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Centers for Disease Control
and Prevention (CDC)
Atlanta GA 30333

March 2, 2020

SENT VIA EMAIL

Allison Lucas

Siri & Glimstad

200 Park Ave

17th Floor

New York, NY 10166
foia@sirillp.com

Dear Ms. Lucas:

This letter is regarding to your Centers for Disease Control and Prevention and Agency for Toxic Substances
and Disease Registry (CDC/ATSDR) Freedom of Information Act (FOIA) request of December 31, 2019,
assigned #20-00379-FOIA, seeking:

“I1. Each and every email communication between January 1, 2017, and the present which includes
Amanda Cohn or her email address on the “To”, “From”, “Cc” or “Bcec” line and also includes
Stanley Plotkin or his email address on the “To”, “From”, “Cc” or “Bcc” line.

2. [Each and every email communication between January 1, 2017, and the present which includes
Amanda Cohn or her email address on the “To”, “From”, “Cc” or “Bcec” line and also includes
either of the terms “Advisory Committee on Immunization Practices” and/or “ACIP.”

3. Each and every email communication between January 1, 2017, and the present which includes
Amanda Cohn or her email address on the “To”, “From”, “Cc” or “Bcec” line and also includes

29 66 29 ¢ 29 ¢

any of the following terms: “vaccine hesitancy”, “antivaccine”, “antivaccination”, “anti-vaxx”,
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“anti-vax”, “antivax” and/or “antivaxx.”

We located 410 pages of responsive records (307 pages released in full or part; 94 pages withheld in full) are
retrievable by accessing the following link: 20-00379. Please be advised, the link will expire 30 days from
the date of this letter. Further, some information you requested falls under the jurisdiction of the
Department of Food and Drug Administration (9 pages). Should you have questions regarding the status of
the referred records, you may contact:

Food and Drug Administration (FDA)
Freedom of Information Officer

5630 Fishers Lane, Room 1035
Rockville, MD 20857

Phone: 301-796-3900

FOIA Officer: Sarah Kotler




Page 2 — Allison Lucas

After a careful review of these pages, some information was withheld from release pursuant to 5 U.S.C. §552
Exemptions 4, 5 and 6.

Exemption 5 protects inter-agency or intra-agency memorandums or letters which would not be available by
law to a party other than an agency in litigation with the agency. Exemption 5 therefore incorporates the
privileges that protect materials from discovery in litigation, including the deliberative process, attorney
work-product, and attorney-client privileges. Information withheld under this exemption was protected under
the deliberative process privilege. The deliberative process privilege protects the decision-making process of
government agencies. The deliberative process privilege protects materials that are both predecisional and
deliberative. The materials that have been withheld under the deliberative process privilege of Exemption 5
are both predecisional and deliberative, and do not contain or represent formal or informal agency policies or
decisions. Examples of information withheld include meeting minutes; policy discussion comments; draft
page proofs of Chapter 73 in Plotkin's Vaccines, ed 7, and draft Mumps document.

Exemption 6 protects information in personnel and medical files and similar files when disclosure would
constitute a clearly unwarranted invasion of personal privacy. The information that has been withheld under
Exemption 6 consists of personal information, such as meeting dial in numbers and passcodes, conference
identification numbers, and email addresses. We have determined that the individuals to whom this
information pertains has a substantial privacy interest in withholding it.

In accordance with the Department's implementing regulations, 45 CFR Part 5, no fees are due for
processing your request #20-00379-FOIA.

You may contact our FOIA Public Liaison at 770-488-6277 for any further assistance and to discuss any
aspect of your request. Additionally, you may contact the Office of Government Information Services
(OGIS) at the National Archives and Records Administration to inquire about the FOIA mediation services
they offer. The contact information for OGIS is as follows: Office of Government Information Services,
National Archives and Records Administration, 8601 Adelphi Road-OGIS, College Park, Maryland 20740-
6001, e-mail at ogis@nara.gov; telephone at 202-741-5770; toll free at 1-877-684-6448; or facsimile at
202-741-5769.

If you are not satisfied with the response to this request, you may administratively appeal by writing to the
Deputy Agency Chief FOIA Officer, Office of the Assistant Secretary for Public Affairs, U.S. Department of
Health and Human Services, Hubert H. Humphrey Building, 200 Independence Avenue, Suite 729H,
Washington, D.C. 20201.You may also transmit your appeal via email to FOIARequest@psc.hhs.gov.
Please mark both your appeal letter and envelope “FOIA Appeal.” Your appeal must be postmarked or
electronically transmitted by Monday, June 1, 2020.

