've made several
suggestions throughout to tighten up the text, as well as to simplify the public health practice
take-home (i.e. These findings suggest that among persons with previous SARS-CoV-2 infection,
full vaccination provides additional protection against reinfection. Persons with previous infection
should be encouraged to be fully vaccinated to reduce their risk of reinfection). 

Care should be taken to not overstate the findings based on the employed study design. A case-
control study is a strong epidemiological approach to ascertain an association, but it is
retrospective and isn't as fully robust at identifying a causal relationship as a prospective design.
That said, the limitations narrative should be further fleshed out to acknowledge this, while also
reinforcing the importance of further prospective research to assess this issue. 

A limitation also needs to be added that more directly broaches the external validity of the
findings (i.e. generalizability). The study was conducted in a single state, over a two-mont time
period, and with a sample of a few hundred people. It's an important contribution to the
literature, but these factors need to be duly acknowledged and the findings tempered accordingly
(e.g. "findings suggest that"). 
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Please ensure that terminology, particularly around the measures, is described as clearly as it
could be. For example, the existing narrative suggests varying criteria were used to define
vaccination status in cases versus controls, which wasn't actually the case. Similarly, phrases such
as "persons who remained free from reinfection" could more simply be stated as "persons who
were not reinfected".  

Brian 
 
Brian A. King, PhD, MPH
Lead, Strategic Science Unit, CDC COVID-19 Response
Guest Science Editor, Morbidity and Mortality Weekly Report Series
E-mail: baking@cdc.gov
Phone: 770.488.5107 / 770.570.6330
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:43 PM
To: CDC IMS 2019 NCOV Response IM-PDIM Special Assts <eocevent446@cdc.gov>; CDC IMS 2019 NCOV
Response Strategic Scientific Unit <eocevent538@cdc.gov>; CDC IMS Incident Manager Senior Advisor -2
<eocdhslno2@cdc.gov>; Christie, Athalia (CDC/DDPHSIS/CGH/OD) <akc9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; Protzel Berman, Pamela (ATSDR/OPPE) <pxp5@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent,
Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For IM/DIM Review by 6pm on 8/2: (ID1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
IM/PDIM, 
 
We are requesting your review of the attached MMWR (ID# 1464). Please return your
comments by 6pm on 8/2. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 
 

From: Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>
Sent: Sunday, August 1, 2021 9:57 PM
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To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Deputy
Incident Manager <eocevent259@cdc.gov>; Hacker, Karen (CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: RE: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Cleared with no additional comments
 
Paul Mead, MD, MPH
Deputy Incident Manager (Epi, Lab, Data Visualization Task Forces)
CDC COVID-19 Response
Cell: 970-567-5024

 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Sunday, August 1, 2021 4:57 PM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline
(CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>;
Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Updated Deadline - For DIM Review by 6pm on 8/2: (ID1464)MMWR-COVID-19 vaccination after
SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

Hi DIMs, 
 
This is a Tier 1 report and we provided the wrong deadline. Please return your
comments by 6pm on 8/2, if possible. This one is expected to publish at the end of the
week. 
 
Apologies for the inconvenience. 
 
Thank you, 
 
Brian Panasuk
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
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Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Sunday, August 1, 2021 10:28 AM
To: CDC IMS 2019 NCOV Response Deputy Incident Manager <eocevent259@cdc.gov>; Hacker, Karen
(CDC/DDNID/NCCDPHP/OD) <pju3@cdc.gov>; Mead, Paul (CDC/DDID/NCEZID/DVBD) <pfm0@cdc.gov>;
Thomas, Craig W. (CDC/DDNID/NCCDPHP/DPH) <cht2@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and
Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent,
Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For DIM Review by 10:30am on 8/3/21: (ID1464)MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

DIM Review,
 
Attached is the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 – Kentucky for your review.
 
Comments are due by 10:30am on 8/3/21.
 
Thank you,
 
Jeanita Porter
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>
Sent: Saturday, July 31, 2021 5:06 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Cassell, Cynthia H.
(CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G. (CDC/DDNID/NCCDPHP/DHDSP)
<coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS <eocevent264@cdc.gov>; Parham, Mary Angela
(CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra (CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>;
Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>; Muthumalaiappan, Kuzhali
(CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB) <viy3@cdc.gov>;
DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb,
Rebecca (CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS 2019 NCOV Response Policy <eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR
and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>;
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Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ)
<nzr6@cdc.gov>
Subject: RE: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
This MMWR has been reviewed by 2 rADS, Mary D. Ari and Harrell Chesson, and is cleared with the
understanding that comments will be addressed and considered as noted. 
 
Thanks for the opportunity to review.
 
Best regards,
Harrell
 
 
Harrell Chesson, PhD
COVID-19 Response ADS Team Reviewer
404-639-8182
404-551-7377
 
Division of STD Prevention
Centers for Disease Control and Prevention
CDC Mail-Stop US12-3
1600 Clifton Road
Atlanta, GA 30319
 
 
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Friday, July 30, 2021 7:56 PM
To: Cassell, Cynthia H. (CDC/DDPHSIS/CGH/DGHP) <ivv7@cdc.gov>; George, Mary G.
(CDC/DDNID/NCCDPHP/DHDSP) <coq5@cdc.gov>; CDC IMS 2019 NCOV Response ADS
<eocevent264@cdc.gov>; Parham, Mary Angela (CDC/DDID/NCIRD/OD) (CTR) <ydl2@cdc.gov>; Steiner, Sandra
(CDC/DDPHSIS/CPR/OD) <sxs8@cdc.gov>; Chesson, Harrell (CDC/DDID/NCHHSTP/DSTDP) <hbc7@cdc.gov>;
Robinson, Tashina (CDC/NIOSH/SMRD/MHB) <ngg9@cdc.gov>; Muthumalaiappan, Kuzhali
(CDC/DDID/NCIRD/OD) (CTR) <rui3@cdc.gov>; Eiter, Brianna (CDC/NIOSH/SMRD/MHB) <viy3@cdc.gov>;
DeSisto, Carla Lucia (CDC/DDNID/NCCDPHP/DRH) <WUP5@cdc.gov>; Rajakumar, Augustine
(CDC/DDID/NCIRD/OD) (CTR) <rux4@cdc.gov>; Ari, Mary D. (CDC/DDPHSS/OS/OSQ) <mkb9@cdc.gov>; Leeb,
Rebecca (CDC/DDNID/NCBDDD/DHDD) <rsl4@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response Policy
<eocevent209@cdc.gov>; CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>;
Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD)
<cgk3@cdc.gov>; Reynolds, Mary (CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: For ADS Review by 6:00p on 8/2/21: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 

ADS Team...
 
Attached you will find the MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 – Kentucky for
your review. Comments are due by 6:00p on 8/2/21.
 
HEADS-UP: They have requested expedited review and are seeking DIM approval so
this deadline may chance.
 
Regards,
Lisa Lynch
JIC Emergency Clearance: eocjicclear3@cdc.gov 
COVID-19 Response Joint Information Center (JIC)
Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
 
JIC Emergency Clearance Coordinators
Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 30, 2021 7:35 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Request for Review: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
JIC,
 
Epi TF is submitting Alyson Cavanaugh’s Tier 1 MMWR, “COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky” for expedited review.
Attached includes tracked changes and clean copies of the Article, Tables 1-3 a Supplementary figure and the
clearance request form. This document has been cross-cleared by VTF, HSWS, SSU, and CHEO TFs.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 7:16 PM
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To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
I have track changes that address the minor comments from SSU.  I know CHEO cleared with comments, but I
am unsure where to find additional comments from CHEO.  I have e-mailed for further clarification.
 
The supplementary figure was edited in terms of placement of arrows/boxes and track changes weren’t used
for formatting, per comments.
 
Clean copies of manuscript, three tables, and supplementary figure are attached.
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Thursday, July 29, 2021 7:29 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Thank you for clarifying!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
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Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:27 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
Yes – it’s an odd step in the current protocol – but currently you are required to handle this review with SSU
and CHEO. We recommend cc’ing the Epi Clearance mailbox (eocevent210@cdc.gov) so that we can keep an
eye on how it’s moving, and help you follow up as needed.  
 
I think they may be revisiting this procedure soon; I’m sorry this part is so complicated/unusual. But yes, please
proceed with SSU and CHEO clearance.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:21 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
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Good morning,
 
I did not sent this to CHEO and SSU.  Should I? 
In the past, the clearance coordinator sent my manuscript to them.  However, the instructions from MMWR
pre-review said:

In accordance with the current COVID-19 Response clearance protocol, your next step is to simultaneously send
clean copies of your manuscript files to both the Strategic Science Unit (SSU, eocevent538@cdc.gov) and the Chief
Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-clearance. Please ensure that the MMWR functional
box (eocevent172@cdc.gov) is copied on your submission e-mail to SSU and CHEO. Once both SSU and CHEO
have cleared your manuscript, it can then be submitted to the Response JIC for clearance.

 
I wanted to check with you to see if I should send to SSU and CHEO or should clearance coordinator be
managing this part?
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Thursday, July 29, 2021 7:18 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
To clarify, did you already send this to SSU and CHEO for pre-clearance? If so, please update your clearance
request form to reflect this, and then we can proceed with JIC clearance. If not, you will need to complete that
step independently before we (epi clearance) take it from you and go on to JIC.
 
Thanks!
Hannah
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________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, July 29, 2021 7:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Good morning,
 
I received feedback from MMWR pre-review. I am attaching the clean copies of the manuscript, tables and
figure for MMWR 1464.   I was told to e-mail to CHEO and SSU.  However, I believe you will pass this on? 
Please let me know if I should be sending this anywhere else at this time.

Thank you,
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 12:44 PM
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To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of
reinfection – May through June, 2021 - Kentucky
 
Hi Alyson,
 
I think that "4289" in the subject line was used by VTF when they re-reviewed it, and we can disregard
that entirely.
 
Actually, the next step is for you to submit this to MMWR pre-clearance. We do not handle that step in
the process. Epi TF clearance coordinators should be looped back in after you receive clearance from
Brian King and his group. 
 
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Sunday, July 25, 2021 12:33 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Please see attached clean and track versions.
 
I believe this is MMWR 1464.  Is that correct?  I added 1464 on the clearance request form, but this may need
to be edited (The subject heading says 4289).
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
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Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Sunday, July 25, 2021 11:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF has cleared your MMWR. Please address the comments in the link below.
 

Reinfection and vaccination status_07.23.21_clean.docx
 
Your next step is to send clean and tracked versions, along with an updated clearance request form, to
MMWR pre-clearance. 

Once you have been cleared by MMWR pre-clearance, please return the latest clean and tracked
copies, and an updated clearance request form, to this mailbox for submission to SSU and CHEO.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Sunday, July 25, 2021 11:04 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
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risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
Please see following from JIC: 
 

Reinfection and vaccination status_07.23.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Saturday, July 24, 2021 4:06 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
This is cleared by VTF ADS with comments that should be addressed.
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Friday, July 23, 2021 2:04 PM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk
of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 
The author has addressed your comments and returned this document for re-review. The tracked changes
version is attached for reference.  However, please make any additional comments in the clean version linked
below.  
 

Reinfection and vaccination status_07.23.21_clean.docx
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Thanks,
Kimberly
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday - Friday 
                                     11am-1pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 23, 2021 1:11 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE-REVIEW due 7/24 at 1:30PM - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
VTF,
 
Alyson Cavanaugh is submitting this Tier 1 MMWR article for your re-review. Attached is a clean copy and
tracked changes copy with comments addressed. The requested deadline for your re-review is 7/24 at 1:30PM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 23, 2021 12:58 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
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Good afternoon,

Please see attached track and clean copies of revised paper.  We believe the changes in analysis are
appropriate to address concerns.  However, if additional changes are suggested, please let us know.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:45 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: VTF NOT CLEARED - Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Alyson,
 
VTF did not clear your MMWR article. Please see their comments in the attached Word doc. Additional notes
from reviewers below:
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
Please address comments and resubmit a clean copy and tracked changes copy for re-review with VTF.
 
Thank you,
Hannah
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________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 3:27 PM
To: Bunting, Hannah (CDC/DDID/NCIRD/OD) (CTR) <rou3@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
Hi Hannah, 
 
The below document is not cleared by VTF. Please address comments in the below link and return clean and
tracked changes copies for re-review. Additionally, please note the following: 
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 Reinfection and vaccination status_07.20.21_clean.docx
 
 
Thanks, 
DeAngelo
 
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
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Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>
Sent: Wednesday, July 21, 2021 2:45 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Cc: Hadler, Stephen (CDC/DDID/NCIRD/DBD) (CTR) <sch1@cdc.gov>
Subject: RE: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated
with reduced risk of reinfection – May through June, 2021 - Kentucky
 
This is not cleared by VTF ADS. Please see comment below and submit a revised version.
 
While the authors addressed the comments well, their analyses of full and partially vaccinated are misleading
and probably should be redone.
For the primary analysis, we suggest comparing fully vaccinated to unvaccinated (rather than to everyone who
is not fully vaccinated, including partially vaccinated).
For the secondary analysis, we suggest comparing those who received only 1 dose to unvaccinated (rather
than those who received at least 1 dose).
 
We are happy to discuss further with authors if they have any questions or concerns.
 
 
 
 

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov> 
Sent: Wednesday, July 21, 2021 9:26 AM
To: Hariri, Susan (CDC/DDID/NCIRD/DBD) <bse4@cdc.gov>; McNamara, Lucy Alexandra
(CDC/DDID/NCIRD/DBD) <xdf4@cdc.gov>; Siegel, Paul Z. (CDC/DDPHSS/CSELS/OD) <pzs1@cdc.gov>
Subject: 4289 Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi all,
 

The author has addressed your comments and returned this document for re-review. The tracked changes
version is attached for reference.  However, please make any additional comments in the clean version linked
below.
 

Reinfection and vaccination status_07.20.21_clean.docx

 
Thanks,
Kimberly
 
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
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VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8:30am-5:30pm EST Monday-Friday 
                                     2-5pm EST Saturday & 12-3pm EST Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Wednesday, July 21, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Re Review Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection – May through June, 2021 - Kentucky
 
Good Morning VTF,
 
The author has made changes and we are requesting a re review. Please find clean and tracked copies
attached.
 
Deadline for review is 7/22 by 8 AM
 
Best Regards,
Katie
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Tuesday, July 20, 2021 9:05 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Please find attached the clean and track changes of MMWR on reinfections and vaccination.   Please let me
know if anything further is needed at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
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Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Saturday, July 17, 2021 1:22 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Not Cleared Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
VTF did not clear your MMWR. Please address the comments in the attached file and return clean and
tracked copies for re-review.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Sent: Saturday, July 17, 2021 1:08 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
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after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Epi,
 
The below document is not cleared by VTF. Please return clean and tracked changes copies for re-review.  
 
 

Reinfection and vaccination status_07.14.21_clean.docx
Clearance Request Form_July 14_reinfection.docx

 
Thanks,
Dany
Clearance Coordinator | Vaccine Task Force
COVID-19 Response
eocevent454@cdc.gov 
 
VTF Clearance Coordinators:
Kimberly Sende: uwa0@cdc.gov
Dany Hall: qij7@cdc.gov
DeAngelo Bryant: lwk9@cdc.gov
Hours of Operation: 8am-8pm EST Monday-Friday 
                                     12pm-5pm EST Saturday & Sunday 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Saturday, July 17, 2021 12:41 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A.
(CDC/DDID/NCIRD/ID) <lkg6@cdc.gov>
Subject: Fw: 3rd Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Please advise the status of the requested cross-clearance review of the MMWR titled "COVID-19
vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through
June, 2021 - Kentucky." The review was due Friday, 7/16, at 10 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
We request the courtesy of a response with a status update.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
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Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 2:29 PM
To: CDC IMS 2019 NCOV Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF,
 
Epi TF still requests your comments on this Tier 1 MMWR. As a reminder, here is the link:
 

Reinfection and vaccination status_07.14.21_clean.docx
 
Comments were due at 10 a.m., so please return your comments as soon as possible so that we can
proceed with the clearance process.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 16, 2021 11:28 AM
To: CDC IMS 2019 NCOV Response HSWS TF Clearance <eocevent229@cdc.gov>; CDC IMS 2019 NCOV
Response VTF Clearance <eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: Reminder: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination
after SARS-CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear HSWS and VTF,
 
This is a gentle reminder that your cross-clearance of this MMWR was due today at 10 a.m.
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 Reinfection and vaccination status_07.14.21_clean.docx

 
This is a Tier 1 MMWR. Please return your review as quickly as possible.
 
Thank you,
Leza
 
 
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
 
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Thursday, July 15, 2021 10:04 AM
To: CDC IMS 2019 NCOV Response HSWS TF Clearance <eocevent229@cdc.gov>; CDC IMS 2019 NCOV
Response CICP ADS/Clearance <eocdgmqsitrep@cdc.gov>; CDC IMS 2019 NCOV Response VTF Clearance
<eocevent454@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Urgent - Cross-Clearance due 7/16 at 10AM: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear VTF, HSWS, and CICP TFs,
 
Epi TF requests cross-clearance of the Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky."
 
Please use the SharePoint link below during your review. Please indicate whether you clear the manuscript
with major/minor comments, with no comments, or do not clear.
 
The deadline for your review is 7/16 at 10:00 a.m.
 

Reinfection and vaccination status_07.14.21_clean.docx
 
CICP clearance coordinators: please forward this MMWR for review to your new POC ASAP, as we are aware
your ADS/TF are no longer accepting submissions. Thank you.
 
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
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COVID-19 RESPONSE
eocevent210@cdc.gov
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, July 14, 2021 6:13 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,

Please see attached track and clean changes where all comments were addressed. 
 
I am also attaching the clearance form.  I deleted the section about cross task force review.  I apologize for the
confusion.  That was filled in with the template that was sent me and I didn’t see it.  Therefore I hadn’t deleted
that section before submitting the form for this MMWR.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, July 13, 2021 12:24 PM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Epi CLEARS (Next up: Cross-Clearance): Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
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Hi Alyson,
 
Epi ADS re-reviewed and cleared your MMWR with comments in the attached document. Please address
comments and resubmit both a clean copy and a tracked changes copy to proceed with cross-clearance.
 
Also, your clearance request form originally stated that this MMWR article has been cleared by STLT, HSWS,
and CICP. You and STLT have confirmed that Epi TF is the only TF to have reviewed it yet. When you resubmit,
please update your clearance request form to reflect that only Epi TF has cleared it thus far.
 
Thank you!
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov> 
Sent: Tuesday, July 13, 2021 11:42 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Clearance Team—this review is complete.
 
Reviewer:           Lisa Grohskopf (ADS), Ruth Link-Gelles (SME)
Decision:             Cleared with comments, some mandatory
Comments:         please see attached
Please send to Lab TF as informational (not for cross clearance).
 
Thank,
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Monday, July 12, 2021 7:20 AM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Grohskopf, Lisa A.
(CDC/DDID/NCIRD/ID) <lkg6@cdc.gov>
Subject: FOR LISA RE-REVIEW: Due 7/13 at 7:30am: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
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Good morning Epi ADS,
 
Lisa -- Alyson Cavanaugh is submitting her Tier 1 MMWR for re-review: “COVID-19 vaccination after SARS-CoV-
2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky”. Attached
includes a clean copy and a tracked changes copy. See your initial decision record below:
 

Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance
by the TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-
clearance by VTF. 

 
The deadline for your re-review of this expedited article is 7/13 at 7:30AM.
 
Thank you,
Hannah
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Sunday, July 11, 2021 9:56 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: RE: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good evening,
 
Thank you very much for the review.   Please see attached clean and track changes of edits based on the
suggestions.  All comments have been addressed. 
 
This paper has only been reviewed by epi TF to date.  Am I supposed to send to the other task forces for cross-
clearance?  No other task forces have yet reviewed this.
 
Thank you,
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Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department of Public Health
275 E. Main St.
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Sunday, July 11, 2021 8:00 AM
To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: Fwd: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626
 
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged
and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient,
you are notified that any review, use, disclosure, distribution or copying of this communication is strictly
prohibited. If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.

From: CDC IMS 2019 NCOV Response EPI Clearance < 
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS < >
Subject: Fw: Epi TF Review Complete: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is
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associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Alyson,
 
Epi TF has reviewed and does not clear this MMWR. Please see the following comments:
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the
TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Please address the comments in the attached document and submit clean and tracked copies for re-
review. Additionally, please provide documentation of cross-clearance by STLT, CICP, and HSWS.
 
Thank you,
Leza
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Sent: Saturday, July 10, 2021 12:22 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Hi Clearance Team! This review is complete.
 
Reviewer:           Lisa Grohskopf (ADS)
Decision:             Not Cleared, with comments (some mandatory).
Comments:         See comments in the attached.  Also, please send documentation of cross clearance by the
TFs listed on the clearance sheet as having already cleared it.  Will additionally require cross-clearance by VTF. 
 
Thanks!
Lisa
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 12:32 PM
To: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
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Subject: Fw: For Expedited Review, Due 7/10 at 12:30 p.m.: Tier 1 MMWR: COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection – May through June, 2021 - Kentucky
 
Dear Team,
 
The attached Tier 1 MMWR, "COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky," is submitted for review. The deadline
for review is Saturday, 7/10, at 12:30 p.m.
 