Sincerely,

Roger Andoh

CDC/ATSDR FOIA Officer

Office of the Chief Operating Officer
Phone: (770) 488-6399

Fax: (404) 235-1852

Enclosures
#20-00379-FOIA



From: Marin, Mona (CDC/CID/NCIRD)

Sent: 12 Jul 2017 16:45:11 -0400

To:

Kelly.Moore@tn.gov;Romerolose@uams.edu;phunte@milwaukee.gov;Pellegrini, Cynthia;Rubin, Steven
(FDA/CBER});Zucker, Jane R. (CDC health.nyc.gov};noltd@ohsu.edu;Baker, Carol {CDC
bem.edu};EvenS@health.missouri.edu;DeBolt, Chas {DOH);Groom, Amy V. (IHS/HQ);Seward, Jane
{CDC/OID/NCIRD) (CTR);Quinlisk, Patricia {CDC idph.iowa.gov);McLean Phd, Huong
Q;MLMartinez@salud.unm.edu;Shalini Desai;Stanley Plotkin

Cc: HoganTanyaG @UAMS.edu;Patel, Manisha M. {CDC/OID/NCIRD});Routh, Janell A.
{CDC/OID/NCIRD);Ctemmaons, Nakia {CDC/OID/NCIRD}; Ayers, Tracy (CDC/OID/NCIRD);Rota, Paul
{CDC/OID/NCIRD);Hickman, Carole {CDC/QID/NCIRD);Wharton, Melinda {CDC/OID/NCIRD);Zhou,
Fangjun {CDC/OID/NCIRD);Wodi, Akpobome (CDC/OID/NCEZIDY; Maiuri, Allison M.
{CDC/OID/NCIRD);Mason, Karen A, (CDC/OID/NCIRD);Latner, Don (CDC/OID/NCIRD};Pallansch, Mark A.
{CDC/OID/NCIRD);Cohn, Amanda {CDC/OID/NCIRD};Ortega-Sanchez, Ismael {CDC/OID/NCIRD);Marlow,
Mariel Asbury (CDC/OID/NCIRD};Lee, Adria (CDC/OID/NCIRD) (CTR)

Subject: ACIP Mumps WG - conf call 7/13

Attachments: 1_Results 1st WG survey_WG call_luly 13 2017.pptx, 2_Policy discussions
overview_WG call_July 13 2017.pptx, Minutes Jlune 8, 2017.docx, Patel_Mumps in a highly vaccinated
population, NYC 2014_CID2017.pdf

Dial In Number:
Participant pas:
Agenda: Thursday, July 13, 2017, 3:30 pm ET
1. Roll call and administrative issues (Mona Marin/Kelly Moore)

2. Re-cap of mumps session at June ACIP meeting (Mona/Kelly)
3. Results of 1°* WG survey {Mona)
4

Policy discussion overview: current guidance for mumps outbreak control, ACIF process,

proposed framework for WG policy discussions (Mona}

w

WG discussion and interpretation of the scientific evidence
6. Otherissues or questions/summer WG schedule (Mona/Kelly)

Next call: Thursday, July 27 @ 3:30 pm EST
e Topics
o Continue WG discussion and interpretation of the scientific evidence
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Element of framework WG interpretation of Estimate the confidence in
the evidence the interpretation (OR quality
of evidence that supports the
interpretation)™

1. ...
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From: Stetz, Carrie L G. (ELS-STL)

Sent; 23 Feb 2017 14:47:20 +0000

To: Cohn, Amanda (CDC/OID/NCIRD)

Cc: stanley.plotkin@vaxconsult.com;kathryn.edwards@vanderbilt.edu
Subject: Chapter 73: "Plotkin's Vaccines," ed 7

Attachments: 73 Plotkin Reference Renumbering Export File.doc,
secured__Plotkin_7616_Chapter_73_main_LN.pdf

importance: High

Greetings:

Attached are page proofs of Chapter 73 in Platkin’s Vaccines, ed 7. Please review the proofs at your
earliest conrnrinnen ~nd rakien thae +onoes sveention by Monday, March 6, copying the section editor,
Dr. Edwards on your response. Please make your comments directly
on the PDF anu we suie w answer auy auwiur queries, Please note that this chapter is being proofread
simultaneously with your review, so you may see a few typographical errors. {Nate: significant reference
renumbering was necessary in this chapter; the attached Word file explains the changes.)