The clearance request form notes that CICP, STLT, and HSWS have already cleared this.
 
Leza
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 12:24 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Please see attached clearance form for MMWR 1464.
 
Let me know if I need to do anything additionally at this time.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Friday, July 9, 2021 9:18 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response EPI
Clearance <eocevent210@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Thank you, Anna!
 
Alyson,
 
I see you attached the manuscript but mention that it still needs co-author feedback, is that correct?
When you are ready to submit for JIC clearance please send the manuscript and the completed request
form I have attached. I have also attached the SOP for moving MMWRs through clearance to help with
any questions on the process going forward.
 
Best Regards,
Katie
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Sent: Friday, July 9, 2021 9:09 AM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; Cavanaugh, Alyson (CDC ky.gov)
<alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT
ADS <eocevent410@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Hi Katie,
 
Epi TF has "adopted" this manuscript for COVID-19 Clearance and Alyson has submitted to begin the clearance
process with Epi TF. Let me know if you have any questions.
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Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Sent: Friday, July 9, 2021 8:28 AM
To: Cavanaugh, Alyson (CDC ky.gov) <alyson.cavanaugh@ky.gov>; CDC IMS 2019 NCOV Response STLT ADS
<eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI TF ADS <eocevent496@cdc.gov>
Subject: Re: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Alyson,
 
Is this an FYI that this MMWR is coming for review? Are you asking for any action from the Epi TF at this
time?
 
Best,
Katie 
 
 
________________________________
Epi Task Force Clearance Coordinator
CDC IMS EPI TF Clearance
COVID-19 RESPONSE
eocevent210@cdc.gov
 
Hours of operation: 7am-8:30pm M-F
8am-5pm Weekends and Holidays
 
Coordinators:
Katie Garvin qqz9@cdc.gov
Hannah Bunting rou3@cdc.gov
Leza Young wzv6@cdc.gov

 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Sent: Friday, July 9, 2021 7:06 AM
To: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS <eocevent496@cdc.gov>
Subject: RE: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Good morning,
 
Attached is the manuscript for MMWR 1464 regarding reinfections and vaccination status.
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I am making some edits based on co-authors’ feedback for 1459, but hope to have the paper ready tomorrow.
 
I believe both will be “adopted” by the vaccine task force because they involve vaccine effectiveness.  Please
let me know any next steps for this submission.
 
V/R,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity
to which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under
applicable law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure,
distribution or copying of this communication is strictly prohibited.  If you have received this communication in error, please
contact the sender by reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov> 
Sent: Thursday, July 8, 2021 2:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>; CDC IMS 2019 NCOV Response EPI
TF ADS <eocevent496@cdc.gov>; CDC IMS 2019 NCOV Response STLT ADS <eocevent410@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Dear Alyson,
 
Following up on your VE/VB MMWR manuscripts, the COVID-19 Response Incident Manager would like to have
both 1459 and 1464 published in about a month (see email below). I have copied the Epi Clearance
Coordinators (eocevent210@cdc.gov) and Epi ADS (eocevent496@cdc.gov), who are ready to help you begin
the COVID-19 Clearance Process. When do you anticipate submitting these manuscripts?
 
Best Regards,
 
Anna
 
Anna Llewellyn, PhD
Associate Director for Science 
State, Tribal, Local, and Territorial Support Task Force
COVID-19 Emergency Response
Centers for Disease Control and Prevention
Office: 404-639-1538 | Cell: 678-887-5058
eocevent410@cdc.gov
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
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Sent: Thursday, July 8, 2021 10:07 AM
To: Anderson, Mark (CDC/DDPHSIS/CGH/DGHP) <mea6@cdc.gov>
Cc: Lubar, Debra (CDC/DDID/NCEZID/OD) <dpl9@cdc.gov>; Honein, Margaret (Peggy)
(CDC/DDID/NCEZID/DPEI) <mrh7@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>;
Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov>
Subject: Kentucky Reports Urgently Requested for Clearance and MMWR Publication
 
Mark, as mentioned yesterday, Peggy would really like to have these published by end of month-early August.
They are top response priorities. Is there anything I can do to facilitate process?
 

1464 Reinfection associated with vaccination status - Kentucky, May-June 2021 (Alyson
Cavanaugh)

Concept approved
6/30

1459 Low county-level vaccination coverage increases the risk of breakthrough infections
among fully vaccinated Kentucky residents – Kentucky, May 2021 (Alyson
Cavanaugh)

Concept approved
6/30

 
Apologies for not sending this note yesterday.
 
Best,
Charlotte
 
 
Charlotte Kent, PhD, MPH
Editor-in-Chief, Morbidity and Mortality Weekly Report (MMWR) Series
Center for Surveillance, Epidemiology, and Laboratory Services
Centers for Disease Control and Prevention
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of

reinfection – May through June, 2021 - Kentucky
Date: Friday, July 30, 2021 5:12:37 PM
Attachments: Cavanaugh_07.29_clean_SSU1.docx

TABLE 1_07.29.21_SSU1.docx
TABLE 2_07.29.21_SSU1.docx
TABLE 3_07.29.21_SSU1.docx
FIGURE_Supplementary_SSU1.docx

Good afternoon,
 
Both CHEO and scientific unit cleared the report with minor comments.  I will address (haven’t
gotten to it yet today L) and plan to submit tomorrow.
 
If there are ANY additional comments from KDPH team, please address now.  It does look like they
are trying to reach the August 6 publication date. 
 
We can always make some minor edit changes through the rest of the process.  However, anything
bigger, please comment at this point. This still has JIC clearance and MMWR submission, but it
seems this is moving quickly at this point.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR) <bae7@cdc.gov> 
Sent: Thursday, July 29, 2021 7:24 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; CDC IMS

IR#0588 - KT DPH - Production_000510

mailto:alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kevin.spicer@ky.gov
mailto:kathleen.winter@ky.gov
mailto:connor.glick@ky.gov
mailto:Alyson.cavanaugh@ky.gov

Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested for clarity.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

[bookmark: _GoBack]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 

Corresponding author: Alyson M Cavanaugh, qds1@cdc.gov.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.


[bookmark: _GoBack]TABLE 1. Demographic characteristics of case-patients and control participants — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Controls† (n = 492)



		Age (yrs)



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April 

		7 (2.9)

		11 (2.2)



		May 

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July 

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October 

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Cases were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to individuals at least 18 years at time of reinfection.

† Controls were matched by gender, age (within 3 years), and time of initial infection diagnosis (within 7 days).


[bookmark: _GoBack]TABLE 2. Vaccination status among COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (controls) — Kentucky, May–June 2021

		Vaccination Status

		No. (%)



		

		Case-patients*

		Controls*



		Fully vaccinated†

		50 (20.3)

		169 (34.4)



		Partially vaccinated§

		17 (6.9)

		39 (7.9)



		Not vaccinated

		179 (72.8)

		284 (57.7)



		Total

		246

		492





* All cases and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021. Cases and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). 

† Cases were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

§ Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  




TABLE 3. Association of COVID-19 vaccination status and reinfection with SARS-CoV-2 — Kentucky, May–June 2021

		Vaccination status

		Odds Ratio (95% CI)



		Fully vaccinated*

		2.23 (1.51–2.28)



		Not fully vaccinated

		1.0 (Ref)



		Fully vaccinated*

		2.34 (1.58–3.47)



		Partially vaccinated†

		1.50 (0.82–2.73)



		No doses received

		1.0 (Ref)





Abbreviation: Ref = referent.

All case-patients and controls had prior SARS-CoV-2 infection documented by positive nucleic acid amplification test (NAAT) or antigen test during March through December 2020. Reinfection cases were identified by positive nucleic acid amplification test (NAAT) or antigen test during May 1, 2021 through June 30, 2021 

Case-patients and controls were matched by gender, age (within 3 years), and date of initial infection diagnosis (within 7 days). Odds ratios calculated by conditional logistic regression. 

* Case-patients were considered fully vaccinated if a complete COVID-19 vaccine series was received a minimum of 14 days prior to reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days prior to reinfection date of matched case. 

† Partial vaccination is categorized as receipt of at least one dose of vaccine, but series was not complete by 14 days prior to reinfection date of case.  


FIGURE. Inclusion criteria for case-control evaluation of reinfections and vaccination history — Kentucky, May–June 2021

 

SARS-CoV-2 Cases identified by NAAT or antigen testing — March–Dec 31, 2020 

n = 283,480



EXCLUDED:

Deceased before May 1 (n = 5,717)

Missing NEDSS ID* (n = 43)

Reinfection before May 1 (n = 2,296)









Previously infected but not identified as being reinfected May-June 30, 2021                                 

n = 275,424

SARS-CoV-2 Reinfection Cases identified by NAAT or antigen testing May–June 30, 2021

n = 262









EXCLUDED:

Age <18 yrs (n = 27,516)

Missing gender (n=2,369)





EXCLUDED:

Age <18 yrs  (n = 16)







Potential Controls

n = 245,539









Reinfection Cases

n = 246



Matched Controls

n = 492









Abbreviations: NAAT, nucleic acid amplification test

[bookmark: _GoBack]*National Electronic Disease Surveillance System (NEDSS) identifier is a unique identifier used to link test results and new infections.  Those without a NEDSS ID were excluded because of inability to determine reinfection status.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout ae vaccine series was either not complete vaccine series or the final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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The OS approves this MMWR with the following comments: The manuscript
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it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
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Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:

 

Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov
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To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
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Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
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Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
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Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
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eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description

Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021

Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other
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Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated

with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Tuesday, August 3, 2021 11:24:59 PM
Attachments: COPY_EOC_Cavanaugh_08.03_clean_kw.docx

With my edits/comments, for your consideration.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, August 3, 2021 9:58 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi all,

Here are the most recent version just submitted.  If there is feedback please let me know early
tomorrow.   They needed this tonight to start working on getting the proof ready
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 9:46 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout ae vaccine series was either not complete vaccine series or the final dose was not received at least 14 days before reinfection date of case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. All eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.
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Good evening,
 
Please find attached track and clean changes of manuscript, Table 1, and Table 2.
 
There is no longer a table 3 and Tables 2 and 3 were combined.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
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have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:
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Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
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From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
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Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)
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Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 
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COVID-19 Response Joint Information Center (JIC)
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JIC Emergency Clearance Coordinators
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From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
 

eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description

Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021
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Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other

Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.

 

IR#0588 - KT DPH - Production_000532



From: Spicer, Kevin B (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated

with reduced risk of reinfection – May through June, 2021 – Kentucky
Date: Wednesday, August 4, 2021 7:43:24 AM
Attachments: COPY_EOC_Cavanaugh_08.03_clean_kw_dat_ks.docx

Hello Alyson,
 
A few additional edits/comments for your consideration.  Sorry to be late.
 
Best,
 
Kevin
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Wednesday, August 4, 2021 7:09 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
I think it looks great, and I do like the protective OR’s now.  
 
I only found an additional period, an additional space, and a missing comma worth revising.  I think the
rest was fine with Kathleen’s revisions.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Tuesday, August 3, 2021 11:25 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78878595]The need for Whether individuals  individuals previously infected with SARS-CoV-2, the virus that causes COVID-19, need to receive COVID vaccination is a frequently asked questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were non-vaccinated, those who werecompletion of a COVID-19 vaccination series fully vaccinated were was associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63).  These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously-infected with SARS-CoV-2, to reduce their risk of future infection.† 

Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test)* reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are importedentered into a REDCap database that stores contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident having laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021 in a Kentucky resident. The months of May-June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.§ Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Johnson & Johnson Janssen vaccine or a second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of  at least one dose of vaccine but thwithout e vaccine series was either not complete completion of the vaccine series or final dose was not received at least 14 days before reinfection date of the case-patient.. Using conditional logistic regression, odds ratios and confidence intervals were used to compare full vaccination and partial vaccination to no vaccination among patient-cases and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy. ¶

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female and 82.9% of case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were non-vaccinated, those who were fully vaccinated were associated with less than half the odds of reinfection (OR=0.43, 95% CI: 0.29-0.63);  partial vaccination status was not significantly associated with odds of re-infection (OR=0.64, 95% CI: 0.33-1.23). 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can’t you just say “had” instead of “were associated with”

Discussion

The findings from this study show that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced odds of reinfection during May–June 2021. This finding further supports the recommendations from the Centers for Disease Control and Prevention (CDC) that all eligible persons be offered  COVID-19 vaccination, regardless of prior SARS-CoV-2 infection status.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I prefer likelihood; even though may be less precise, may be easier to understand.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.** Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection. 

The lack of a significant association with partial versus no vaccination should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the odds ratio (0.64) is suggestive of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8). 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, although case-patients and controls were matched on age, sex, and date of initial infection, other unknown confounders might be present. Fifth, this is a retrospective study design using data from a single state during a two-month time period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Is it really necessary to state this?

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less thnearly an half the odds of reinfection compared to those with no vaccination. To reduce their risk of future infection, All all eligible persons should be offered vaccination, including those with prior SARS-CoV-2 infections to reduce their risk of future infection. 
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*https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html	Comment by Spicer, Kevin B (CHFS DPH DEHP): There are inconsistencies in the font used for the footnotes.  Wasn’t sure which was the preferred.

 † https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged 16 and older became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. 



§ See e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

¶ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination 

** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html






Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Currently, there is limited evidence available on the protection afforded by vaccination against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, vaccination status of those reinfected in May through June 2021 were compared to those not reinfected. In this case-control study, full vaccination was associated with less than half the odds (OR=0.43; 95% CI 0.2 – 0.63) of reinfection.  . 

What are the implications for public health practice?

All eligible persons should be offered vaccine, even those with previous SARS-CoV-2 infection, to reduce their risk of future infection.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I believe that this sentence flows better with this phrase at the beginning rather than the end.
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Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
With my edits/comments, for your consideration.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, August 3, 2021 9:58 PM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Thoroughman, Douglas (CHFS
DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Hi all,

Here are the most recent version just submitted.  If there is feedback please let me know early
tomorrow.   They needed this tonight to start working on getting the proof ready
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 9:46 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Good evening,
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Please find attached track and clean changes of manuscript, Table 1, and Table 2.
 
There is no longer a table 3 and Tables 2 and 3 were combined.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Tuesday, August 3, 2021 6:47 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: RE: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Thank you.  Working on it now.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov> 
Sent: Tuesday, August 3, 2021 6:38 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Cc: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Subject: Fw: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Alyson,
 
Congratulations! 
 

The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Best Regards,
Katie

 

Epi Task Force Clearance Coordinator

CDC IMS EPI TF Clearance

COVID-19 RESPONSE

eocevent210@cdc.gov

 

Hours of operation: 7am-8:30pm M-F

8am-5pm Weekends and Holidays

 

Coordinators:
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Cara Cowan rwj9@cdc.gov

Katie Garvin qqz9@cdc.gov

Hannah Bunting rou3@cdc.gov

Leza Young wzv6@cdc.gov

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Sent: Tuesday, August 3, 2021 6:36 PM
To: CDC IMS 2019 NCOV Response EPI Clearance <eocevent210@cdc.gov>
Cc: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; CDC IMS 2019 NCOV Response
MMWR and Publications <eocevent172@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; Reynolds, Mary
(CDC/DDPHSS/OS/OSQ) <nzr6@cdc.gov>
Subject: CLEARED WITH COMMENTS: (#ID 1464) MMWR-COVID-19 vaccination after SARS-CoV-2
infection is associated with reduced risk of reinfection – May through June, 2021 – Kentucky
 
Epi TF...
 
The OS approves this MMWR with the following comments: The manuscript
requires revision and changes to convey the findings in a more clear way, making
it easier for the reader. Please consider this approved contingent on authors
making the requested changes.
 
Please provide a final clean copy of this MMWR package for our records and to
finalize the eClearance process.
 
Regards,
Lia Lynch

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  
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From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 6:30 PM
To: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Panasuk, Brian J. (CDC/DDPHSIS/CPR/DEO) <fwf2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
JIC,
 
The manuscript requires revision and changes to convey the findings in a more clear way, making it
easier for the reader. Please consider this approved contingent on authors making the requested
changes.
I will also F/U via eClearance.
 
Thank you.
Shambavi
 

From: Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov> 
Sent: Tuesday, August 3, 2021 4:45 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>; Subbarao, Shambavi
(CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD)
<jsg5@cdc.gov>; Zhu, Bao-Ping (CDC/DDPHSS/OS/OSQ) <BXZ3@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Thanks for update. We must put this into production tomorrow. Would be great if it could happen
tonight.
 
Many thanks, Charlotte
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 2:27 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>; Kent, Charlotte (CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you, Shambavi. Copying Charlotte so she is aware. 
 
Brian Panasuk
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JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 2:25 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
I am awaiting statistical review from Bao-Ping, so it may be delayed till late night or early tomorrow
AM.
 
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:18 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Re: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 

Thank you!!
 
Brian
 

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)

Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)
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JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Sent: Tuesday, August 3, 2021 12:17 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>
Subject: RE: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky
 
Hi Brian,
 
Review is currently ongoing. I believe that it will be cleared with comments.
 
Best,
Shambavi
 

From: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov> 
Sent: Tuesday, August 3, 2021 12:09 PM
To: Subbarao, Shambavi (CDC/DDPHSS/OS/OSQ) <sfs2@cdc.gov>
Cc: OADS Clearance (CDC) <oadsclearance@cdc.gov>; CDC IMS JIC Emergency Clearance-3
<eocjicclear3@cdc.gov>
Subject: Status - MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced
risk of reinfection May through June, 2021 Kentucky
 

Hi Shambavi, 
 
MMWR was asking for a status update on this report currently under review by
OS. I think they need a cleared copy submitted today. Will OS be able to clear this
today or do you expect that you will need more time or will not clear?
 
Thanks!
 
Brian Panasuk

JIC Emergency Clearance: eocjicclear3@cdc.gov 

COVID-19 Response Joint Information Center (JIC)
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Response Clearance Hours (ET): Mon-Fri (9am-6pm), Sat/Sun (10am-3pm)

 

JIC Emergency Clearance Coordinators

Lisa Lynch | Jeanita Porter | Kaliyah Hunter | Joya Faruque | Eurkita Ford | Brian Panasuk  

 

From: Publishing HD (CDC) <PublishingHD@cdc.gov>
Sent: Monday, August 2, 2021 5:09 PM
To: CDC IMS JIC Emergency Clearance-3 <eocjicclear3@cdc.gov>
Subject: eClearance - eClearance - Review Requested for MMWR-COVID-19 vaccination after SARS-
CoV-2 infection is associated with reduced risk of reinfection May through June, 2021 Kentucky
 
If you are having trouble reading this email click here to view your task
 

eClearance banner

The following content has been submitted to the eClearance process for your review and approval as the JIC Clear Coord. 2
before CDC ADS review.

MMWR-COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection
May through June, 2021 Kentucky

ID: -EOC-8/2/21-93775

Type: Clearance Review as the JIC Clear
Coord. 2 before CDC ADS review

My Due Date: 8/9/2021

Date Received: 8/2/2021

Priority: Urgent Priority Reason: COVID-19
Response

Clearing Author: EOC_JIC_Clearance3

Author Comments: This is cleared by ADS, DIM, IM/PDIM. Ready for OS Review

Document Description

Filename: MMWR-COVID-19 vaccination after SARS-CoV-2 infection is
associated with reduced risk of reinfection May through June,
2021 Kentucky

Targeted Completion Date: 8/3/2021

Forecasted Completion: 8/16/2021

Intended Use: Publication: MMWR: Recommendations & Reports

Path: /EOC/_eClearance Folders and Files/2021/MMWR-COVID-19
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vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection May through June, 2021 Kentucky

Audience: Public health, medical professionals, and general public

Topics:

Description: A case control design was performed including KY residents
aged 18 and older with SARS-CoV-2 infections through
December 31, 2020. Reinfection cases were individuals who
tested positive for SARS-CoV-2 by antigen or NAAT test in May
through June 2021. Controls remained free of reinfection
through June 2021. Controls were matched in a 1:1 ratio to
cases by gender, age (within 3 years), and time of initial
infection (within 1 week) with cases. Vaccination information
from the Kentucky Immunization registry was used to determine
fully vaccinated status, defined as receipt of two doses of
mRNA vaccine or one dose of J&J. Odd ratio was calculated to
determine association of reinfection risk with vaccination status.
Previously-infected KY residents who became reinfected were
significantly more likely to be unvaccinated compared to those
who remained free of reinfection.

CDC ADS Notification Criteria: Other

Please do not reply to this email. For questions or issues, please contact the eClearance administrator for your CIO.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: COI_disclosure forms - due COB Monday - UPDATE
Date: Monday, August 2, 2021 10:23:18 AM

Good morning all,
 
Just to update – the report got stuck in JIC clearance but is now escalated for expedited review.  I
have not yet received any official feedback, but I received notification that it is still expected this
report gets published Friday.   I was told to expect feedback this afternoon and have revisions
prepared/submitted by this evening.  I will work to do that, if possible.
 
If you haven’t already e-mailed COI form, please do so by close of business today. 
 
In addition, please send me a separate email so that I can archive for records that statement:
“I, FULL NAME , agree to be included as an author on the manuscript, “Reduced Risk of Reinfection
with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021” and certify that I meet
the qualifications for authorship for this article
 
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Saturday, July 31, 2021 8:30 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>

IR#0588 - KT DPH - Production_000543

mailto:alyson.cavanaugh@ky.gov
mailto:kevin.spicer@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:connor.glick@ky.gov
mailto:kathleen.winter@ky.gov
mailto:Alyson.cavanaugh@ky.gov


Subject: COI_disclosure forms - due COB Monday
 
Good morning all,
 
Each author will need to complete a conflict of interest form for the upcoming MMWR. I am
attaching the ICMJE conflict of interest form.  If you have no conflicts of interest, please make sure
that every box is marked none.  There is also a question at the end that would need to be marked.
 
I added the manuscript title.  There is no number assigned yet so please leave it blank.
 
Please complete this and return it to me by Monday 8/2 at the latest.

Thank you all !
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 8:52:51 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_ks.docx

Hello Alyson,
 
Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

IR#0588 - KT DPH - Production_000545

mailto:kevin.spicer@ky.gov
mailto:alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:connor.glick@ky.gov
mailto:kathleen.winter@ky.gov
mailto:Alyson.cavanaugh@ky.gov

[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Spicer, Kevin B (CHFS DPH DEHP): You could eliminate the sentence entirely.
“Laboratory evidence suggests that antibody responses following…, but few real-world...persons.”

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not sure how she gets to this, given the lack of any mention of a denominator.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): For example, “…through whole genome sequencing which would be necessary to definitively prove the presence of a distinct virus during the second infection.”	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Spicer, Kevin B (CHFS DPH DEHP): No idea, but would hope so.

[bookmark: _GoBack]These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerningthe protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was confirmedwere identified by positive NAAT or antigen test results during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Thoroughman, Douglas (CHFS DPH)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 10:21:27 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC_dat.docx

I think I only had one or two comments to consider.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 10:00 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
One more change to be aware of.  I changed the reference order.   One of the lab studies focuses
more on reduced neutralization for convalescent plasma on newer variants, but not specifically on
vaccination.  The order is more appropriate to the lines in the manuscript now.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (16). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was distinct from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in mostassumed in these cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Thoroughman, Douglas  (CHFS DPH): Not sure if I helped here, but I thought it needed a little more to get to their point.  Disregard if you feel it confuses.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:51 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Thank you, Alyson.  I think you have done an admirable job.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:42 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
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275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Hello Alyson,
 
Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
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Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor

(CHFS DPH DEHP)
Subject: RE: Comments on report no. 1464
Date: Wednesday, July 28, 2021 5:39:38 PM

Thank you, Alyson.  I made a couple of edits and comments in the sharepoint document.
 
I have no edits/comments on the tables.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, July 27, 2021 6:24 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick, Connor
(CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Comments on report no. 1464
 
Hi all,
 
Here are comments from MMWR from pre-review.   In general, I agree with most edits. 

·         I agree with suggestion to use Figure 1 in supplemental and include the three tables in the MMWR.
·         The one section I am unsure of is Page 5.   This paragraph on single dose was added per comments from

vaccine task force.  Any suggestions for shortening would be appreciated, but I think some talk on the topic
is needed.

·         For the actual manuscript, if you have suggestions/edits/comments, please use the link: https://kymsoffice-
my.sharepoint.com/:w:/g/personal/alyson_cavanaugh_ky_gov/EZYxVWqbJ1pFnaIdyX75zHYBBd3cJK1e16C3m-
hZ0jUkPQ
 

I plan to resubmit early morning (6am ish) on 7/29/21. The next submission step is higher levels of CDC clearance
(CHEO/JIC).  This is nearing the end of the process for clearance.
 
 
FYI – they edited the tables without track changes, so I will need to make some adjustments. Table 3 is confusing as
laid out. I need to check these in more detail since track changes weren’t used. If you have changes on tables, let me
know.  There is not a sharedrive link for tables.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to
which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable
law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or
copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.
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From: Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov> 
Sent: Tuesday, July 27, 2021 4:19 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Subject: Comments on report no. 1464
 
Dear Dr. Cavanaugh,
I appreciated the opportunity to review your draft manuscript (Reduced risk of reinfection with SARS-CoV-2
after COVID-19 vaccination — Kentucky, May–June 2021) on behalf of MMWR before it undergoes further
COVID-19 Response pre-clearance and JIC clearance.

I’ve made a number of edits to your manuscript in track changes in the attached files to enhance clarity and
to further align with MMWR author guidelines, and have also included some comments and questions. You
do not need to accept any edits that may have inadvertently introduced inaccuracies or deviated from the
original intent of the narrative. However, please accept all other edits and make a concerted effort to
address the comments and questions before sending a clean version to the next stage of pre-clearance. This
will ultimately help facilitate more timely processing of the manuscript once it is eventually submitted
to MMWR for official consideration of publication.  

Please pay attention to the following:

1. MMWR reports are allowed to have a maximum of 3 tables and/or figures in any combination; you
have submitted 3 tables and 1 figure; I suggest that you make the figure a supplementary figure; it will
be archived in CDC Stacks, and there will be a clickable link within the report to access it.

2. I formatted your tables for MMWR; in the future, please be aware that table cells cannot have any
hard returns nor can there be any empty cells.

In accordance with the current COVID-19 Response clearance protocol, your next step is to
simultaneously send clean copies of your manuscript files to both the Strategic Science Unit
(SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-
clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is copied on your
submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then
be submitted to the Response JIC for clearance. Once cleared by JIC, you will then be directed to submit
the manuscript to MMWR via ScholarOne (https://mc.manuscriptcentral.com/mmwr); at that time, please
remember to include an ICMJE conflict of interest form for each co-author with your submission. If there is
a group author on the byline, then the persons listed in the group will be indexed in PubMed as
contributors rather than authors, and no ICMJE form is necessary for those persons.

As your manuscript continues through clearance, please remember that MMWR allows up to 1,650 words
for COVID-19 reports and up to 10 references. You and your coauthors will likely receive requests for
additional narrative to be added from the next several reviewers; but please ensure that the final submission
to MMWR is less than 1,650 words with no more than 10 references or it will require another round of
editorial review, which could delay processing of the report. 

Please let me know if you have any questions.
With kind regards,
 
Jacqueline Gindler, MD
Editor, MMWR Weekly
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Glick, Connor (CHFS

DPH DEHP)
Subject: RE: Comments on report no. 1464
Date: Wednesday, July 28, 2021 6:58:53 PM

Thank you!
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to
which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable
law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or
copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Wednesday, July 28, 2021 5:40 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick, Connor
(CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Comments on report no. 1464
 
Thank you, Alyson.  I made a couple of edits and comments in the sharepoint document.
 
I have no edits/comments on the tables.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Tuesday, July 27, 2021 6:24 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Glick, Connor
(CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Comments on report no. 1464
 
Hi all,
 
Here are comments from MMWR from pre-review.   In general, I agree with most edits. 

·       I agree with suggestion to use Figure 1 in supplemental and include the three tables in the MMWR.
·       The one section I am unsure of is Page 5.   This paragraph on single dose was added per comments from

vaccine task force.  Any suggestions for shortening would be appreciated, but I think some talk on the topic
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is needed.
·       For the actual manuscript, if you have suggestions/edits/comments, please use the link: https://kymsoffice-

my.sharepoint.com/:w:/g/personal/alyson_cavanaugh_ky_gov/EZYxVWqbJ1pFnaIdyX75zHYBBd3cJK1e16C3m-
hZ0jUkPQ
 

I plan to resubmit early morning (6am ish) on 7/29/21. The next submission step is higher levels of CDC clearance
(CHEO/JIC).  This is nearing the end of the process for clearance.
 
 
FYI – they edited the tables without track changes, so I will need to make some adjustments. Table 3 is confusing as
laid out. I need to check these in more detail since track changes weren’t used. If you have changes on tables, let me
know.  There is not a sharedrive link for tables.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to
which it is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable
law.  If the reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or
copying of this communication is strictly prohibited.  If you have received this communication in error, please contact the sender by
reply e-mail and destroy all copies of the original message.
 
    
 

 
 

From: Gindler, Jacqueline (CDC/DDPHSS/CSELS/OD) <jsg5@cdc.gov> 
Sent: Tuesday, July 27, 2021 4:19 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: CDC IMS 2019 NCOV Response MMWR and Publications <eocevent172@cdc.gov>; Kent, Charlotte
(CDC/DDPHSS/CSELS/OD) <cgk3@cdc.gov>; King, Brian a. (CDC/DDNID/NCCDPHP/OSH) <iyn3@cdc.gov>
Subject: Comments on report no. 1464
 
Dear Dr. Cavanaugh,
I appreciated the opportunity to review your draft manuscript (Reduced risk of reinfection with SARS-CoV-2
after COVID-19 vaccination — Kentucky, May–June 2021) on behalf of MMWR before it undergoes further
COVID-19 Response pre-clearance and JIC clearance.

I’ve made a number of edits to your manuscript in track changes in the attached files to enhance clarity and
to further align with MMWR author guidelines, and have also included some comments and questions. You
do not need to accept any edits that may have inadvertently introduced inaccuracies or deviated from the
original intent of the narrative. However, please accept all other edits and make a concerted effort to
address the comments and questions before sending a clean version to the next stage of pre-clearance. This
will ultimately help facilitate more timely processing of the manuscript once it is eventually submitted
to MMWR for official consideration of publication.  

Please pay attention to the following:
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1. MMWR reports are allowed to have a maximum of 3 tables and/or figures in any combination; you
have submitted 3 tables and 1 figure; I suggest that you make the figure a supplementary figure; it will
be archived in CDC Stacks, and there will be a clickable link within the report to access it.

2. I formatted your tables for MMWR; in the future, please be aware that table cells cannot have any
hard returns nor can there be any empty cells.

In accordance with the current COVID-19 Response clearance protocol, your next step is to
simultaneously send clean copies of your manuscript files to both the Strategic Science Unit
(SSU, eocevent538@cdc.gov) and the Chief Health Equity Officer (CHEO, eocevent559@cdc.gov) for pre-
clearance. Please ensure that the MMWR functional box (eocevent172@cdc.gov) is copied on your
submission e-mail to SSU and CHEO. Once both SSU and CHEO have cleared your manuscript, it can then
be submitted to the Response JIC for clearance. Once cleared by JIC, you will then be directed to submit
the manuscript to MMWR via ScholarOne (https://mc.manuscriptcentral.com/mmwr); at that time, please
remember to include an ICMJE conflict of interest form for each co-author with your submission. If there is
a group author on the byline, then the persons listed in the group will be indexed in PubMed as
contributors rather than authors, and no ICMJE form is necessary for those persons.

As your manuscript continues through clearance, please remember that MMWR allows up to 1,650 words
for COVID-19 reports and up to 10 references. You and your coauthors will likely receive requests for
additional narrative to be added from the next several reviewers; but please ensure that the final submission
to MMWR is less than 1,650 words with no more than 10 references or it will require another round of
editorial review, which could delay processing of the report. 

Please let me know if you have any questions.
With kind regards,
 
Jacqueline Gindler, MD
Editor, MMWR Weekly
404-639-8829
jgindler@cdc.gov
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review
Date: Thursday, August 5, 2021 2:36:44 PM
Attachments: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final Author Review_kw.docx

Lots of edits to the talking points – for your discretion.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 1:54 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
 
Hi all,
 
Here is the revised Comms package, not yet fully approved.  If you think there needs to be additional
edits, let me know before 4 pm.
 
Interestingly, a comment by the media team made me recognize an edit needed for final proof.  
December 31 to May 1 is (>4 months) not (>=5 months) as stated in discussion. 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Thursday, August 5, 2021 1:28 PM
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Tick Tock (For Early Release)

On Publication Date

· 11 am ET: Email goes out to SHOs (via CSTLTS) and media listserv (via News Media Branch) with embargoed MMWR and graphic(s), if applicable

· (Pre-embargoed interviews, if possible)

· 1 pm ET: Embargo lifts 

· After 1 pm ET: Promotion on CDC social media accounts





Communication Information

What is the most important information reporters need to take from this article? (1-2 sentence main message)



[bookmark: _Hlk79066502]Among people with prior SARS-CoV-2 infection, those who were not vaccinated after their COVID-19 illness had a higher risk of being reinfected compared to those who received vaccination for COVID-19.Vaccination provides additional protection compared with that from natural infection for those who have already had COVID-19. People All eligible individuals, including those withwith previous prior  COVID-19 infections, should still get vaccinated to reduce their risk of infection or reinfection. 





Insert paragraph summarizing what investigators did, what they found, and what it means (~125 words or less)



Investigators evaluated COVID-19 infection and vaccination data reported to the Kentucky  National Electronic Disease Surveillance System and Kentucky immunization registryDepartment for Public Health. Among Kentucky residents with prior SARS-CoV-2 infection, those who were not vaccinated after their COVID-19 illness were more than twice as likely to be reinfected compared to those who were fully vaccinated against COVID-19. They found that compared with Kentucky residents who completed vaccination, not being vaccinated was associated with more than double the odds of reinfection.



Although not common, COVID-19 reinfections do occur. Based on current knowledge, the duration of post-infection immunity is at least 90 days for most people. This report looks at the association between vaccination and reinfection during May or June 2021 among people previously infected in 2020. 	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Because this timeframe is mentioned, I think important to mention that the study was of a longer timeframe

This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. 

Note that May is at least 4 months since 2020 (which is longer than the at least 90 days we think people have immunity)

To reduce their likelihood of future infection, all eligible people should be offered COVID-19 vaccine—even those who previously had COVID-19. 



Communications POC

Who in your office will serve as the public affairs contact for media questions? (this should be a public affairs or health communications contact) 



Full Name: Susan Dunlap

Title: CHFS Executive Director of Public Affairs

Cell Phone: 502-226-0345

Email Address: susan.dunlap@ky.go



Spokesperson

Who will speak to media on this article?



Full Name: Alyson Cavanaugh

Title: EIS Officer

Office Phone: 502-564-3261, ext. 4231

Email Address: qds1@cdc.gov





Recommended Social Media Postings

In addition to sending social media to OADC for the main CDC handles, the MMWR communication team uses its Facebook and Twitter profiles to promote CDC MMWR articles. Please craft messages for specified audiences below. We can tailor to the platform as needed.
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1 Recommended Social Media Posting for General Audience (for use on CDC Facebook, CDC Instagram, @CDCgov Twitter Handles)



General Facebook

A new MMWR finds that people who did not receive COVID-19 vaccine after their SARS-CoV-2 infection hadpreviously had COVID-19 and were unvaccinated had more than twice the odds likelihood of getting COVID-19 again compared to those who were fully vaccinated. People who have had COVID-19 should get vaccinated to prevent getting COVID-19 again. Read more: [Link to report]


General Twitter 

A new @CDCMMWR finds that people who did not receive a COVID-19 vaccine after having a gives more protection for those who have already had #COVID19 infection were more likely to be infected agains. People who previously had COVID-19 should still get a COVID-19 vaccine to reduce their risk of getting COVID-19 again. Read more: [LINK to report]	Comment by Dott, Mary (CDC/DDPHSS/CSELS/OD): Can we use more plain language in the facebook and twitter post? Terms that would be good to replace , if possible, are reinfection, previously infected, maybe vaccinated? What is the reding leading for a general audience—maybe 7-10 grade? I am not sure what we are aiming for but likely best to avoid 3 and 4 syllable words and medical terms.

Vaccination could be replaced with “A COVID vaccine”, “provides” with “gives” 





1 Recommended Social Media Posting for Clinician/Public Health Audience

(for use on LinkedIn, MMWR Facebook, CDC Director’s Twitter Handles)



MMWR Facebook/LinkedIn

A new MMWR report found that among Kentucky residents previously infected who have had awith COVID-19 infection, lack of vaccination is associated with reinfection and, conversely, full vaccination is associated with remaining free of reinfection. Encourage people with previous #COVID-19 infection to be #vaccinated to reduce the risk of reinfection. [LINK to report]
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To: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Subject: COVID-19 MMWR Comms Package_Reinfection and Vaccination Status_DRAFT for Final
Author Review
 
 

IR#0588 - KT DPH - Production_000558

mailto:qds1@cdc.gov


From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 9:55:05 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_ks3.docx

Hi Alyson,
 
Sorry, but another comment to the comment.  I believe there will be issues with first talking about a
finding (with no details) in the Discussion.  I would hate to leave it out entirely, because I believe it
does add support to the main finding and has additional support in the literature.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:14 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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§ May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
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Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 9:13:50 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_ks2.docx

Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:03 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957][bookmark: _GoBack]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

§ May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
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Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
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**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT

Service Desk ServiceCorrespondence@ky.gov for any assistance.
 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 9:02:54 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC_ks.docx

Hi Alyson,
 
Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 7:48 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can we substitute “compared to” for “than”?

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Shouldn’t the verbs in this sentence align?  So “was” and “was” or “is” and “is” instead of  “was” and then “is”

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

§ May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

[bookmark: _GoBack]TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 3:37 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
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Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 3:10 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Final Proof of Your Early Release 
Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Final Proof of Your Early Release
Date: Thursday, August 5, 2021 7:48:07 PM
Attachments: mm7032e1 - Reinfection - vaccination status FINAL PROOF_AC.docx

I added only two edits thus far.  I should have mentioned before but please check names and
affiliations!
 
Let me know any additional edits you may have.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 4:15 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
 
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin B. Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using Cconditional logistic regression,  ORs and CIs werewas used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Hesitant to change this because it was worded this way by review during clearance process. 

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Glick, Connor (CHFS DPH DEHP): ≤? Not entirely sure, though	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): >= is correct	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion. “increased”, maybe?

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding odds of reinfection among the partially vaccinated were lower than the unvaccinated group , which is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think this is in the results.  I can explicitly write here “The odds of reinfection among the partially vaccinated were lower than the unvaccinated group (OR=1.56 vs. OR=2.34)” but the last reviewer found placing two OR for comparisons was confusing to readers.  

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



 
Sorry, but another comment to the comment.  I believe there will be issues with first talking about a
finding (with no details) in the Discussion.  I would hate to leave it out entirely, because I believe it
does add support to the main finding and has additional support in the literature.
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Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:14 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Final Proof of Your Early Release
 
Thanks – adding my current plan for revision based on these comments.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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Just a few minor comments/edits and one major comment for your consideration.
 
Thanks!
 
Kevin
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Looks great, Alyson.  I don’t have any comments to add.  Very short and concise now.
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Final proof.   I will need to give edits prior to 7 am tomorrow.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
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To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
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Importance: High
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH

DEHP)
Subject: Re: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:29:31 PM

Its actually just a written statement that is in the other email I just sent.  I just checked with Melissa and there
will be no live messaging. 

Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail: Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax: 502-564-9626

NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged
and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient, you
are notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.
If you have received this communication in error, please contact the sender by reply e-mail and destroy all copies
of the original message.

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Sent: Friday, August 6, 2021 12:23 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);
Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
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Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 
 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 
 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
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Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 

From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
 

 
 

Best,
Shelton
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Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS

DPH DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:23:05 PM

Hi Alyson,
 
Do you know how to access/listen to Dr. Walensky?
 
Thanks.
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, August 6, 2021 12:09 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
 
Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
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275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Winter, Kathleen T (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH);

Glick, Connor (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 6:18:19 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC_KW.docx

Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Winter, Kathleen T (CHFS DPH DEHP): I don’t feel that this needs to change, but we could make this more precise.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Winter, Kathleen T (CHFS DPH DEHP): This sentence is awkward and feels unnecessary.  All cases are considered “previously infected”, correct?
Consider this: “The REDCap database was used to identify eligible case-patients and controls, excluding COVID-19 cases resulting in death before May 1, 2021”	Comment by Winter, Kathleen T (CHFS DPH DEHP): Do you want to use NAAT and define in the first sentence of this paragraph?

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with to Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- two month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice  as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/faq.html

†   https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

§ https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 

¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, all Kentucky residents aged 16 and older became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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Doug
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exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Thoroughman, Douglas  (CHFS DPH): This seems kind of strange (my first time looking up the reference), because it seems like we are saying that it is frequently questioned because it is listed on a CDC list of frequently-asked questions.  I know that isn’t the case, but more a way to show people where to find these, but it does come across like we are using ourselves as a reference for our own statement.  If this is something that CDC added, then we go with it, but if not, I would think about removing.	Comment by Winter, Kathleen T (CHFS DPH DEHP): I don’t feel that this needs to change, but we could make this more precise.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Thoroughman, Douglas  (CHFS DPH): I would use past tense since the remainder of the paragraph does, for consistency.	Comment by Winter, Kathleen T (CHFS DPH DEHP): This sentence is awkward and feels unnecessary.  All cases are considered “previously infected”, correct?
Consider this: “The REDCap database was used to identify eligible case-patients and controls, excluding COVID-19 cases resulting in death before May 1, 2021”	Comment by Winter, Kathleen T (CHFS DPH DEHP): Do you want to use NAAT and define in the first sentence of this paragraph?	Comment by Thoroughman, Douglas  (CHFS DPH): I agree if that follows MMWR constraints.

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and name, last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**	Comment by Thoroughman, Douglas  (CHFS DPH): I think you can get away without adding “a” here because the “a” before “single dose” would apply to “second dose.”  But no biggie either way.