If you have any questions, feel free to contact me at any time. Thank you,

Carrie

Carrie Stetz

Raninr Braingt Manager/Specialist
Global Book Production
8925 office

o I AAT OO Fans



From: Cohn, Amanda (CDC/OID/NCIRD)

Sent; 27 Jul 2017 13:04:24 +0000

To: Stanley Plotkin

Cc: Patel, Manisha M. (CDC/OID/NCIRD}
Subject: FW: Mumps WG

From: Marin, Mona {CDC/OID/NCIRD)

Sent: Friday, March 03, 2017 3:44 PM

To: Stanley Plotkin <stanley.plotkin@vaxconsult.com>
Cc: Cohn, Amanda (CDC/OID/NCIRD} <ancO@cdc.gov>
Subject: RE: Mumps WG

From: Stanley Plotkin

Sent: Wednesday, Febiuary 10, 2utr .09 riv
To: Marin, Mona (CDC/OID/NCIRD)

Cc: Cohn, Amanda (CDC/OID/NCIRC

Subject: RE: Mumps WG









The one issue we did not discuss is the conflict of interest disclosures. We do have some guidelines for
WG participation that may limit your role in the policy discussions, depending on your current financial
relationships. But, regardless you can participate as an expert during the science discussions.

Mona will follow-up with information. Thanks for considering participating!
Amanda

Amanda Cohn, MD

CDR, US Public Health Service

Executive Secretary

Advisory Committee on Immunization Practices
NCIRD/CDC

Office: 404-639-6039

Cell: 404-451-6204

Email: acohn@cdc.gov

Centers for Disease Control and Prevention (CDC) Roybal Campus
1600 Clifton Road MS A-87
Atlanta, GA 30329-4027



From: Cohn, Amanda (CDC/OID/NCIRD)

Sent: 14 Feb 2017 15:36:48 +0000

To: Stanley Plotkin

Cc: Marin, Mona (CDC/OID/NCIRD);Patel, Manisha M. (CDC/OID/NCIRD}
Subject: Mumps WG

Hi Dr. Plotkin,

| spoke to Mona Marin and Manisha Patel, the CDC leads for mumps, who would be thrilled if you could
join the ACIP Mumps WG as an expert consultant, or in whatever capacity you are able to contribute to
the discussions. Mona is working on the times of the calls with the ACIP voting members, and can send
you some follow-up information.

The one issue we did not discuss is the conflict of interest disclosures. We do have some guidelines for
WG participation that may limit your role in the policy discussions, depending on your current financial
relationships. But, regardless you can participate as an expert during the science discussions.

Mona will follow-up with information. Thanks for considering participating!
Amanda

Amanda Cohn, MD

CDR, US Public Health Service

Executive Secretary

Advisory Committee on Immunization Practices
NCIRD/CDC

Office: 404-639-6039

Cell: 404-451-6204

Email: acohn@cdc.gov

Centers for Disease Control and Prevention (CDC} Roybal Campus
1600 Clifton Road MS A-87
Atlanta, GA 30329-4027



From: Patsy Stinchfield

Sent; 13 Nov 2018 16:27:05 -0600

To: _ }Cohn, Amanda (CDC/DDID/NCIRD/OD);Amy
Pisani-'Frira DeWald';Ashley Shelb }'Dorit Reiss';Karen

Ern: |;Pau|0f'fit;kirsten thistle;Deborah L. Wexler;Hinman, Alan {CDC
tasktorce.org);Stanley Plotkin

Subject: Re: [EXTERMAL] FW: Request time for public comment at next February ACIP
meeting

Attachments: Patsy Stinchfield.vcf

Hi All;

| have added Amanda Cohn to this email regarding changes to public comment for everyone's situational
awareness. | am glad to see that public response below to you Deborah from ACIP which should signal to
all there will be changes.

| checked the "Inundate Feb 2019 CDC ACIP" Facebock page and they are aware and talking about
changes to comment period (Tia Severino, their event organizer who brought her son to the last meeting
is saying changes will be after the Feb meeting). There are 62 people who say they are attending, 141
who say they are interested and 53 shares and over 702 likes on their Facebook page.

Here are some of their comments, some are worrisome:

Someone points out there is not a guarantee of any verbal comment time. The group is still encouraging
people to attend though they may not be able to comment, some are saying they are not willing to travel
if they cannot speak and tell their story. Others are saying it would be geod just to meet other Moms "on
our crazy journey”. Some are saying they want to bring their children "twins with autism from vaccines”
and Tia is encouraging them to do so and just take them out if needed. Others are saying it is a leng
boring day for adults so would be hard for kids sc bring a back up babysitter. They are encouraging more
men to attend and one (Themas Milcarek) responded "See you in 3 months Mr. Proffitt--| will have a
different way of talking to this guy. | will not be, so to speak, so gentle with a gquy who | think is killing and
maiming children with his way of doing things...| almost died from Tdap vaccine which has left me suicidal
for 2 years...} have personal perspective let alone a deep anger | have for all the beautiful children these
policies are harming”.  Some are saying these public comment changes are "a way to silence us and
censor everything." One suggested a “class action lawsuit against each ACIP voter personally and
individually". One woman says if her tax returns come back early (sad} she may be able to attend which
makes me question if they are being funded to attend. They have taken their planning off this public
Facebook site and Tia Severino (the organizer) has set up a private group called "Speak Truth to Power”
#SayitNow so they can plan travel together privately.