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).	Comment by Thoroughman, Douglas  (CHFS DPH): I think changing the order here makes it more clear and lines the first part of the sentence up with the second.  But please don’t change if anyone feels this confuses things.

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protective association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.	Comment by Thoroughman, Douglas  (CHFS DPH): I feel like the original wording would be clearer and more succinct if “odds” was just changed to “likelihood.” “. . . full vaccination was associated with reduced likelihood of reinfection and conversely. . .	Comment by Thoroughman, Douglas  (CHFS DPH): Against?  

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.	Comment by Thoroughman, Douglas  (CHFS DPH): I think the way you worded it is good.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- monthtwo-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.	Comment by Thoroughman, Douglas  (CHFS DPH): I think that’s fine. . .

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice  as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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From: Spicer, Kevin B (CHFS DPH DEHP)
To: Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS

DPH); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 6:35:10 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC_ks.docx

Hi Alyson,
 
Nice work as always.  Sorry, but I was ¾ way through when I saw Kathleen’s email come through. 
Just a few edits/comments for consideration.
 
Best,
 
Kevin
 
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov> 
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021	Comment by Spicer, Kevin B (CHFS DPH DEHP): Since things are getting flipped around, with full vaccination being the reference, does the title need to be flipped as well?
Increased Risk of Reinfection with SARS-CoV-2 for those Not Vaccinated – Kentucky, May-June 2021
?

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected compared to those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†	Comment by Spicer, Kevin B (CHFS DPH DEHP): I would either delete this phrase or place it at the beginning of the sentence.  Probably an isolated opinion.

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”	Comment by Spicer, Kevin B (CHFS DPH DEHP): I think the tense is okay here, and would leave it “are”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).	Comment by Spicer, Kevin B (CHFS DPH DEHP): To me it still seems like an argument for benefit of an action (vaccination) is stronger than the argument of a detriment resulting from inaction (not getting vaccinated).  Therefore, comparing vaccination against a referent of no vaccination is more appealing.  Again, maybe it’s only me.

[bookmark: _GoBack]Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of was associated with decreased likelihood of reinfection and conversely, being unvaccinated was associated with higher likelihood of reinfection.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Although not statistically significant, the OR (1.56) is consistent with findings from previous studies indicating higher antibody titers after the first mRNA vaccine dose in persons who were previously infected…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Thanks for the explanation.  Still, it seems silly to have to mention this in an MMWR report.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



From: Spicer, Kevin B (CHFS DPH DEHP)
To: Cavanaugh, Alyson (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH

DEHP); Glick, Connor (CHFS DPH DEHP)
Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with reduced risk of reinfection

– May through June, 2021 - Kentucky
Date: Friday, July 30, 2021 5:55:35 PM
Attachments: Cavanaugh_07.29_clean_SSU1_ks.docx

Hi Alyson,
 
I took a (quick) look and think you have done a very nice job.  I did make a couple of edits/comments
for your consideration.  No issues with the tables or figure.
 
Best,
 
Kevin
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Friday, July 30, 2021 5:13 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: FW: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
reduced risk of reinfection – May through June, 2021 - Kentucky
 
Good afternoon,
 
Both CHEO and scientific unit cleared the report with minor comments.  I will address (haven’t
gotten to it yet today L) and plan to submit tomorrow.
 
If there are ANY additional comments from KDPH team, please address now.  It does look like they
are trying to reach the August 6 publication date. 
 
We can always make some minor edit changes through the rest of the process.  However, anything
bigger, please comment at this point. This still has JIC clearance and MMWR submission, but it
seems this is moving quickly at this point.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents became eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am unclear as to what specifics of methods is being requested.  There are a variety of specific specimens (e.g., anterior nares swab, mid-turbinate nasal swab, nasopharyngeal swab, oropharyngeal swab) and platforms that were utilized and over which we had no control.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Spicer, Kevin B (CHFS DPH DEHP): This should be a dagger (†) I believe.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using classification of fully vaccinated, partially vaccinated, and unvaccinated, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection compared with those reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Seemed okay when I opened it up.  Maybe she is looking for arrows from and to exact center of box edge or something else?

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?	Comment by Spicer, Kevin B (CHFS DPH DEHP): Yes, “of”

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can this be changed to “as”?
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.
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Reduced risk of reinfection with SARS-CoV-2 after COVID-19 vaccination — Kentucky, May–June 2021 

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

A slowing of the COVID-19 vaccination rate* highlights the importance of understanding and investigating the reasons that Americans are choosing to remain unvaccinated. Some persons previously infected with SARS-CoV-2 reportedly believe that a COVID-19 vaccine provides no added benefit to postinfection immunity (1). Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (2,3), limited real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of cases of reinfection with SARS-CoV-2, the virus that causes COVID-19, in Kentucky during May and June 2021 using a matched comparison group of previously infected Kentucky residents who remained free from reinfection through June 2021. Among previously infected Kentucky residents, those who remained free from reinfection had 2.34 times the odds of being fully vaccinated compared with those who were reinfected, suggesting that vaccination provides additional protection against reinfection. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please clarify that cases and controls included vaccinated and unvaccinated individuals.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide the confidence interval.

A case-control evaluation design was used to assess whether COVID-19 vaccination received after SARS-CoV-2 infection is associated with a lower risk of reinfection. Kentucky residents aged ≥18 years with laboratory evidence of SARS-CoV-2 infection (positive nucleic acid amplification test or antigen test) reported to the Kentucky National Electronic Disease Surveillance System (NEDSS) from March through December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are entered into a REDCap database that stores laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (4). The REDCap database with NEDSS laboratory data was used to identify previously infected persons eligible for inclusion, excluding COVID-19 cases resulting in death before May 1. A case-patient was defined as laboratory evidence of SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021 through June 30, 2021 in a Kentucky resident. The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents 16 years of age and older becamewere eligible for vaccination.§ Thus, vaccination status in May or June, 2021 might more accurately reflect choice rather than eligibility to be vaccinated. Control participants were Kentucky residents with laboratory evidence of SARS-CoV-2 infection in 2020 and who remained free from reinfection through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio on the variables of gender, age (within 3 years), and date of initial positive SARS-CoV-2 test (within one week). Date of initial positive test refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (5).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please provide details in a footnote regarding the methods of these tests.	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am unclear as to what specifics of methods is being requested.  There are a variety of specific specimens (e.g., anterior nares swab, mid-turbinate nasal swab, nasopharyngeal swab, oropharyngeal swab) and platforms that were utilized and over which we had no control.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please indicate age limitation on who could receive the vaccine.	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this footnote as it appears to reference a statement other than this one.	Comment by Spicer, Kevin B (CHFS DPH DEHP): This should be a dagger (†) I believe.

Vaccination status was determined using data from the Kentucky Immunization registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name, and date of birth. A person was considered to be fully vaccinated if a single dose of Johnson & Johnson or second dose of an mRNA vaccine (Pfizer BioNTech or Moderna) was received ≥14 days before the case-patient’s reinfection date. Controls were considered fully vaccinated if vaccination was complete 14 days before the reinfection date of their matched case-patient. Primary analyses used a binary categorization of vaccination status (fully vaccinated versus not fully vaccinated). However, because of evidence that a strong antibody response might be achieved after just a single dose of mRNA vaccine among previously infected persons (6), to address potential misclassification of those persons who received a single vaccine dose into the reference group, a secondary analysis categorized  status as fully vaccinated, partially vaccinated (at least one dose of vaccine but did not complete the vaccine series ≥14 days before reinfection date of case-patient), and unvaccinated. 

An odds ratio and confidence interval were calculated comparing fully vaccinated versus not fully vaccinated status in case-patients and controls. An additional analysis compared full vaccination and partial vaccination to no vaccination. Both models used conditional logistic regression to account for matching. SAS version 9.4 (SAS Institute, Inc) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.§

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, gender, and date of initial infection with 492 controls (Supplementary Figure). Among the population included in the analysis, 60.6% were female (Table 1) and 82.9% of case-patients were initially infected during October–December 2020. Among case-patients, 20.3% were fully vaccinated before reinfection compared with 34.4% of controls (Table 2). Previously infected persons who remained free from reinfection were 2.23 times as likely (95% CI = 1.51–3.28) to be fully vaccinated versus not fully vaccinated compared with those who were reinfected (Table 3). When using the classifications of fully vaccinated, partially vaccinated, and unvaccinated, among those who remained free of reinfection, odds of being fully vaccinated were 2.34 times as high (95% CI = 1.56 –3.47) among those who remained free of reinfection comparedas those with those who were reinfected. Partial vaccination was not significantly associated with reinfection compared with no vaccination  (OR = 1.50; 95% CI = 0.82–2.73).	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Required: Please check this Figure as the lines and boxes do not seem to align when this reviewer looked at it.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Seemed okay when I opened it up.  Maybe she is looking for arrows from and to exact center of box edge or something else?	Comment by Winter, Kathleen T (CHFS DPH DEHP): Check this to see if I have interpreted the methods/results correctly. 

Discussion

Among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the Advisory Committee on Immunization Practices’ recommendation that all eligible persons be vaccinated against COVID-19, irrespective of prior SARS-CoV-2 infection status.

For some viruses, a single infection results in lifelong immunity after infection. However, for many viral respiratory infections, including seasonal human coronaviruses, immunity is not long-lasting, and reinfections have been well documented) (7). Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (8). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.¶ 

The emergence of new variants might affect the duration of infection-acquired immunity. In Kentucky, in May and June 2021, the Alpha variant (lineage B.1.1.7) was estimated to account for the majority of all variants in circulation.** This variant had not been identified in Kentucky in 2020, and thus, those initially infected in 2020, were not likely to have been infected with the Alpha variant. Laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,3). A recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (9). Sera from the same persons following vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. While such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, there has been limited evidence in real-world settings to date to corroborate the findings that vaccination can provide improved protection for previously infected persons. These findings suggest that among previously infected persons, full vaccination is associated with remaining free of reinfection, whereas lack of vaccination is associated with reinfection. 

The failure to find a significant association with partial versus no vaccination in this analysis should be interpreted with caution given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), and therefore the limited statistical power to detect a difference. Although not statistically significant, the point estimate of the odds ratio (1.50) is suggestive or of a protective response, and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (6,10). Furthermore, separating the partially vaccinated from unvaccinated persons in the reference group resulted in a slight strengthening of the relationship of full vaccination status with reinfection risk (full versus not full vaccination OR = 2.23; full vaccination versus no vaccination OR = 2.34).  	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested - typographic error- should be "of"?	Comment by Spicer, Kevin B (CHFS DPH DEHP): Yes, “of”

The findings in this report is are subject to at least four limitations. First, reinfection was not confirmed through whole genome sequencing. While in some cases, the repeat positive molecular test could be indicative of prolonged viral shedding or failure to clear the initial viral infection, given the timeline between initial and subsequent positive molecular tests (a minimum of 5 months), reinfection is suspected for most cases. Second, it is possible that persons who have been vaccinated are less likely to get tested. Therefore, the measure of association between vaccination and reinfection might be overestimated. Third, immunizations administered at federal or out-of-state sites are not typically entered in KYIR, and there is a possibility of missing vaccination data for some persons in these analyses. Additionally, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Since case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be differentially biased to be missing for controls. Thus, the odds ratio might underestimate the true association. Fourth, as with all case-control studies, the retrospective design could allow for the influence of unmeasured confounders. Although case-patients and controls were matched on age, gender, and date of initial infection, other unknown confounders might be present. 	Comment by Ellis, Barbara (CDC/DDPHSS/OS/OD) (CTR): Suggested.

Reinfection was associated with lack of vaccination in this case-control study of SARS-CoV-2 reinfections in Kentucky. Previously infected persons who remained free of a second infection were more than twice more as likely to have been fully vaccinated, providing evidence that vaccination provides additional protection for persons who have already had SARS-CoV-2 infections. Persons with previous SARS-CoV-2 infections should be encouraged to be vaccinated to reduce their risk of reinfection. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): Can this be changed to “as”?
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2 have been documented. Limited evidence to date exists whether vaccination provides additional benefit to protect against SARS-CoV-2 reinfection. 

What is added by this report?

Among Kentucky residents previously infected with SARS-CoV-2 in 2020, those who were reinfected in May through June 2021 were significantly less likely to have been vaccinated than were those who were not reinfected. Odds of being fully vaccinated (versus being unvaccinated) was 2.34 times higher in the group of previously infected persons who remained free from reinfection in this case-control study. 

What are the implications for public health practice?

COVID-19 vaccination should be offered to previously infected persons to reduce their risk for reinfection.
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Subject: RE: Tier 1 MMWR: COVID-19 vaccination after SARS-CoV-2 infection is associated with
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Hi Alyson,
 
The SSU pre-clearance team has reviewed your manuscript and we have some required comments
that we request be addressed (see attached; comments on the Supplementary Figure provided in
the body of the manuscript). Contingent on the authors adequately addressing these comments
from SSU and any comments you may have received from CHEO, you can proceed to submit it to the
JIC for clearance.
 
We do not need to review the revised manuscript that addresses our comments. Please let me know
if you have questions.
 
Best wishes,
 
Barbara Ellis, PhD, MS (on behalf of the SSU pre-clearance team)
Cell: 404-216-8294
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Thank you for your submission. Our reviewers have received your request and will provide
feedback within 24 hours. Please let us know if you have any questions in the interim.   

 

If there is any correspondence between the author and reviewer, please copy the Strategic
Science Unit mailbox (eocevent538@cdc.gov) for tracking purposes.   
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Good morning,
 
Please see clean copies of the manuscript, 3 tables, and 1 figure for MMWR 1464 – Vaccination
associated with reduced risk of reinfection -  May-June, 2021 Kentucky.
 
Please let me know if anything further is needed at this time.
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Sorry for flooding e-mail but this went out to media and has more info than the previous message I
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I also heard from AP reporter that there is a JAMA article being released today that again finds higher
antibody response after vaccination of previously-infected individuals.
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 Media Statement 


 


EMBARGOED FOR 1PM ET 
Friday, August 6, 2021 
  


Contact: CDC Media Relations 
(404) 639-3286 


  


New CDC Study: Vaccination Offers Higher Protection than Previous 


COVID-19 Infection 


 


In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were 


previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as 


likely to be reinfected with COVID-19 than those who were fully vaccinated after initially 


contracting the virus. These data further indicate that COVID-19 vaccines offer better protection 


than natural immunity alone and that vaccines, even after prior infection, help prevent 


reinfections.   


 


“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle 


Walensky. “This study shows you are twice as likely to get infected again if you are 


unvaccinated. Getting the vaccine is the best way to protect yourself and others around you, 


especially as the more contagious Delta variant spreads around the country.” 


 


The study of hundreds of Kentucky residents with previous infections through June 2021 found 


that those who were unvaccinated had 2.34 times the odds of reinfection compared with those 


who were fully vaccinated.  The findings suggest that among people who have had COVID-19 


previously, getting fully vaccinated provides additional protection against reinfection.  


 


Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related 


hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, 


the data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent 


COVID-19.  


 


COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and 


death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially 


vaccinated vaccines make people more likely to have a milder and shorter illness compared to 


those who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated 


against COVID-19. 
 
 
 


### 
  


U.S. Department of Health and Human Services 



http://www.hhs.gov/





  


CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at 


home or abroad, are curable or preventable, chronic or acute, or from human activity or 


deliberate attack, CDC responds to America’s most pressing health threats. CDC is 


headquartered in Atlanta and has experts located throughout the United States and the world. 
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U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Morbidity and Mortality Weekly Report


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.



https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
Descents. No other potential conflicts of interest were disclosed.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.



https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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This went out to CDC’s media list while we were talking to Mike.  Just FYI 
 

From: Media@cdc.gov (CDC) <sohco@cdc.gov> 
Sent: Friday, August 6, 2021 11:49 AM
To: Media@cdc.gov (CDC) <sohco@cdc.gov>
Subject: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher
Protection than Previous COVID-19 Infection
 

The MMWR is Embargoed until Friday, August 6, 2021 at 1PM ET

 

 
August 6, 2021
 
Please see the attached E-books for:
 
“Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
“Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June
2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
“Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021”

Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w

Thank you,

CDC News Media Branch
404-639-3286
 

The Media Statement is Embargoed until Friday, August 6, 2021 at 1PM ET
 

 Media Statement
EMBARGOED FOR 1PM ET
Friday, August 6, 2021
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Contact: CDC Media Relations
(404) 639-3286

 

New CDC Study: Vaccination Offers Higher Protection than Previous
COVID-19 Infection

In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were
previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as
likely to be reinfected with COVID-19 than those who were fully vaccinated after initially
contracting the virus. These data further indicate that COVID-19 vaccines offer better protection
than natural immunity alone and that vaccines, even after prior infection, help prevent reinfections. 
 
“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle
Walensky. “This study shows you are twice as likely to get infected again if you are unvaccinated.
Getting the vaccine is the best way to protect yourself and others around you, especially as the more
contagious Delta variant spreads around the country.”
 
The study of hundreds of Kentucky residents with previous infections through June 2021 found that
those who were unvaccinated had 2.34 times the odds of reinfection compared with those who were
fully vaccinated.  The findings suggest that among people who have had COVID-19 previously,
getting fully vaccinated provides additional protection against reinfection.
 
Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related
hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, the
data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent COVID-19.
 
COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and
death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially
vaccinated vaccines make people more likely to have a milder and shorter illness compared to those
who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated against
COVID-19.
 
 
 

###
 

U.S. Department of Health and Human Services
 

CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at home
or abroad, are curable or preventable, chronic or acute, or from human activity or deliberate

attack, CDC responds to America’s most pressing health threats. CDC is headquartered in Atlanta
and has experts located throughout the United States and the world.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 8:33:15 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy.docx

They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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¶ The months of May and June were selected for two primary reasons. First, when vaccination supplies were low, some previously infected persons were deferring vaccination for 90 days to allow never-infected persons priority for available vaccine; however, by May 2021, deferral for 90 days was no longer a reason for those infected in 2020 to remain unvaccinated by May 2021. Second, although vaccination eligibility was initially restricted based on age, comorbidities, and occupation, by April 5, 2021, all Kentucky residents aged ≥16 and olderyears became eligible for vaccination by April 5, 2021 (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf). Thus, vaccination status in May or June 2021 might more accurately reflect choice rather than eligibility to be vaccinated.

** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerningthe protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was confirmedwere identified by positive NAAT or antigen test results during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 0.43; 95% confidence interval [CI] = 0.29–0.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare full vaccination and partial vaccination with no vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents who were not vaccinated, those who were fully vaccinated had less than one half the odds of reinfection (OR = 0.43; 95% CI = 0.29–0.63); partial vaccination was not significantly associated with reinfection (OR = 0.64; 95% CI = 0.33–1.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† Further, the emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of reinfection.

The lack of a significant association with partial versus no vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully vaccinated had had less than one half the odds of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents not reinfected. In this case-control study, full vaccination was associated with less than one half the odds of reinfection.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		0.43 (0.29–0.63)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		0.64 (0.33–1.23)



		Not vaccinated

		179 (72.8)

		284 (57.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 
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H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.



https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html

https://www.cdc.gov/vaccines/covid-19/reporting/overview/IT-systems.html

https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-information.html

https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-information.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-vaccine-data.html

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-vaccine-data.html

https://www.cdc.gov/nchs/nvss/bridged_race.htm
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
 

 
 

Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Spicer, Kevin B (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: FW: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Date: Monday, August 9, 2021 2:17:28 PM

Hi all,
 
This e-mail actually made me cry some happy tears!  I wanted to share with you all.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Don Weiss <Dweiss@health.nyc.gov> 
Sent: Monday, August 9, 2021 2:01 PM
To: qds1@cdc.gov
Subject: Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky,
May–June 2021
 

 
Quick note to say this MMWR article was very well written. Succinct and to the
point. Kudos to the writing and editing team.
 
 
Don Weiss, MD, MPH
Director of Surveillance
Bureau of Communicable Disease
New York City Department of Health and Mental Hygiene
Gotham Center, CN# 22a
42-09 28th Street, 6th Floor
Queens, New York 11101-4132
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mailto:alyson.cavanaugh@ky.gov
mailto:douglas.thoroughman@ky.gov
mailto:kathleen.winter@ky.gov
mailto:kevin.spicer@ky.gov
mailto:connor.glick@ky.gov
mailto:Alyson.cavanaugh@ky.gov


Desk (347) 396-2626
Fax   (347) 396-2753
 
 
Sent from the New York City Department of Health & Mental Hygiene. This email and any
files transmitted with it may contain confidential information and are intended solely for the
use of the individual or entity to whom they are addressed. This footnote also confirms that
this email message has been swept for the presence of computer viruses.
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 9:42:07 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC.docx

 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation.suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Hello Alyson,
 
Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
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Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Glick, Connor (CHFS DPH DEHP);

Winter, Kathleen T (CHFS DPH DEHP)
Subject: RE: Comments on First Proof of Your MMWR Early Release
Date: Thursday, August 5, 2021 9:59:32 AM
Attachments: Reinfection - vaccination status FIRST PROOF working copy_AC.docx

One more change to be aware of.  I changed the reference order.   One of the lab studies focuses
more on reduced neutralization for convalescent plasma on newer variants, but not specifically on
vaccination.  The order is more appropriate to the lines in the manuscript now.
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 9:51 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Thank you, Alyson.  I think you have done an admirable job.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 9:42 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957][bookmark: _GoBack]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (16). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in mostassumed in these cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.



 
 
Here are my edits and comments.  I ended up just taking out the first sentence because I kept
rephrasing and it was awkward.
 
There was an addition L1 comment that was also added:
 
Dr. Smith’s comment: L1: In this study, reinfection is assumed in all cases.
 
Revision: “Although in some cases the repeat positive test result could be indicative of
prolonged viral shedding or failure to clear the initial viral infection (9), given the time
between initial and subsequent positive molecular tests (≥5 months), reinfection is the most
likely explanation.”
 
 
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov> 
Sent: Thursday, August 5, 2021 8:53 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Thoroughman, Douglas
(CHFS DPH) <douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP)
<connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: RE: Comments on First Proof of Your MMWR Early Release
 
Hello Alyson,
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Didn’t attempt to make any more edits, but did have a couple of comments in response to
comments.
 
KS
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Thursday, August 5, 2021 8:33 AM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter,
Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Subject: FW: Comments on First Proof of Your MMWR Early Release
 
They gave me an 11am deadline (thought it was noon).   Doug called the comments on first
statement. 
 
I do not believe there are good references about this in the literature so it may need to be framed
differently.  Any suggestions are appreciated J
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
Sent: Thursday, August 5, 2021 8:25 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: Comments on First Proof of Your MMWR Early Release
 
Dear Alyson,
 
Attached is the first proof of your report with edits you provided, comments from senior
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reviewers, and several recommended edits.
 
The two most substantive of the comments refer to the statement re vaccine hesitancy in the
first sentence.
 
Please reply with applicable edits in response to the reviewers’ comments (with the changes
tracked) by 11:00 am. We’ll then be able to develop the final proof and distribute it this
afternoon.
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
Contractor, Tanaq Government Services
gdamon@cdc.gov
Mobile: 404-606-0107
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Spicer, Kevin B (CHFS DPH DEHP); Glick, Connor (CHFS DPH DEHP); Winter, Kathleen T (CHFS DPH

DEHP)
Subject: RE: MMWR Embargoed eBook for 8/6 Early Release
Date: Friday, August 6, 2021 12:08:51 PM

Statement from Dr. Wallensky will be at 1:00pm.
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) 
Sent: Friday, August 6, 2021 12:07 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP)
<kevin.spicer@ky.gov>; Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP)
<kathleen.winter@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 
 
 
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the individual or entity to which it
is addressed and may contain confidential information that is legally privileged and exempt from disclosure under applicable law.  If the
reader of this message is not the intended recipient, you are notified that any review, use, disclosure, distribution or copying of this
communication is strictly prohibited.  If you have received this communication in error, please contact the sender by reply e-mail and
destroy all copies of the original message.
 
    
 

 
 

From: Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR) <nwx1@cdc.gov> 
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Sent: Friday, August 6, 2021 11:23 AM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>
Subject: FW: MMWR Embargoed eBook for 8/6 Early Release
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT Service Desk
ServiceCorrespondence@ky.gov for any assistance.

 

Hi Alyson,
 
Here is the eBook of your report, along with the other two that are being released today.
 
Many thanks for the opportunity to assist you.
 
All the best,
 
Glenn
 
 
From: MMWR Communications (CDC) <MMWRCommunications@cdc.gov> 
Sent: Friday, August 6, 2021 11:08 AM
To: CDC MMWR ER Ebook <MMWREREbook@cdc.gov>
Subject: MMWR Embargoed eBook for 8/6 Early Release
 

The MMWR is embargoed until 1:00 pm ET Friday, August 6, 2021
Please find the ebooks for today’s MMWR Early Release attached.
Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado,
April–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e2.htm?s_cid=mm7032e2_w
 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e1.htm?s_cid=mm7032e1_w
 
Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years — 13
states, COVID-NET, February–April 2021
Link when live: https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm?s_cid=mm7032e3_w
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Best,
Shelton
 
Shelton Bartley, MPH
Health Communication Specialist
Morbidity and Mortality Weekly Report (MMWR)
Office of the Director
Center for Surveillance, Epidemiology, and Laboratory Services
 
Centers for Disease Control and Prevention (CDC)
1600 Clifton Road, NE, MS V25-5, Atlanta, GA 30333
404.808.4485 (cell)
vks0@cdc.gov 
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Glick, Connor (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Spicer, Kevin B (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 7:12:34 AM
Attachments: Reinfection - vaccination status FIRST PROOF_8.5.21_clean.docx

Reinfection - vaccination status FIRST PROOF_8.5.21.docx

THANK YOU ALL!
 
I think I used most suggestions except:

·       I kept title the same for now – I think it is simple and we do discuss lower odds of reinfection
in vaccinated.  I can change if there are strong opinions on this.

·       I used “odds” in abstract paragraph, results, and summary box.  However, in discussion I
continue to use terms like “twice as likely.”  Reinfections are rare outcome in epi terms (If
using the standard 10% cut-off).  Therefore the OR should be a good estimate of RR.  For
public health messaging purposes, “odds” is a term that is hard for general public (outside
gamblers) to understand.

Hopefully these changes meet everyone’s input.  We will get reviewer feedback by 9 am and I need
to resubmit by noon so they can create final proof.
 
 
Thanks,
Alyson M. Cavanaugh, DPT, MPH, PhD
Lieutenant, U.S. Public Health Service Corps
CDC Epidemic Intelligence Service Officer
Assigned to Kentucky Department for Public Health
275 East Main Street
Frankfort, KY 40621
E-mail:  Alyson.cavanaugh@ky.gov
Phone: 502-564-3261 x4231
Fax:  502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 
    
 

 
 

From: Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov> 
Sent: Thursday, August 5, 2021 12:21 AM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS
DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH DEHP)
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.   This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least 90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective response when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a two-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared to those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

[bookmark: _GoBack]To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  
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[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, aAll eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases weare imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was usedwas queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification testNAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and name, last name, and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021.  full vaccination was significantly associated with reduced likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood odds of reinfection,  reinfectionand conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) Although not statistically significant, the finding is suggestive of a protective response when compared to no vaccine  and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2- monthtwo-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere more than twice as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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[bookmark: _Hlk78961133]†† https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		[bookmark: _GoBack]21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



<alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great work. Thank you, Alyson!
 
I just had one comment on the interpretation of the estimates, and I know I have brought this up
before, but I could not find any previous feedback or comments that addressed this specifically so I
figure I would bring this up again.
 
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so (from what I understand) it would only be correct to say “2.34 times the odds”.
 
If I missed something, though – please point me in the right direction!
 
Best,
CG
 
 

From: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov> 
Sent: Thursday, August 5, 2021 12:17 AM
To: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>; Cavanaugh, Alyson (CHFS DPH
DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.
 
I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  
 
Doug
 
Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
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From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

·       Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 

·       I added some group acknowledgements – I am not sure if they are worded correctly.
 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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From: Cavanaugh, Alyson (CHFS DPH DEHP)
To: Spicer, Kevin B (CHFS DPH DEHP); Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP);

Glick, Connor (CHFS DPH DEHP)
Subject: Reinfection - vaccination status FIRST PROOF_AC
Date: Wednesday, August 4, 2021 5:09:12 PM
Attachments: Reinfection - vaccination status FIRST PROOF_AC.docx

 
·       Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
·       I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 
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[bookmark: _Hlk78970957]Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May–June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection thancompared to those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.*

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1–June 30, 2021. May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to receive vaccine.§ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using Cconditional logistic regression,  ORs and CIs werewas used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4; SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.¶	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion

[bookmark: _Hlk79054467]Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared with those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

[bookmark: _Hlk79054348]Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-derived immunity is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.** The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (2,6). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the B.1.351 (Beta) variant when compared with the original Wuhan-Hu-1 strain (1). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had has not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination wias associated with reduced likelihood of reinfection, and, conversely, being unvaccinated is associated with higher likelihood of being reinfected.	Comment by Glick, Connor (CHFS DPH DEHP): ≤? Not entirely sure, though	Comment by Glick, Connor (CHFS DPH DEHP): Minor suggestion. “increased”, maybe?

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. TAlthough not statistically significant, the finding lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive of a protective effect a decreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Spicer, Kevin B (CHFS DPH DEHP): I am not so sure about this now.  Although, not statistically significant, the OR in the results is in the direction of increased likelihood of reinfection relative to full vaccination. Since there was no comparison of partial vaccination with no vaccination with this flipped version of analysis, it is unclear where this statement is coming from.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I agree this is hard to interpret with full vaccination as referant. 	Comment by Spicer, Kevin B (CHFS DPH DEHP): There might be a problem with talking about a result that is not provided prior to the Discussion section.  And what exactly the finding is might be an obvious question.  Maybe you need to add a statement at the end of the results about this comparison.  Then this paragraph would make more sense.  
Consider:
The lack of a significant association with partial versus full vaccination or partial versus no vaccination should be interpreted…The trend toward lower odds of reinfection among the partially vaccinated when compared to unvaccinated is suggestive…

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove that the reinfection was caused from a distinct virus from relative to the first infection. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests among participants in this study(≥5 months), reinfection is the most likely explanation. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might be even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Spicer, Kevin B (CHFS DPH DEHP): Consider “relative to” for “from”

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infection, to reduce their risk for future infection.
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[bookmark: _Hlk78961133]** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html

Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, has been documented. Currently, limited evidence concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58–3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81–3.01)



		Fully vaccinated§

		50 (20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection was defined as receipt of positive NAAT or antigen test results during May 1–June 30, 2021.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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Hi Alyson,
 
Attached are two versions of the final proof. The PDF is an early edition of Friday’s eBook to
show you the final layout. Please make any final edits to the text in the Word document.  
 
Please provide any final edits by 7:00 tomorrow morning. I’ll request the same from
reviewers.
 
If anything needs to be deconflicted, I’ll reach out to you by 7:30.  
 
 
All the best,
 
Glenn Damon
Technical Writer-Editor, MMWR
CDC/OPHSS/CSELS
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From: Glick, Connor (CHFS DPH DEHP)
To: Thoroughman, Douglas (CHFS DPH); Winter, Kathleen T (CHFS DPH DEHP); Cavanaugh, Alyson (CHFS DPH

DEHP); Spicer, Kevin B (CHFS DPH DEHP)
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
Date: Thursday, August 5, 2021 12:20:00 AM
Attachments: Reinfection - vaccination status FIRST PROOF_CG.docx

Great work. Thank you, Alyson!
 
I just had one comment on the interpretation of the estimates, and I know I have brought this up
before, but I could not find any previous feedback or comments that addressed this specifically so I
figure I would bring this up again.
 
“2.34 times more likely” and “2.34 times as likely” imply probability, but we’re reporting an odds
ratio so (from what I understand) it would only be correct to say “2.34 times the odds”.
 
If I missed something, though – please point me in the right direction!
 
Best,
CG
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DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Glick,
Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Re: Reinfection - vaccination status FIRST PROOF_AC
 
Great job, Alyson!  I didn't see any numbers that got mixed up in the transition.
 
I did have several comments/questions and some suggested last-minute revisions to consider.
I added to Kathleen's version, but I did agree with Kevin's title change comment.  I differed
from Kevin on the tense of the one verb, so you have a vote on each side - your decision!  
 
Doug
 
Doug Thoroughman, PhD, MS
State Epidemiologist (Acting)
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that COVID-19 vaccination provides better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May or and June 2021 among persons previously infected with SARS-CoV-2 in 2020. Compared with Kentucky residents who were not vaccinated were 2.34 times more likely to be reinfected than those who were fully vaccinated, completion of a COVID vaccination series was associated with less than one half the odds of reinfection (odds ratio [OR] = 2.340.43; 95% confidence interval [CI] = 1.580.29–3.470.63). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. All eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2, to reduce their risk for future infection.†

Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test or antigen test§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases are imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to or investigated by public health authorities (3). The REDCap database with NEDSS laboratory data was used to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive nucleic acid amplification test or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinated.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Tense okay?  Or should be “Were”

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first and last name and date of birth. Case-patients were considered to be fully vaccinated if a single dose of Janssen (Johnson & Johnson) or second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without either the vaccination series was not completed or the final dose was received <≥14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no full vaccination and partial vaccination with fullno vaccination among case-patients and controls. SAS version 9.4 (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Compared with Kentucky residents with prior infections who were not fully vaccinated, those who were unfully vaccinated had less than one half2.34 times the the odds of reinfection (OR = 2.340.43; 95% CI = 1.580.29–3.470.63); partial vaccination was not significantly associated with reinfection (OR = 1.560.64; 95% CI = 0.8133–3.011.23).

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020,  being unfull vaccinatedion was significantly associated with reduced increased likelihood of reinfection during May–June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for at least ≥90 days in most persons.†† Further, Tthe emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced odds of had a protection association with reinfection and conversely, being unvaccinated was associated with higher likelihood of being reinfected.

The lack of a significant association with partial versus fullno vaccination should be interpreted with caution, given the small numbers of partially vaccinated persons (6.9% of case-patients and 7.9% of controls), which limited statistical power to detect a difference. Although not statistically significant, the magnitude of the OR (0.64) The finding is suggestive of a protective response and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): Is it suggestive of a protective response?  The OR is over 1 but non-significant.   How can I word this not to overstate the benefit of partial vaccination.

The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing. Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of full vaccination with reduced likelihood of reinfection might be overestimated. Third, vaccinations administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true association. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): FYI - I kept this in because JIC reviewer was adamant about this.  I do think something to the effect that the case-control studies are not the strongest level of scientific evidence is important to mention.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were fully not vaccinated had had less than one half the oddswere 2.34 times as likely to be reinfected compared to those with full  of reinfection compared with those with no vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19,

 have been documented. Currently, limited evidence is available on the protection afforded by vaccination against reinfection with SARS-CoV-2.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unfull vaccinatedion was associated with 2.34 times the oddsless than one half the odds of reinfection compared to being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		NotFully vaccinated§

		50 (20.3)179 (72.8)

		169 (34.3)284 (57.7)

		0.43 (0.29–0.632.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)0.64 (0.33–1.23)



		FullyNot vaccinated§

		50179 (20.372.8)

		169 284 (34.357.7)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test during March–December 2020. Reinfection cases were identified by positive NAAT or antigen test during May 1–June 30, 2021

† Estimated based on conditional logistic regression.

§ Case-patients and control participants were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series either not completed or the final dose received <14 days before their reinfection date.  For control participants, the same criteria was applied, using the matched case-patient’s reinfection date.fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date. For control participants, the matched case-patient’s reinfection date was used.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before case-patient’s reinfection date.  For controls, the matched case-patient’s reinfection date was used. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but without the vaccination series completed or the final dose received ≥14 days before the case-patient’s reinfection date. 



notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>
Sent: Wednesday, August 4, 2021 6:18 PM
To: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: RE: Reinfection - vaccination status FIRST PROOF_AC
 
Great job.  Here are my suggestions.
 

From: Cavanaugh, Alyson (CHFS DPH DEHP) <alyson.cavanaugh@ky.gov> 
Sent: Wednesday, August 4, 2021 5:09 PM
To: Spicer, Kevin B (CHFS DPH DEHP) <kevin.spicer@ky.gov>; Thoroughman, Douglas (CHFS DPH)
<douglas.thoroughman@ky.gov>; Winter, Kathleen T (CHFS DPH DEHP) <kathleen.winter@ky.gov>;
Glick, Connor (CHFS DPH DEHP) <connor.glick@ky.gov>
Subject: Reinfection - vaccination status FIRST PROOF_AC
 
 

Here are my initial edits – I have flipped the OR to show unvaccinated vs. vaccinated. 
I added some group acknowledgements – I am not sure if they are worded correctly.

 
Please review and make suggestions.  I will probably compile everything tomorrow morning so
deadline is now 6 am J
 
 
 
Thanks all,
Alyson
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From: Thoroughman, Douglas (CHFS DPH)
To: Alexander, Kelly N (CHFS DPH)
Cc: Winter, Kathleen T (CHFS DPH DEHP)
Subject: FW: 22-00035-FOIA: Request for Documents
Date: Wednesday, October 20, 2021 3:51:24 PM
Attachments: Request for underlying Data regarding report in MMWR _ August 13, 2021 _ Vol. 70 _ No. 32.pdf

FOIA Response Form.pdf

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.

 

Hello, Kelly,
 
Alyson received, through CDC, a FOIA request asking CDC to provide the underlying data for the
MMWR article on risk of reinfection comparing vaccinated to unvaccinated individuals.  This is
probably something that will need to go to legal.  Alyson can provide a dataset with deidentified
data, and hopefully she can do it in a way that protects us against HIPAA violations.  My biggest
concern is that the person requesting doesn’t seem to know a lot about testing for COVID-19 and so
I would say that there is a high potential for mis-use of this data. But I don’t know that we have a call
in that.
 
Let us know what next steps are.
Doug
 
Doug Thoroughman, PhD, MS
CAPT, USPHS
CDC Career Epidemiology Field Officer
Kentucky Department for Public Health
275 E. Main St., HS 2GW-C
Frankfort, KY 40621
Phone: 502-564-3418 x4315
Fax: 502-564-9626
 
NOTICE OF CONFIDENTIALITY: This e-mail, including any attachments, is intended only for the use of the
individual or entity to which it is addressed and may contain confidential information that is legally privileged and
exempt from disclosure under applicable law.  If the reader of this message is not the intended recipient, you are
notified that any review, use, disclosure, distribution or copying of this communication is strictly prohibited.  If you
have received this communication in error, please contact the sender by reply e-mail and destroy all copies of the
original message.
 

From: Cavanaugh, Alyson (CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov> 
Sent: Wednesday, October 20, 2021 3:01 PM
To: Thoroughman, Douglas (CHFS DPH) <douglas.thoroughman@ky.gov>; Spicer, Kevin B (CHFS DPH
DEHP) <kevin.spicer@ky.gov>; Beavers, Suzanne (CDC/DDPHSS/CSELS/DSEPD) <fgx5@cdc.gov>
Subject: FW: 22-00035-FOIA: Request for Documents
 

**CAUTION**  PDF attachments may contain links to malicious sites.  Please contact the COT
Service Desk ServiceCorrespondence@ky.gov for any assistance.
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From: Perrier, Daniel
To: FOIA Requests (CDC)
Subject: Request for underlying Data regarding report in MMWR / August 13, 2021 / Vol. 70 / No. 32
Date: Monday, October 4, 2021 6:35:30 PM


Hi,


I hope that this email finds you well.


I have been reviewing the recent report entitled "Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 
Vaccination — Kentucky, May–June 202" which appeared in the publication MMWR on August 13, 2021.  This 
publication is cited by the CDC as a reason that people who have recovered from Covid and possess antigens against 
the virus need to be vaccinated.  This report does not agree with any number of studies that show that natural 
immunity is effective and durable. 


The report states:
"Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s National Electronic Disease Surveillance System 
(NEDSS) during March–December 2020 were eligible for inclusion."


With regards to this FOIA request, please provide all background data used in the report including but not limited to:
    What is the breakdown between the confirmed cases using the NAAT technique vs the antigen test results?
    What was the cycle threshold for the NAAT confirmed tests?
    Which antigens were present in the confirmed group?
    What was the illness breakdown for the NAAT vs antigen positive groups?


Thanks for your attention in this matter.
--


Regards,


Dan Perrier, P.E.
President
Automated Control Systems, Inc.          
4400 NE 77th Ave
Suite 275
Vancouver, WA 98662


phone (360) 737-6654 ext 205
fax    (360) 737-6673


dan-perrier@automation-software.com
www.automation-software.com
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CDC FOIA Response Sheet
* indicates required field


*FOIA Request #: Date:


*A. Records search outcome:
I have searched and found no records.  If selected, fill out section C
I have searched and found records. I have no concerns with release. If selected, fill out section C
 I have searched and found records. I have the following concerns with release.  
If selected, enter concerns below, then fill out sections B and C.  (Additional space for comments on page 2.)  


B. Records contain the following: (select all that apply)
Records contain Personally Identifiable Information(PII)
Records covered by an Assurance of Confidentiality (Please provide a copy)
Records containing commercial/financial/proprietary information
Records contain communications with OGC
Records include predecisional and deliberative communications
Records contain animal lab/select agency information
Records contain information originating from another Agency


*C.  Check each system of files or records which was searched.
For each system selected, describe how the search was conducted


Outlook (email, Skype/Teams, calendar):  


Sharepoint:  


Shared drive: 


Phone/App:  


Other:  


D. Search Details:
Who conducted the search?


Grade: GS 1– 8 GS 9 –14 GS 15+ *How long did the search take?


Respondee Signature:
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From: Macomber, Jonathan (CDC/DDPHSS/CSELS/OD) <qxf1@cdc.gov> 
Sent: Wednesday, October 20, 2021 2:55 PM
To: Rutledge, Terisa (CDC/DDPHSS/CSELS/OD) <txr7@cdc.gov>; Cavanaugh, Alyson
(CDC/DDPHSS/CSELS/DSEPD) <qds1@cdc.gov>
Cc: Henry, Roberto (CDC/DDPHSS/CSELS/OD) <ypj7@cdc.gov>; Macomber, Jonathan
(CDC/DDPHSS/CSELS/OD) <qxf1@cdc.gov>
Subject: 22-00035-FOIA: Request for Documents
 
Good Afternoon All,
Below please find an incoming FOIA request regarding this MMW article. The requestor has asked
for CDC to: “Please provide the agency records of the background data related to the study upon
which the paper in question was based upon.” Please provide a response to this request by COB
Friday 10/29, thank you!
Please note: The FOIA office has informed me the attached original request is for background only,
the requestor has limited the scope of their inquiry to just the highlighted question above.
 
Best,
Jon Macomber, MPA
Public Health Analyst (Policy & Issue MGT)
CSELS | CDC
M: 337-238-8129
E: jmacomber@cdc.gov
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Subject: FW: CDC MMWR Early Releases and Media Statement: New CDC Study: Vaccination Offers Higher Protection
than Previous COVID-19 Infection

Date: Friday, August 6, 2021 12:23:39 PM
Attachments: image002.png

EMBARGOED UNTIL 1PM_Media Statement_MMWR.pdf
MMWR ER - Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among Adults Aged ≥65 Years —
COVID-NET, 13 States - August 6, 2021.pdf
MMWR ER - Rapid Increase in Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant — Mesa County, Colorado
- August 6, 2021.pdf
MMWR ER - Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky - August 6,
2021.pdf
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 Media Statement 


 


EMBARGOED FOR 1PM ET 
Friday, August 6, 2021 
  


Contact: CDC Media Relations 
(404) 639-3286 


  


New CDC Study: Vaccination Offers Higher Protection than Previous 


COVID-19 Infection 


 


In today’s MMWR, a study of COVID-19 infections in Kentucky among people who were 


previously infected with SAR-CoV-2 shows that unvaccinated individuals are more than twice as 


likely to be reinfected with COVID-19 than those who were fully vaccinated after initially 


contracting the virus. These data further indicate that COVID-19 vaccines offer better protection 


than natural immunity alone and that vaccines, even after prior infection, help prevent 


reinfections.   


 


“If you have had COVID-19 before, please still get vaccinated,” said CDC Director Dr. Rochelle 


Walensky. “This study shows you are twice as likely to get infected again if you are 


unvaccinated. Getting the vaccine is the best way to protect yourself and others around you, 


especially as the more contagious Delta variant spreads around the country.” 


 


The study of hundreds of Kentucky residents with previous infections through June 2021 found 


that those who were unvaccinated had 2.34 times the odds of reinfection compared with those 


who were fully vaccinated.  The findings suggest that among people who have had COVID-19 


previously, getting fully vaccinated provides additional protection against reinfection.  


 


Additionally, a second publication from MMWR shows vaccines prevented COVID-19 related 


hospitalizations among the highest risk age groups. As cases, hospitalizations, and deaths rise, 


the data in today’s MMWR reinforce that COVID-19 vaccines are the best way to prevent 


COVID-19.  


 


COVID-19 vaccines remain safe and effective. They prevent severe illness, hospitalization, and 


death. Additionally, even among the uncommon cases of COVID-19 among the fully or partially 


vaccinated vaccines make people more likely to have a milder and shorter illness compared to 


those who are unvaccinated. CDC continues to recommend everyone 12 and older get vaccinated 


against COVID-19. 
 
 
 


### 
  


U.S. Department of Health and Human Services 



http://www.hhs.gov/





  


CDC works 24/7 protecting America’s health, safety, and security. Whether diseases start at 


home or abroad, are curable or preventable, chronic or acute, or from human activity or 


deliberate attack, CDC responds to America’s most pressing health threats. CDC is 


headquartered in Atlanta and has experts located throughout the United States and the world. 
 








Early Release / Vol. 70 August 6, 2021


U.S. Department of Health and Human Services
Centers for Disease Control and Prevention


Morbidity and Mortality Weekly Report


Effectiveness of COVID-19 Vaccines in Preventing Hospitalization Among 
Adults Aged ≥65 Years — COVID-NET, 13 States, February–April 2021


Heidi L. Moline, MD1,2; Michael Whitaker, MPH1; Li Deng, PhD1; Julia C. Rhodes, PhD1; Jennifer Milucky, MSPH1; Huong Pham, MPH1;  
Kadam Patel, MPH1,3; Onika Anglin, MPH1,3; Arthur Reingold, MD4,5; Shua J. Chai, MD4; Nisha B. Alden, MPH6; Breanna Kawasaki, MPH6;  


James Meek, MPH7; Kimberly Yousey-Hindes, MPH7; Evan J. Anderson, MD8,9,10; Monica M. Farley, MD8,9,10; Patricia A. Ryan, MS11; Sue Kim, MPH12; 
Val Tellez Nunez, MPH12; Kathryn Como-Sabetti, MPH13; Ruth Lynfield, MD13; Daniel M. Sosin, MD14; Chelsea McMullen, MS14; Alison Muse, MPH15; 


Grant Barney, MPH15; Nancy M. Bennett, MD16; Sophrena Bushey, MHS16; Jessica Shiltz, MPH17; Melissa Sutton, MD18; Nasreen Abdullah, MD18;  
H. Keipp Talbot, MD19; William Schaffner, MD19; Ryan Chatelain, MPH20; Jake Ortega, MPH20; Bhavini Patel Murthy, MD1; Elizabeth Zell, MStat1,21; 


Stephanie J. Schrag, DPhil1; Christopher Taylor, PhD1; Nong Shang, PhD1; Jennifer R. Verani, MD1,*; Fiona P. Havers, MD1,*


Clinical trials of COVID-19 vaccines currently authorized 
for emergency use in the United States (Pfizer-BioNTech, 
Moderna, and Janssen [Johnson & Johnson]) indicate that 
these vaccines have high efficacy against symptomatic disease, 
including moderate to severe illness (1–3). In addition to 
clinical trials, real-world assessments of COVID-19 vaccine 
effectiveness are critical in guiding vaccine policy and building 
vaccine confidence, particularly among populations at higher 
risk for more severe illness from COVID-19, including older 
adults. To determine the real-world effectiveness of the three 
currently authorized COVID-19 vaccines among persons aged 
≥65 years during February 1–April 30, 2021, data on 7,280 
patients from the COVID-19–Associated Hospitalization 
Surveillance Network (COVID-NET) were analyzed with vac-
cination coverage data from state immunization information 
systems (IISs) for the COVID-NET catchment area (approxi-
mately 4.8 million persons). Among adults aged 65–74 years, 
effectiveness of full vaccination in preventing COVID-19–
associated hospitalization was 96% (95% confidence interval 
[CI] = 94%–98%) for Pfizer-BioNTech, 96% (95% CI = 95%–
98%) for Moderna, and 84% (95% CI  =  64%–93%) for 
Janssen vaccine products. Effectiveness of full vaccination 
in preventing COVID-19–associated hospitalization among 
adults aged ≥75 years was 91% (95% CI = 87%–94%) for 
Pfizer-BioNTech, 96% (95% CI = 93%–98%) for Moderna, 
and 85% (95% CI = 72%–92%) for Janssen vaccine prod-
ucts. COVID-19 vaccines currently authorized in the United 
States are highly effective in preventing COVID-19–associated 


hospitalizations in older adults. In light of real-world data dem-
onstrating high effectiveness of COVID-19 vaccines among 
older adults, efforts to increase vaccination coverage in this 
age group are critical to reducing the risk for COVID-19–
related hospitalization.


COVID-NET includes data on laboratory-confirmed 
COVID-19–associated hospitalizations in 99 U.S. counties 
in 14 states, representing approximately 10% of the U.S. 
population.† COVID-NET cases were hospitalizations that 
occurred in residents of a designated COVID-NET catch-
ment area who were admitted within 14 days of a positive 
SARS-CoV-2 test result. COVID-NET program personnel 
collected information on COVID-19 vaccination status (vac-
cine product received, number of doses, and administration 
dates) from state IISs for all sampled COVID-NET cases.§ 
Some sites expanded collection of information on vaccination 
status to all reported COVID-NET cases, not only sampled 
cases, which were included for analysis if all cases in a single 
month had vaccination status available. Data from 13 sites were 
included for analysis; one site (Iowa) does not have access to 
the state IIS and cannot collect vaccination data.¶ Population-
level vaccination coverage was determined using deidentified 
person-level COVID-19 vaccination data reported to CDC 
by jurisdictions, pharmacies, and federal entities through the 


* These authors contributed equally to this report.


† https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1 
§ COVID-NET methodology and sampling scheme: https://www.cdc.gov/


coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
¶ COVID-NET data included in this analysis were from the following states: 


California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.



https://www.medrxiv.org/content/10.1101/2021.04.21.21255473v1

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
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IISs,** Vaccine Administration Management System,†† or 
direct data submission.§§


The study was restricted to adults aged ≥65 years and included 
the period February 1–April 30, 2021. The Janssen vaccine was 
authorized for use during the study period beginning March 15, 
2021.¶¶ Patients were classified as 1) unvaccinated (no IIS record of 
vaccination), 2) partially vaccinated (1 dose of Moderna or Pfizer-
BioNTech received ≥14 days before hospitalization or 2 doses, with 
the second dose received <14 days before hospitalization), or 3) fully 
vaccinated (receipt of both doses of Moderna or Pfizer-BioNTech 
with second dose received ≥14 days before hospitalization or receipt 
of a single dose of Janssen ≥14 days before hospitalization). Patients 
with only 1 dose of any COVID-19 vaccine received <14 days before 
hospitalization were excluded. Daily county-level coverage data for 
adults aged 65–74 and ≥75 years in the COVID-NET catchment 
area were estimated using population denominators from the U.S. 
Census Bureau; vaccination status was classified as described for 
hospitalized cases.*** For vaccine records missing county of resi-
dence, county of vaccine administration was used.


To estimate vaccine effectiveness and corresponding 
95% CIs, methods were adapted based on previously published 
literature (4). Poisson regression was used to compare case 
counts by vaccination status (outcome) and the proportion 
of the population vaccinated and unvaccinated (offset).††† 


Data were stratified by age group because of the potential 
for confounding by age, and adjusted for COVID-NET site, 
time (number of weeks since the start of the study period as 
a categorical covariate), and monthly site-specific sampling 
frequency.§§§ Vaccine effectiveness was calculated as one minus 
the exponent of the estimated coefficient of the exposure (vac-
cination status) variable. For estimating effectiveness of full 
vaccination, partially vaccinated persons were excluded; for 
estimating effectiveness of partial vaccination, fully vaccinated 
persons were excluded. Vaccine product–specific estimates 
excluded persons who had received other COVID-19 vaccines. 
To account for the interval between infection and hospitaliza-
tion, sensitivity analyses were conducted using a reference date 
1 week and 2 weeks before admission, rather than admission 
date, for classification of vaccination status for cases (i.e., add-
ing 7 and 14 days, respectively between last vaccine dose and 
hospital admission date); the same adjustment was included 
for population vaccination coverage. Statistical analyses were 
conducted using SAS software (version 9.4; SAS Institute). This 
activity was reviewed by CDC and was conducted consistent 
with applicable federal law and CDC policy.¶¶¶


During February 1–April 30, 2021, among 7,280 eligible 
COVID-NET patients, 5,451 (75%) were unvaccinated, 867 
(12%) were partially vaccinated, and 394 (5%) were fully vac-
cinated; 568 (8%) who received a single vaccine dose <14 days 
before hospitalization were excluded from the analysis (Table). 
Vaccination coverage in the population increased rapidly dur-
ing this period among persons aged ≥65 years and varied by age 
and vaccine product (Figure 1). Among adults aged ≥65 years 
in the COVID-NET catchment area, full vaccination coverage 
from any of the three authorized vaccines ranged from 0.7% 
on February 1, 2021, to 72% on April 30, 2021.


Effectiveness of full vaccination in preventing hospi-
talization among adults aged 65–74 years was estimated 
at 96% (95% CI  =  94%–98%) for Pfizer-BioNTech, 
96% (95% CI  =  95%–98%) for Moderna, and 84% 
(95% CI  =  64%–93%) for Janssen vaccine products. 
Among adults aged ≥75 years, effectiveness of full vaccina-
tion was 91% (95% CI = 87%–94%) for Pfizer-BioNTech, 
96% (95% CI = 93%–98%) for Moderna, and 85% (95% 
CI  =  72%–92%) for Janssen vaccine products (Figure 2). 
Effectiveness of partial vaccination among adults aged 
65–74 years was 84% (95% CI  =  76%–89%) for Pfizer-
BioNTech and 91% (95% CI  =  87%–93%) for Moderna 
vaccine products. Among those aged ≥75 years, effectiveness 


 ** IISs are confidential, computerized, population-based systems that collect 
and consolidate vaccination data from providers in 64 public health 
jurisdictions nationwide and can be used to track administered vaccines and 
measure vaccination coverage. https://www.cdc.gov/vaccines/covid-19/
reporting/overview/IT-systems.html


 †† https://www.cdc.gov/vaccines/covid-19/reporting/vams/program-
information.html


 §§ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/distributing/about-
vaccine-data.html


 ¶¶ Emergency Use Authorization (EUA) for the Janssen (Johnson & Johnson) 
vaccine was granted by the Food and Drug Administration on February 26, 
2021. EUA was granted for the Pfizer-BioNTech vaccine on December 11, 
2020, and for the Moderna vaccine on December 18, 2020.


 *** https://www.cdc.gov/nchs/nvss/bridged_race.htm
 ††† Population vaccine effectiveness is defined as the reduction in disease risk among 


vaccinated versus unvaccinated persons in the population. Vaccine effectiveness 
is typically estimated by examining the proportion of persons with disease among 
those who are vaccinated and the proportion of persons with disease among 
those who are unvaccinated. If these numbers are difficult to measure or estimate 
and only case vaccination information is available, then an alternative approach, 
called the “screening method,” uses estimates of 1) the proportion of persons 
with disease who are vaccinated and 2) the proportion of persons in the 
population who are vaccinated. This analysis applied a variation of the screening 
method through a Poisson regression model, which allows the estimates to 
account for potential confounding. Specifically, the Poisson regression model 
uses case counts (both vaccinated and unvaccinated) as the outcome, vaccination 
status as the exposure variable, and the logarithms of the proportion of vaccinated 
and unvaccinated persons in the population as offsets. The Poisson model includes 
the potential confounders time and COVID-NET site as fixed effects because 
vaccination coverage data are available in each time-by-site stratum. A generalized 
estimating equation approach with autoregressive correlation structure 
accommodated daily variations of disease rates and vaccine coverage because this 
study occurred during a time of very rapid change. Finally, the adjusted vaccine 
effectiveness estimate was calculated as 1 - exp(β), in which β is the regression 
coefficient of the vaccination status exposure variable.


 §§§ Sampling weights were created based on the probability of selection. Weights 
were adjusted for nonresponse; adjusted to population catchment totals based 
on combinations of surveillance site, time period of admission, age, sex, and 
race/ethnicity via raking procedures; and trimmed to reduce variability.


 ¶¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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of partial vaccination was 66% (95% CI = 48%–77%) for 
Pfizer-BioNTech and 82% (95% CI = 76%–86%) for Moderna 
vaccine products. Sensitivity analyses accounting for interval 
between infection and hospitalization did not yield notably 
different vaccine effectiveness estimates, with point estimates 
varying by <1% for Pfizer-BioNTech and Moderna vaccine 
models. Point estimates for Janssen COVID-19 vaccine 
models varied by <10%, with few cases eligible for inclusion 
and wide CIs.


Discussion


In this analysis of 7,280 laboratory-confirmed COVID-19–
associated cases among hospitalized adults aged ≥65 years, all 
three COVID-19 vaccine products currently authorized for 
use in the United States had high effectiveness in preventing 
laboratory-confirmed COVID-19–associated hospitalizations. 
The effectiveness of full vaccination with mRNA vaccines 
(Pfizer BioNTech and Moderna) was ≥91% and of Janssen 
was ≥84% among adults aged ≥65 years. These findings are 
consistent with estimates from other observational studies of 
the mRNA vaccines and provide an early estimate of the effec-
tiveness of Janssen in preventing COVID-19–associated hospi-
talization (1–3,5). Although the method used in this analysis 


does not account for many important potential confounders 
and results should be interpreted with caution, taken together, 
these findings provide additional evidence that available vaccines 
are highly effective in preventing COVID-19–associated hos-
pitalizations and demonstrate that performance of COVID-19 
vaccines can be assessed using existing disease surveillance and 
immunization data.


This analysis provides an early estimate of the Janssen vac-
cine effectiveness in preventing hospitalization in older adults, 
adding to the limited observational data available assessing 
Janssen vaccine effectiveness.**** These findings are consistent 
with clinical trial efficacy data, which found an efficacy of 
76.7% for prevention of moderate to severe disease ≥14 days 
after vaccination (3). The relatively few cases and low popula-
tion vaccination coverage with Janssen in this analysis likely 
contributed to the wide CIs for the vaccine effectiveness esti-
mate. In addition, given vaccine prioritization for populations 
at high risk, older adults receiving the Janssen product were 
more likely to be at lower risk and differ substantially from 
those receiving products available earlier in the vaccine rollout. 
Other observational studies have demonstrated variability in 
the effectiveness of partial vaccination with mRNA vaccines in 
preventing hospitalization, with point estimates of effectiveness 
of 64% to 91% (5,6). Variation in estimates of effectiveness 
of partial vaccination between Pfizer-BioNTech and Moderna 
in this analysis might represent confounding from differ-
ences among the persons receiving these products. Residents 
of long-term care facilities (LTCFs) were prioritized early in 
the vaccine rollout and were more likely to receive Pfizer-
BioNTech than Moderna.†††† The underlying risk for severe 
illness from COVID-19 in this medically fragile population 
could contribute to lower vaccine effectiveness among LTCF 
residents than among the general population of older adults 
and to an apparently lower effectiveness of Pfizer-BioNTech. 
Moreover, if partial protection increases between the third and 
fourth week after receipt of the first dose, it is possible that 
the timing of the second Pfizer-BioNTech and Moderna doses 
(21 and 28 days after the first dose, respectively) could affect the 
observed effectiveness of partial vaccination. Therefore, these 
results should not be interpreted as definitive evidence of a dif-
ference in the effectiveness of partial vaccination between the 
two mRNA vaccines, but rather as an indication that further 
evaluation is warranted.


 **** https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1
 †††† Among COVID-NET patients living in LTCFs, more residents received 


Pfizer-BioNTech vaccine than received Moderna vaccine, consistent with 
state distribution through the federal Pharmacy Partnership for Long-Term 
Care Program. https://www.cdc.gov/vaccines/covid-19/long-term-care/
pharmacy-partnerships-faqs.html


TABLE. Hospitalized COVID-19 patients aged ≥65 years, by 
vaccination status and age group (N = 6,712)* — COVID-NET,† 
13 states, February 1 –April 30, 2021


Vaccination status§,¶


No. of cases, by age group (yrs)


65–74 ≥75 Total (≥65)


All patients (any vaccination status) 3,306 3,406 6,712
Unvaccinated patients 2,869 2,582 5,451
Vaccinated patients, by vaccine product
Pfizer-BioNTech
Partially vaccinated 188 379 567
Fully vaccinated 73 185 258
Moderna
Partially vaccinated 104 196 300
Fully vaccinated 56 56 112
Janssen (Johnson & Johnson)**
Fully vaccinated 16 8 24


Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization 
Surveillance Network.
 * Among 7,280 eligible COVID-NET patients, 568 patients (251 aged 65–74 years 


and 317 aged ≥75 years) who received only 1 dose of any COVID-19 vaccine 
<14 days before hospitalization were excluded from analysis.


 † COVID-NET data included in this analysis were from the following states: 
California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, 
New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.


 § Partially vaccinated patients received 1 dose of Moderna or Pfizer-BioNTech 
vaccine ≥14 days before hospitalization or 2 doses, with the second dose 
received <14 days before hospitalization.


 ¶ Fully vaccinated patients received both doses of Moderna or Pfizer-BioNTech 
vaccine, with second dose received ≥14 days before hospitalization, or receipt 
of a single dose of Janssen (Johnson & Johnson) vaccine ≥14 days 
before hospitalization.


 ** The Janssen vaccine was authorized for use after the study began; cases were 
included during March 15–April 30, 2021.



https://www.medrxiv.org/content/10.1101/2021.04.27.21256193v1

https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships-faqs.html
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The findings in this report are subject to at least four limita-
tions. First, although adjustments were made for time and site, 
the analysis did not adjust for other potential confounders, 
such as chronic conditions, because person-level data were not 
available for the catchment population. In addition, although 


the analysis was stratified by age and adjusted for time and site, 
the heterogeneity of disease risk, vaccination coverage within 
each site, and differences in the populations who received 
different vaccine products might confound estimates of vac-
cine effectiveness. Second, the study period for this analysis 


FIGURE 1. COVID-NET* cases and full vaccination coverage among persons aged 65–74 years (A) and persons aged ≥75 years (B) — 13 states, 
February 1–April 30, 2021
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Abbreviation: COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network.
* COVID-NET data included in this analysis were from the following states: California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, New Mexico, 


New York, Ohio, Oregon, Tennessee, and Utah.







Early Release


MMWR / August 6, 2021 / Vol. 70 5


occurred before the predominance of the B.1.617.2 (Delta) 
variant; changes in circulating SARS-CoV-2 variants might 
affect vaccine effectiveness when assessed over time. Third, 
persons choosing to receive vaccine later in the rollout might 
have different risk characteristics than do those vaccinated 
earlier and might have experienced differences in access to 
vaccine products by time and location. Finally, this analysis 


Summary
What is already known about this topic?


Clinical trials of COVID-19 vaccines currently authorized for 
emergency use in the United States (Pfizer-BioNTech, Moderna, 
and Janssen [Johnson & Johnson]) have shown high efficacy in 
preventing symptomatic (including moderate to severe) COVID-19.


What is added by this report?


Among adults aged 65–74 years, effectiveness of full vaccina-
tion for preventing hospitalization was 96% for Pfizer-BioNTech, 
96% for Moderna, and 84% for Janssen COVID-19 vaccines; 
among adults aged ≥75 years, effectiveness of full vaccination 
for preventing hospitalization was 91% for Pfizer-BioNTech, 96% 
for Moderna, and 85% for Janssen COVID-19 vaccines.


What are the implications for public health practice?


Efforts to increase vaccination coverage are critical to reducing 
the risk for COVID-19–related hospitalization, particularly in 
older adults.


was limited to adults aged ≥65 years, and the results are not 
generalizable to younger age groups.


This analysis found that all COVID-19 vaccines currently 
authorized in the United States are highly effective in prevent-
ing COVID-19–associated hospitalizations in older adults and 
also demonstrates the utility of this method in generating a 
relatively rapid assessment of vaccine performance in the setting 
of high-quality surveillance and vaccine registry data. Efforts 
to increase vaccination coverage are critical to reducing the 
risk for COVID-19–related hospitalization, particularly in 
older adults.
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On May 5, 2021, the Colorado Department of Public Health 
and Environment (CDPHE) identified the first five COVID-19 
cases caused by the SARS-CoV-2 B.1.617.2 (Delta) variant in 
Mesa County in western Colorado (population 154,933, <3% 
of the state population). All five initial cases were associated with 
school settings. Through early June, Mesa County experienced a 
marked increase in the proportion of Delta variant cases identified 
through sequencing: the 7-day proportion of sequenced specimens 
identified as B.1.617.2 in Mesa County more than doubled, from 
43% for the week ending May 1 to 88% for the week ending 
June 5. As of June 6, more than one half (51%) of sequenced 
B.1.617.2 specimens in Colorado were from Mesa County. 
CDPHE assessed data from surveillance, vaccination, laboratory, 
and hospital sources to describe the preliminary epidemiology of 
the Delta variant and calculate crude vaccine effectiveness (VE). 
Vaccination coverage in early May in Mesa County was lower 
(36% of eligible residents fully vaccinated) than that in the rest 
of the state (44%). Compared with that in all other Colorado 
counties, incidence, intensive care unit (ICU) admissions, and 
COVID-19 case fatality ratios were significantly higher in Mesa 
County during the analysis period, April 27–June 6, 2021. In addi-
tion, during the same time period, the proportion of COVID-19 
cases in persons who were fully vaccinated (vaccine breakthrough 
cases) was significantly higher in Mesa County compared with 
that in all other Colorado counties. Estimated crude VE against 
reported symptomatic infection for a 2-week period ending June 5 
was 78% (95% confidence interval [CI] = 71%–84%) for Mesa 
County and 89% (95% CI = 88%–91%) for other Colorado 
counties. Vaccination is a critical strategy for preventing infection, 
serious illness, and death from COVID-19. Enhanced mitigation 
strategies, including masking in indoor settings irrespective of 
vaccination status, should be considered in areas with substantial 
or high case rates.


Whole genome sequencing is performed in the CDPHE lab-
oratory on specimens submitted as part of sentinel surveillance 
(38 sites across Colorado, including one acute care hospital 
in Mesa County), as well as for cluster and outbreak response 
and on suspected variants (reverse transcription–polymerase 
chain reaction [RT-PCR]–positive specimens with S-gene 
target failure associated with the B.1.1.7 lineage) (1). The 
Colorado Electronic Disease Reporting System (CEDRS), a 
surveillance system managed by CDPHE, was used to identify 
reported confirmed or probable cases of COVID-19 occur-
ring from April 27, the date of illness onset for the first Delta 
variant case in Mesa County, to June 6, when sequencing 
identified B.1.617.2 as the dominant variant in Colorado (2). 
The Colorado Immunization Information System (CIIS) was 
used to verify COVID-19 vaccination status; vaccine break-
through infections were identified using personally identify-
ing information to match cases in CEDRS to CIIS entries* 
(3). Crude VE against reported symptomatic infection was 
estimated and compared among Mesa County and all other 
Colorado counties using a screening method outlined by the 
World Health Organization† as a rapid tool to assess whether 
a vaccine is performing as expected (4). To better determine 
settings where the Delta variant was spreading, outbreak data 


* SARS-CoV-2 RNA or antigen in a respiratory specimen collected from a person 
≥14 days after they have completed all recommended doses of the primary series 
for a Food and Drug Administration–authorized COVID-19 vaccine.


† Crude VE was estimated as (1-[{PCV/(1-PCV)}/{PPV/(1-PPV)}]) following 
World Health Organization interim guidance on conducting VE evaluations 
in the setting of new SARS-CoV-2 variants where PCV is the observed 
percentage of cases in persons who are vaccinated and PPV is the percentage 
of a comparable group in the population who are vaccinated. The PPV used 
in the calculations for Mesa County and other Colorado counties was from 
May 7, 2021, approximately 2 weeks before the anticipated onset for cases 
included in the PCV estimate. PPV included only vaccine-eligible persons and 
PCV was limited to symptomatic persons who were vaccine-eligible.
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during April 22–June 26 were obtained from the CDPHE 
outbreak database, which contains information on all reported 
COVID-19 outbreaks in Colorado and outbreak line lists.§ 
Residential care facility vaccination data were obtained from 
EMResource, a capacity planning tool used by CDPHE for 
facility-level reporting of aggregate COVID-19 vaccinations. 
Incidence of SARS-CoV-2 infection and proportions of out-
comes and vaccination rates among patients living in Mesa 
County and all other Colorado counties were compared and 
p-values were calculated using chi-square or Fisher’s exact 
tests. This activity was reviewed by CDC and was conducted 
consistent with applicable federal law and CDC policy.¶


During April 27–June 6, a total of 1,945 COVID-19 
cases were reported in Mesa County through CEDRS 
(incidence = 1,255 per 100,000). Compared with that in all 
other Colorado counties, incidence, overall ICU admissions, 
and overall case fatality ratios were significantly higher in Mesa 
County (Table). In addition, the proportion of breakthrough 
cases was significantly higher in Mesa County than in all 
other Colorado counties. In Mesa County, the proportion 
of persons aged ≥65 years with COVID-19 who were fully 
vaccinated (27.5%) was significantly higher than that in all 
other Colorado counties (17.4%). The crude VE against 
reported symptomatic infection for a 2-week period ending 
June 5 was 78% (95% CI = 71%–84%) for Mesa County and 
89% (95% CI = 88%–91%) for all other Colorado counties.**


Among 18,475 sequenced specimen results reported in 
Colorado through June 6, a total of 783 infections with the 
Delta variant were identified; more than one half (400; 51.1%) 
of these occurred among Mesa County residents, even though 
the county accounts for <3% of the state’s population. 
Symptomatic illness was reported in 304 (76.0%) of the 400 
Delta variant infections in Mesa County residents and 251 


 § An outbreak in a residential care facility (skilled nursing facility, assisted living 
residence, intermediate care facility, or group home) is defined as the 
occurrence of two or more confirmed cases of COVID-19 among residents 
and staff members in a facility within 14 days, or one confirmed case and two 
or more probable cases of COVID-19 among residents and staff members in 
a facility within 14 days. Until May 31, 2021, the definition of a school 
outbreak was defined as two or more confirmed COVID-19 cases among 
students, teachers, and staff members from separate households within 14 days 
in a single classroom, cohort, or activity or other close contact in the school 
setting; or one confirmed case and two or more probable cases of COVID-19 
among students, teachers, and staff members from separate households within 
14 days in a single classroom, cohort, or activity or other close contact in the 
school setting. Starting June 1, the definition changed from two or more to 
five or more cases of COVID-19, of which at least one patient has had a 
positive molecular amplification test or antigen test, among students, teachers, 
and staff members from separate households within 14 days in a single 
classroom, cohort, or activity or other close contact in the school setting.


 ¶ 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.


 ** For Mesa County, PPV was 36.2% and PCV was 11.0%. For other Colorado 
counties, PPV was 44.2% and PCV was 7.9%.


(65.5%) of 383 Delta variant infections in other counties. The 
7-day percentage of sequenced sentinel specimens identified 
as SARS-CoV-2 B.1.617.2 in Mesa County increased from 
43% for the week ending May 1 to 88% for the week ending 
June 5 (Figure). During the 5-week period, 67% (51 of 76) 
of sentinel surveillance specimens in Mesa County were iden-
tified as B.1.617.2 compared with 15% (248 of 1,637) of 
specimens from all other Colorado counties sequenced over 
the same time frame.


During April 22–June 26, a total of 37 COVID-19 outbreaks 
were reported in Mesa County; 13 (35%) in residential care 
facilities, 11 (30%) in schools, two (5%) in correctional facili-
ties, and 11 (30%) in other settings. Twelve outbreaks, including 
seven in residential care facilities, had at least one Delta variant 
case. Average vaccination coverage in these seven residential 
facilities was 87% among residents (range = 50%–97%) and 
50% among staff members (range = 6%–69%); attack rates 
among residents ranged from 0% to 54.6% (median = 1.2%) and 
among staff members from 2.2% to 25.5% (median = 10.0%). 
Five of these seven outbreaks involved at least one case in a fully 
vaccinated resident or staff member.††


Discussion


The Delta variant is highly transmissible; within 5 weeks 
of first identification, the Delta variant became the dominant 
SARS-CoV-2 variant in Mesa County, Colorado and is also now 
the predominant variant in the United States (5). Higher ICU 
admissions and case fatality ratios in Mesa County compared with 
those in the rest of the state are consistent with previous reports 
that infections with the Delta variant might result in more severe 
outcomes (6,7). The slightly lower crude VE estimate against 
symptomatic infection in Mesa County may lend support to 
previous findings that COVID-19 vaccines provide modestly 
lower protection against symptomatic infection with the Delta 
variant (8). Alternatively, because the Delta variant was circulating 
at higher levels in Mesa County than in other Colorado counties, 
the lower VE in Mesa County might reflect the much higher 
exposure to circulating virus among vaccinated persons.


The findings in this report are subject to at least four limi-
tations. First, lack of genetic sequencing for all SARS-CoV-2 
isolates likely affected estimated rates and proportions; the 
number of outbreaks involving the Delta variant might be 
underreported for this reason. Second, sentinel surveillance 
might not provide a fully representative sample of sequence 
types in Colorado because the specimens originate from hos-
pitals and likely include more specimens from inpatients and 


 †† A fully vaccinated person is one who has completed all recommended doses 
of an FDA–authorized COVID-19 vaccine, including Pfizer-BioNTech, 
Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive 
SARS-CoV-2 test result.
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TABLE. Age-specific incidence, clinical outcomes, and vaccination status among COVID-19 cases in Mesa and other counties — Colorado, 
April 27–June 6, 2021


Characteristic Mesa County Other Colorado counties p-value†


Total COVID-19 cases, no. 1,945 35,494 —
Age group, yrs
0–17 477 7,603 —
18–64 1,246 25,466 —
≥65 222 2,425 —
Overall incidence* 1,255 633 <0.001
Age group, yrs
0–17 1,408 620 <0.001
18–64 1,377 714 <0.001
≥65 726 297 <0.001
Hospital admission, no./No. (%) 142/1,945 (7.3) 2,448/35,494 (6.9) 0.49
Age group, yrs
0–17 3/477 (0.6) 97/7,603 (1.3) 0.22
18–64 69/1,246 (5.5) 1,554/25,466 (6.1) 0.42
≥65 70/222 (31.5) 797/2,425 (32.9) 0.69
ICU admission among hospitalized patients, no./No. (%) 49/142 (34.5) 583/2,448 (23.8) 0.004
Age group, yrs
0–17 1/3 (33.3) 17/97 (17.5) 0.45
18–64 25/69 (36.2) 356/1,554 (22.9) 0.01
≥65 23/70 (32.9) 210/797 (26.4) 0.24
Overall CFR, no./No. (%) 29/1,945 (1.5) 299/35,494 (0.8) 0.003
Age group, yrs
0–17 1/477 (0.2) 2/7,603 (0.03) 0.16
18–64 7/1,246 (0.6) 101/25,466 (0.4) 0.37
≥65 21/222 (9.5) 196/2,425 (8.1) 0.47
CFR, hospitalized patients, no./No. (%) 22/142 (15.5) 198/2,448 (8.1) 0.002
Age group, yrs
0–17 1/3 (33.3) 1/97(1.0) 0.06
18–64 5/69 (7.2) 55/1,554 (3.5) 0.11
≥65 16/70 (22.9) 142/797 (17.8) 0.29
Fully vaccinated§,¶, no./No. (%) 136/1,945 (7.0) 1,715/35,397 (4.8) <0.001
Age group, yrs
0–17 2/477 (0.4) 10/7,591 (0.1) 0.16
18–64 73/1,246 (5.9) 1,283/25,381 (5.1) 0.21
≥65 61/222 (27.5) 422/2,425 (17.4) <0.001


Abbreviations: CFR = case fatality ratio; ICU = intensive care unit.
* Cases per 100,000 population.
† Calculated using chi-square test or Fisher’s exact test.
§ A fully vaccinated person is one who has completed all recommended doses of a Food and Drug Administration–authorized COVID-19 vaccine, including 


Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) ≥14 days before a positive SARS-Co-V-2 test result.
¶ Vaccination status was missing for 97 persons.


emergency department patients compared with specimens from 
other testing sites. Third, the screening method provides rapid 
crude VE estimates that do not control for possible effects of 
confounding or clustering. Some of the differences between 
VE and severity of illness in Mesa County and that in other 
counties might be due to differences in the age distribution of 
patients and the inclusion of cases associated with outbreaks 
in congregate settings. However, CDPHE estimates that fewer 
than 10% of cases during the time period occurred in con-
gregate settings. Finally, differences in vaccination coverage in 
some of these populations might be an additional confound-
ing factor when estimating crude VE at the county and state 
levels. VE studies with more rigorous methods and the power 
to estimate protection against severe outcomes are needed to 
better understand the potential impact of the Delta variant.


Vaccination is a critical strategy for preventing infection, seri-
ous illness, and death associated with SARS-CoV-2 (including 
the Delta variant). Additional targeted prevention strategies (e.g., 
masking in indoor settings irrespective of vaccination status) 
and adherence to prevention strategies (e.g., surveillance testing 
and infection prevention and control procedures) are prudent 
in areas with high circulation of the Delta variant and in higher 
risk settings, such as residential care facilities.


Corresponding author: Rachel Herlihy, rachel.herlihy@state.co.us.


 1Colorado Department of Public Health and Environment; 2Mesa County Public 
Health Department, Grand Junction, Colorado; 3CDC COVID-19 Response Team.
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FIGURE. Number of COVID-19 cases and proportion of B.1.617.2 (Delta) variant infections in Mesa and other counties — Colorado, April 27–June 6, 2021
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Summary
What is already known about this topic?


The highly transmissible B.1.617.2 (Delta) variant of SARS-CoV-2 
has become the predominant circulating U.S. strain.


What is added by this report?


During April–June 2021, COVID-19 cases caused by the Delta 
variant increased rapidly in Mesa County, Colorado. Compared 
with that in other Colorado counties, incidence, intensive care 
unit admissions, COVID-19 case fatality ratios, and the propor-
tion of cases in fully vaccinated persons were significantly 
higher in Mesa County. Crude vaccine effectiveness against 
symptomatic infection was estimated to be 78% for Mesa 
County and 89% for other Colorado counties.


What are the implications for public health practice?


Vaccination is critical for preventing infection, serious illness, 
and death associated with SARS-CoV-2 infection (including the 
Delta variant). Multicomponent prevention strategies, such as 
masking in indoor settings irrespective of vaccination status as 
well as optimal surveillance testing and infection prevention 
and control, should be considered in areas of high incidence.


payment for Grand Rounds presentation on COVID-19 in April 
2020 and membership on the Medical Advisory Board for First 
Descents. No other potential conflicts of interest were disclosed.
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Although laboratory evidence suggests that antibody 
responses following COVID-19 vaccination provide bet-
ter neutralization of some circulating variants than does 
natural infection (1,2), few real-world epidemiologic stud-
ies exist to support the benefit of vaccination for previ-
ously infected persons. This report details the findings of 
a case-control evaluation of the association between vac-
cination and SARS-CoV-2 reinfection in Kentucky during 
May–June 2021 among persons previously infected with 
SARS-CoV-2 in 2020. Kentucky residents who were not 
vaccinated had 2.34 times the odds of reinfection compared 
with those who were fully vaccinated (odds ratio [OR] = 2.34; 
95% confidence interval [CI] = 1.58–3.47). These findings 
suggest that among persons with previous SARS-CoV-2 infec-
tion, full vaccination provides additional protection against 
reinfection. To reduce their risk of infection, all eligible persons 
should be offered vaccination, even if they have been previously 
infected with SARS-CoV-2.*


Kentucky residents aged ≥18 years with SARS-CoV-2 
infection confirmed by positive nucleic acid amplification 
test (NAAT) or antigen test results† reported in Kentucky’s 
National Electronic Disease Surveillance System (NEDSS) 
during March–December 2020 were eligible for inclusion. 
NEDSS data for all Kentucky COVID-19 cases were imported 
into a REDCap database that contains laboratory test results 
and case investigation data, including dates of death for 
deceased patients reported to public health authorities (3). The 
REDCap database was queried to identify previously infected 
persons, excluding COVID-19 cases resulting in death before 
May 1, 2021. A case-patient was defined as a Kentucky resident 


* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.
gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.
html#CoV-19-vaccination


† https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html 


with laboratory-confirmed SARS-CoV-2 infection in 2020 
and a subsequent positive NAAT or antigen test result during 
May 1–June 30, 2021. May and June were selected because 
of vaccine supply and eligibility requirement considerations; 
this period was more likely to reflect resident choice to be 
vaccinated, rather than eligibility to receive vaccine.§ Control 
participants were Kentucky residents with laboratory-
confirmed SARS-CoV-2 infection in 2020 who were not 
reinfected through June 30, 2021. Case-patients and controls 
were matched on a 1:2 ratio based on sex, age (within 3 years), 
and date of initial positive SARS-CoV-2 test (within 1 week). 
Date of initial positive test result refers to the specimen collec-
tion date, if available. The report date in NEDSS was used if 
specimen collection date was missing. Random matching was 
performed to select controls when multiple possible controls 
were available to match per case (4).


Vaccination status was determined using data from the 
Kentucky Immunization Registry (KYIR). Case-patients and 
controls were matched to the KYIR database using first name, 
last name, and date of birth. Case-patients were considered 
fully vaccinated if a single dose of Janssen (Johnson & Johnson) 
or a second dose of an mRNA vaccine (Pfizer-BioNTech or 
Moderna) was received ≥14 days before the reinfection date. 
For controls, the same definition was applied, using the rein-
fection date of the matched case-patient. Partial vaccination 
was defined as receipt of ≥1 dose of vaccine, but either the 


§ May and June were selected for two primary reasons. First, when vaccination 
supplies were low, some previously infected persons were deferring vaccination 
for 90 days to allow never-infected persons priority for available vaccine; 
however, by May 2021, deferral for 90 days was no longer a reason for those 
infected in 2020 to remain unvaccinated. Second, although vaccination 
eligibility was initially restricted based on age, comorbidities, and occupation, 
by April 5, 2021, all Kentucky residents aged ≥16 years became eligible for 
vaccination (https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.
pdf ). Thus, vaccination status in May or June 2021 might more accurately 
reflect choice rather than eligibility to be vaccinated.



https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-19%2Finfo-by-product%2Fclinical-considerations.html#CoV-19-vaccination

https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf

https://chfs.ky.gov/agencies/dph/covid19/Cv19VaccineFAskedQ.pdf
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vaccination series was not completed or the final dose was 
received <14 days before the case-patient’s reinfection date. 
Using conditional logistic regression, ORs and CIs were used 
to compare no vaccination and partial vaccination with full vac-
cination among case-patients and controls. SAS (version 9.4; 
SAS Institute) was used for matching and statistical analyses. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.¶


Overall, 246 case-patients met eligibility requirements and 
were successfully matched by age, sex, and date of initial infec-
tion with 492 controls. Among the population included in the 
analysis, 60.6% were female, and 204 (82.9%) case-patients 
were initially infected during October–December 2020 
(Table 1). Among case-patients, 20.3% were fully vaccinated 
compared with 34.3% of controls (Table 2). Kentucky residents 
with previous infections who were unvaccinated had 2.34 times 
the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) com-
pared with those who were fully vaccinated; partial vaccination 
was not significantly associated with reinfection (OR = 1.56; 
95% CI = 0.81–3.01).


Discussion


This study found that among Kentucky residents who were 
previously infected with SARS-CoV-2 in 2020, those who 
were unvaccinated against COVID-19 had significantly higher 
likelihood of reinfection during May and June 2021. This 
finding supports the CDC recommendation that all eligible 
persons be offered COVID-19 vaccination, regardless of previ-
ous SARS-CoV-2 infection status.


¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.


Summary
What is already known about this topic?


Reinfection with human coronaviruses, including SARS-CoV-2, 
the virus that causes COVID-19, has been documented. 
Currently, limited evidence concerning the protection afforded 
by vaccination against reinfection with SARS-CoV-2 is available.


What is added by this report?


Among Kentucky residents infected with SARS-CoV-2 in 2020, 
vaccination status of those reinfected during May–June 2021 
was compared with that of residents who were not reinfected. 
In this case-control study, being unvaccinated was associated 
with 2.34 times the odds of reinfection compared with being 
fully vaccinated.


What are the implications for public health practice?


To reduce their likelihood for future infection, all eligible 
persons should be offered COVID-19 vaccine, even those with 
previous SARS-CoV-2 infection.


Reinfection with SARS-CoV-2 has been documented, but 
the scientific understanding of natural infection-derived immu-
nity is still emerging (5). The duration of immunity resulting 
from natural infection, although not well understood, is sus-
pected to persist for ≥90 days in most persons.** The emergence 
of new variants might affect the duration of infection-acquired 
immunity, and laboratory studies have shown that sera from 
previously infected persons might offer weak or inconsistent 
responses against several variants of concern (2,6). For example, 
a recent laboratory study found that sera collected from previ-
ously infected persons before they were vaccinated provided 
a relatively weaker, and in some cases absent, neutralization 
response to the B.1.351 (Beta) variant when compared with the 
original Wuhan-Hu-1 strain (1). Sera from the same persons after 
vaccination showed a heightened neutralization response to the 
Beta variant, suggesting that vaccination enhances the immune 
response even to a variant to which the infected person had not 
been previously exposed. Although such laboratory evidence 
continues to suggest that vaccination provides improved neutral-
ization of SARS-CoV-2 variants, limited evidence in real-world 
settings to date corroborates the findings that vaccination can 
provide improved protection for previously infected persons. The 
findings from this study suggest that among previously infected 
persons, full vaccination is associated with reduced likelihood 
of reinfection, and, conversely, being unvaccinated is associated 
with higher likelihood of being reinfected.


The lack of a significant association with partial versus full 
vaccination should be interpreted with caution given the small 
numbers of partially vaccinated persons included in the analysis 
(6.9% of case-patients and 7.9% of controls), which limited sta-
tistical power. The lower odds of reinfection among the partially 
vaccinated group compared with the unvaccinated group is sug-
gestive of a protective effect and consistent with findings from 
previous studies indicating higher titers after the first mRNA 
vaccine dose in persons who were previously infected (7,8).


The findings in this report are subject to at least five limi-
tations. First, reinfection was not confirmed through whole 
genome sequencing, which would be necessary to definitively 
prove that the reinfection was caused from a distinct virus rela-
tive to the first infection. Although in some cases the repeat 
positive test could be indicative of prolonged viral shedding 
or failure to clear the initial viral infection (9), given the time 
between initial and subsequent positive molecular tests among 
participants in this study, reinfection is the most likely explana-
tion. Second, persons who have been vaccinated are possibly 
less likely to get tested. Therefore, the association of reinfec-
tion and lack of vaccination might be overestimated. Third, 
vaccine doses administered at federal or out-of-state sites are 


 ** https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
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not typically entered in KYIR, so vaccination data are pos-
sibly missing for some persons in these analyses. In addition, 
inconsistencies in name and date of birth between KYIR and 
NEDSS might limit ability to match the two databases. Because 
case investigations include questions regarding vaccination, 
and KYIR might be updated during the case investigation 
process, vaccination data might be more likely to be missing 
for controls. Thus, the OR might be even more favorable for 
vaccination. Fourth, although case-patients and controls were 
matched based on age, sex, and date of initial infection, other 
unknown confounders might be present. Finally, this is a ret-
rospective study design using data from a single state during 
a 2-month period; therefore, these findings cannot be used 
to infer causation. Additional prospective studies with larger 
populations are warranted to support these findings.


These findings suggest that among persons with previous 
SARS-CoV-2 infection, full vaccination provides additional 
protection against reinfection. Among previously infected 
Kentucky residents, those who were not vaccinated were more 
than twice as likely to be reinfected compared with those with 
full vaccination. All eligible persons should be offered vaccina-
tion, including those with previous SARS-CoV-2 infection, to 
reduce their risk for future infection.


TABLE 1. Demographic characteristics of COVID-19 patients with 
reinfection (case-patients) and COVID-19 patients who were not 
reinfected (control participants) — Kentucky, May–June 2021


Characteristic


No. (%)


Case-patients*  
(n = 246)


Control participants†  
(n = 492)


Age group, yrs
18–29 46 (18.7) 89 (18.1)
30–39 37 (15.0) 83 (16.9)
40–49 43 (17.5) 80 (16.3)
50–59 44 (17.9) 88 (17.9)
60–69 27 (11.0) 51 (10.4)
70–79 28 (11.4) 58 (11.8)
≥80 21 (8.5) 43 (8.7)
Sex
Female 149 (60.6) 298 (60.6)
Month of initial infection in 2020
March 0 (0) 3 (0.6)
April 7 (2.8) 11 (2.2)
May 2 (0.8) 2 (0.4)
June 4 (1.6) 11 (2.2)
July 8 (3.3) 17 (3.5)
August 8 (3.3) 13 (2.6)
September 13 (5.3) 22 (4.5)
October 36 (14.6) 78 (15.9)
November 72 (29.3) 141 (28.7)
December 96 (39.0) 194 (39.4)


* Case-patients were eligible for inclusion if initial infection occurred during 
March–December 2020, and a subsequent positive nucleic acid amplification 
or antigen test result was received during May–June 2021 (using date of 
specimen collection). Cases for analyses were restricted to persons aged 
≥18 years at time of reinfection.


† Controls were matched by sex, age (within 3 years), and time of initial infection 
diagnosis (within 7 days).


TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 
vaccination status — Kentucky, May–June 2021


Vaccination status


No. (%)


OR (95% CI)†Case-patients
Control 


participants


Not vaccinated 179 (72.8) 284 (57.7) 2.34 (1.58–3.47)
Partially vaccinated¶ 17 (6.9) 39 (7.9) 1.56 (0.81–3.01)
Fully vaccinated§ 50 (20.3) 169 (34.3) Ref
Total 246 (100) 492 (100) —


Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; 
OR = odds ratio; Ref = referent group.
* All case-patients (reinfected) and control participants (not reinfected) had 


previous SARS-CoV-2 infection documented by positive NAAT or antigen test 
results during March–December 2020. Reinfection was defined as receipt of 
positive NAAT or antigen test results during May 1–June 30, 2021.


† Estimated based on conditional logistic regression.
§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was 


received, but the vaccination series was either not completed or the final dose 
was received <14 days before their reinfection date. For control participants, 
the same criteria were applied, using the matched case-patient’s 
reinfection date.


¶ Case-patients and control participants were considered fully vaccinated if a 
complete COVID-19 vaccine series was received ≥14 days before the case-
patient’s reinfection date.
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[bookmark: _Hlk78971132]Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — Kentucky, May–June 2021

Alyson M. Cavanaugh, DPT, PhD1,2; Kevin Spicer, MD, PhD2,3; Douglas Thoroughman, PhD2,4; Connor Glick, MS2; Kathleen Winter, PhD2,5

[bookmark: _Hlk78970957]The need for persons previously infected with SARS-CoV-2, the virus that causes COVID-19, to receive COVID-19 vaccination is frequently questioned.* Although laboratory evidence suggests that antibody responses following COVID-19 vaccination provide better neutralization of some circulating variants than does natural infection (1,2), few real-world epidemiologic studies exist to support the benefit of vaccination for previously infected persons. This report details the findings of a case-control evaluation of the association between vaccination and SARS-CoV-2 reinfection in Kentucky during May and –June 2021 among persons previously infected with SARS-CoV-2 in 2020. Kentucky residents who were not vaccinated had 2.34 times the odds of reinfection than those who were fully vaccinated (odds ratio [OR] = 2.34; 95% confidence interval [CI] = 1.58–3.47). These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. To reduce their risk of infection, all eligible persons should be offered vaccination, even if they have been previously infected with SARS-CoV-2.†	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. Almost L1. This could be seen as a subjective statement. What is the evidence to quantify this as “frequently?” Questioned by who? A tad more clarity and references could help. Alternatively, it could be framed around existing statements on vaccine hesitancy. 	Comment by Bunnell, Rebecca (CDC/DDPHSS/OS/OD): Could be stated in terms of it being an important public health policy question—especially given global scarcity of vaccine supply	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): There is limited published evidence to date on this issue but anecdotally we are hearing this question often and it is on the FAQ for CDC site.  I think starting with the idea that there is lab evidence but limited epi studies that show added benefit of vaccination would be appropriate.  

[bookmark: _Hlk78992727]Kentucky residents aged ≥18 years with SARS-CoV-2 infection confirmed by positive nucleic acid amplification test (NAAT) or antigen test results§ reported in Kentucky’s National Electronic Disease Surveillance System (NEDSS) during March–December 2020 were eligible for inclusion. NEDSS data for all Kentucky COVID-19 cases were imported into a REDCap database that contains laboratory test results and case investigation data, including dates of death for deceased patients reported to public health authorities (3). The REDCap database was queried to identify previously infected persons, excluding COVID-19 cases resulting in death before May 1, 2021. A case-patient was defined as a Kentucky resident with laboratory-confirmed SARS-CoV-2 infection in 2020 and a subsequent positive NAAT or antigen test result during May 1, 2021–June 30, 2021. The months of May and June were selected because of vaccine supply and eligibility requirement considerations; this period was more likely to reflect resident choice to be vaccinated, rather than eligibility to be vaccinatedreceive vaccine.¶ Control participants were Kentucky residents with laboratory-confirmed SARS-CoV-2 infection in 2020 who were not reinfected through June 30, 2021. Case-patients and controls were matched on a 1:2 ratio based on sex, age (within 3 years), and date of initial positive SARS-CoV-2 test (within 1 week). Date of initial positive test result refers to the specimen collection date, if available. The report date in NEDSS was used if specimen collection date was missing. Random matching was performed to select controls when multiple possible controls were available to match per case (4).

Vaccination status was determined using data from the Kentucky Immunization Registry (KYIR). Case-patients and controls were matched to the KYIR database using first name, last name, and date of birth. Case-patients were considered fully vaccinated if a single dose of Janssen (Johnson & Johnson) or a second dose of an mRNA vaccine (Pfizer-BioNTech or Moderna) was received ≥14 days before the reinfection date. For controls, the same definition was applied, using the reinfection date of the matched case-patient. Partial vaccination was defined as receipt of ≥1 dose of vaccine, but either the vaccination series was not completed or the final dose was received <14 days before the case-patient’s reinfection date. Using conditional logistic regression, ORs and CIs were used to compare no vaccination and partial vaccination with full vaccination among case-patients and controls. SAS (version 9.4;  (SAS Institute) was used for matching and statistical analyses. This activity was reviewed by CDC and was conducted consistent with applicable federal law and CDC policy.**

Overall, 246 case-patients met eligibility requirements and were successfully matched by age, sex, and date of initial infection with 492 controls. Among the population included in the analysis, 60.6% were female, and 204 (82.9%) case-patients were initially infected during October–December 2020 (Table 1). Among case-patients, 20.3% were fully vaccinated before reinfection, compared with 34.3% of controls (Table 2). Kentucky residents with prior previous infections who were unvaccinated had 2.34 times the odds of reinfection (OR = 2.34; 95% CI = 1.58–3.47) compared to those who were fully vaccinated; partial vaccination was not significantly associated with reinfection (OR = 1.56; 95% CI = 0.81–3.01).	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- consider being more precise re this	Comment by Damon, Glenn (CDC/DDPHSS/CSELS/OD) (CTR): This comment was made on the first proof before you sent your edits. I believe your edit to this section addresses the comment, but please confirm. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am not exactly sure what this means in this revised version. 

Discussion

This study found that among Kentucky residents who were previously infected with SARS-CoV-2 in 2020, those who were unvaccinated against COVID-19 had significantly higher likelihood of reinfection during May and June 2021. This finding supports the CDC recommendation that all eligible persons be offered COVID-19 vaccination, regardless of previous SARS-CoV-2 infection status.

Reinfection with SARS-CoV-2 has been documented, but the scientific understanding of natural infection-acquired derived immunity and reinfection risk is still emerging (5). The duration of immunity resulting from natural infection, although not well understood, is suspected to persist for ≥90 days in most persons.†† The emergence of new variants might affect the duration of infection-acquired immunity, and laboratory studies have shown that sera from previously infected persons might offer weak or inconsistent responses against several variants of concern (1,2). For example, a recent laboratory study found that sera collected from previously infected persons before they were vaccinated provided a relatively weaker, and in some cases absent, neutralization response to the Beta variant (B.1.351) when compared with the original Wuhan-Hu-1 strain (6). Sera from the same persons after vaccination showed a heightened neutralization response to the Beta variant, suggesting that vaccination enhances the immune response even to a variant to which the infected person had not been previously exposed. Although such laboratory evidence continues to suggest that vaccination provides improved neutralization of SARS-CoV-2 variants, limited evidence in real-world settings to date corroborates the findings that vaccination can provide improved protection for previously infected persons. The findings from this study suggest that among previously infected persons, full vaccination was associated with reduced likelihood of reinfection, and, conversely, being unvaccinated was is associated with higher likelihood of being reinfected.	Comment by Houry, Debra E. (CDC/DDNID/NCIPC/OD): L3- the results here also seem to indicate higher than reported rates of reinfection- would address that here	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): KY had over 265,000 cases in 2020 and this CC report only includes 246 reinfections in a 2-month time period.  We didn’t specifically look at rates of reinfection, but I believe this would still be considered relatively rare.	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I think if we shorten the statement to focus that our understanding of natural immunity is still emerging it would flow better into the next statement about duration.  

The lack of a significant association with partial versus full vaccination should be interpreted with caution given the small numbers of partially vaccinated persons included in the analysis (6.9% of case-patients and 7.9% of controls), which limited statistical power. Although not statistically significant, the finding is suggestive of a protective responsedecreased risk when compared to no vaccine and consistent with findings from previous studies indicating higher titers after the first mRNA vaccine dose in persons who were previously infected (7,8).

[bookmark: _GoBack]The findings in this report are subject to at least five limitations. First, reinfection was not confirmed through whole genome sequencing, which would be necessary to definitively prove the presence of a distinct virus during the reinfection . Although in some cases the repeat positive test could be indicative of prolonged viral shedding or failure to clear the initial viral infection (9), given the time between initial and subsequent positive molecular tests (≥5 months), reinfection is the most likely explanation.suspected in most cases. Second, persons who have been vaccinated are possibly less likely to get tested. Therefore, the association of reinfection and lack of vaccination might be overestimated. Third, vaccinations vaccine doses administered at federal or out-of-state sites are not typically entered in KYIR, so vaccination data is are possibly missing for some persons in these analyses. In addition, inconsistencies in name and date of birth between KYIR and NEDSS might limit ability to match the two databases. Because case investigations include questions regarding vaccination, and KYIR might be updated during the case investigation process, vaccination data might be more likely to be missing for controls. Thus, the OR might underestimate the true associationbe even more favorable for vaccination. Fourth, although case-patients and controls were matched based on age, sex, and date of initial infection, other unknown confounders might be present. Finally, this is a retrospective study design using data from a single state during a 2-month period; therefore, these findings cannot determine be used to infer causation. Additional prospective studies with larger populations are warranted to support these findings.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Not clear to the reader how WGS would be elucidating. Could better connect the dots for them. 	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L2. Iademarco. This should be able to be quantified and a comment on whether this is likely to shift the strength of association. 	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): We believe this would result in an underestimation of the OR.   We have no quantifiable numbers to present.  We often see a mismatch when there is a hyphenated last name or double last names.   If they aren’t exactly written in both databases, they don’t automatically merge.  However, case investigators spend time to gather immunization status and can ask for edits in the KYIR database to correct inconsistencies so they then match in NEDSS.  We did not look at how often these corrections occurred in this sample.	Comment by Iademarco, Michael (CDC/DDPHSS/CSELS/OD): L3. Iademarco. Does CDC or NIH have plans to do such studies, or are they underway?	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): I am unsure of any additional plans but I certainly hope additional studies are forthcoming.

These findings suggest that among persons with previous SARS-CoV-2 infection, full vaccination provides additional protection against reinfection. Among previously infected Kentucky residents, those who were not vaccinated were more than twice as likely to be reinfected compared with those with full vaccination. All eligible persons should be offered vaccination, including those with previous SARS-CoV-2 infections, to reduce their risk for future infection.
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Summary

What is already known about this topic?

Reinfection with human coronaviruses, including SARS-CoV-2, the virus that causes COVID-19, have has been documented. Currently, limited evidence is available on concerning the protection afforded by vaccination against reinfection with SARS-CoV-2 is available.

What is added by this report?

Among Kentucky residents infected with SARS-CoV-2 in 2020, vaccination status of those reinfected during May–June 2021 was compared with that of residents who were not reinfected. In this case-control study, being unvaccinated was associated with 2.34 times the odds of reinfection compared with being fully vaccinated.

What are the implications for public health practice?

To reduce their likelihood of for future infection, all eligible persons should be offered COVID-19 vaccine, even those with previous SARS-CoV-2 infection.

TABLE 1. Demographic characteristics of COVID-19 patients with reinfection (case-patients) and COVID-19 patients who were not reinfected (control participants) — Kentucky, May–June 2021

		Characteristic

		No. (%)



		

		Case-patients* (n = 246)

		Control participants† (n = 492)



		Age group, yrs



		18–29

		46 (18.7)

		89 (18.1)



		30–39

		37 (15.0)

		83 (16.9)



		40–49

		43 (17.5)

		80 (16.3)



		50–59

		44 (17.9)

		88 (17.9)



		60–69

		27 (11.0)

		51 (10.4)



		70–79

		28 (11.4)

		58 (11.8)



		≥80

		21 (8.5)

		43 (8.7)



		Sex



		Female

		149 (60.6)

		298 (60.6)



		Month of initial infection in 2020



		March

		0 (0)

		3 (0.6)



		April

		7 (2.8)

		11 (2.2)



		May

		2 (0.8)

		2 (0.4)



		June

		4 (1.6)

		11 (2.2)



		July

		8 (3.3)

		17 (3.5)



		August

		8 (3.3)

		13 (2.6)



		September

		13 (5.3)

		22 (4.5)



		October

		36 (14.6)

		78 (15.9)



		November

		72 (29.3)

		141 (28.7)



		December

		96 (39.0)

		194 (39.4)





* Case-patients were eligible for inclusion if initial infection occurred during March–December 2020, and a subsequent positive nucleic acid amplification or antigen test result was received during May–June 2021 (using date of specimen collection). Cases for analyses were restricted to persons aged ≥18 years at time of reinfection.

† Controls were matched by sex, age (within 3 years), and time of initial infection diagnosis (within 7 days).

TABLE 2. Association of SARS-CoV-2 reinfection* with COVID-19 vaccination status — Kentucky, May–June 2021

		Vaccination status

		No. (%)

		OR (95% CI)†



		

		Case-patients

		Control participants

		



		Not vaccinated

		179 (72.8)

		284 (57.7)

		2.34 (1.58-3.47)



		Partially vaccinated¶

		17 (6.9)

		39 (7.9)

		1.56 (0.81-3.01)



		Fully vaccinated§

		50(20.3)

		169 (34.3)

		Ref



		Total

		246 (100)

		492 (100)

		—





Abbreviations: CI = confidence interval; NAAT = nucleic acid amplification test; OR = odds ratio; Ref = referent group.

[bookmark: _Hlk78965549]*All case-patients (reinfected) and control participants (not reinfected) had previous SARS-CoV-2 infection documented by positive NAAT or antigen test results during March–December 2020. Reinfection cases was dwere identified defined as receipt ofby positive NAAT or antigen test results during May 1–June 30, 2021	Comment by Cavanaugh, Alyson (CHFS DPH DEHP): This sounds like a repeat confirmatory test was completed, in my opinion, and this is not a criteria we used.  We used a single positive NAAT or antigen test result in May or June.  I adjusted to make sure this was in line with methods.

† Estimated based on conditional logistic regression.

§ Case-patients were considered partially vaccinated if ≥1 dose of vaccine was received, but the vaccination series was either not completed or the final dose was received <14 days before their reinfection date. For control participants, the same criteria were applied, using the matched case-patient’s reinfection date.

¶ Case-patients and control participants were considered fully vaccinated if a complete COVID-19 vaccine series was received ≥14 days before the case-patient’s reinfection date.
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