Amanda, in addition to the good list of interventions you are working on, | would make sure all of the
voting and liaison members are aware in advance of the potential for drama (for lack of a better word; at
the Feb meeting for their own informed decision-making. ! would also post on your website that

you discourage children from attending, though | doubt you could prohibit it. (Many conferences have
tanguage around this). There are many reasons why | don't think kids belong there including the stress to
the kids seeing adults cry while they talk about their child who died and watching adults get upset and
yell at other adults. It's too much for them.

Thanks for your efforts all.












From: Marin, Mona (CDC/QID/NCIRD)

Sent: 8 Mar 2017 17:15:45 -0500

To:

Kelly.Moore@tn.gov;Romerolose@uams.edu;phunte@milwaukee.gov;Pellegrini, Cynthia;Rubin, Steven
(FDA/CBER});Zucker, Jane R. (CDC health.nyc.gov};noltd@ohsu.edu;Baker, Carol {CDC
bem.edu};EvenS@health.missouri.edu;DeBolt, Chas {DOH);Groom, Amy V. (IHS/HQ);Seward, Jane
{CDC/OID/NCIRD) (CTR);Quinlisk, Patricia {CDC idph.iowa.gov);McLean Phd, Huong
Q;MLMartinez@salud.unm.edu;Shalini Desai;Stanley Plotkin

Cc: HoganTanyaG @UAMS.edu;Patel, Manisha M. {CDC/OID/NCIRD});Routh, Janell A.
{CDC/OID/NCIRD);Ctemmaons, Nakia {CDC/OID/NCIRD}; Ayers, Tracy (CDC/OID/NCIRD);Rota, Paul
{CDC/QID/NCIRD);Hickman, Carole {CDC/QID/NCIRD);Wharton, Melinda {CDC/OID/NCIRD);Zhou,
Fangjun {CDC/OID/NCIRD);Wodi, Akpobome (CDC/OID/NCEZID};Lee, Adria (CDC/QID/NCIRD)
{CTR);Maiuri, Allison M, {CDC/QID/NCIRD};Mason, Karen A. {CDC/QID/NCIRD};Latner, Don
{CDC/OID/NCIRD);Pallansch, Mark A. {CDC/OID/NCIRD);Smith, Jean Clare (CDC/OID/NCIRD);Cohn,
Amanda {CDC/OID/NCIRD);Guo, Angela {CDC/QID/NCIRD} (CTR});Ortega-Sanchez, Ismael
(CDC/OID/NCIRD)

Subject: RE: ACIP mumps WG - conf call 03/05/17

Attachments: 1_Mumps WG Intro_Moore_WG call_March 2017_pic.ppt, 2_Mumps
Background_Marin_WG call_March 2017 _pic.pptx, 3_AR Outbreak_Routh_WG call_March

2017 pic.pptx

——

Agenda: Thursday, March 9, 2017, 3:30-5:00 pm ET
1. Roll call (Mona Marin}

» 2-3 sentence introduction of each member

Welcome and thank you (Kelly Moore}
. Conflict of interest policy and confidentiality (Mona}
4. Mumps ACIP WG: introduction (Kelly)
o  Terms of reference with discussion
e Proposed WG/ACIP timeline
5. Background on mumps: disease, transmission, diagnosis, ACIP recommendations, epidemioclogy
in the United States (Mona}/Discussion
6. 2016 Arkansas mumps outbreak {Janell Routh)/Discussion
7. Other issues or questions (Mona)
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From: Lee, Adria (CDC/OID/NCIRD) {CTR)

Sent: 10 May 2017 15:32:34 -0400

To: Marin, Mona
{CDC/OID/NCIRD);Kelly.Moore@tn.gov;Romerolose @uams.edu;phunte @milwaukee.gov;Pellegrini,
Cynthia;Rubin, Steven {FDA/CBER};Zucker, Jane R. {CDC health.nyc.gov);noltd@ohsu.edu;Baker, Carol
{CDC bem.edu);EvenS@health.missouri.edu;DeBolt, Chas {DOH);Groom, Amy V. (IHS/HQ);Seward, Jane
{CDC/OID/NCIRD) (CTR);Quinlisk, Patricia {CDC idph.iowa.gov);McLean Phd, Huong
Q;MLMartinez@salud.unm.edu;Shalini Desai;Stanley Plotkin

Cc: HoganTanyaG@UAMS.edu;Patel, Manisha M. {CDC/OID/NCIRD});Routh, Janell A.
{CDC/OID/NCIRD);Ctemmons, Nakia {CDC/OID/NCIRD};Ayers, Tracy (CDC/OID/NCIRD);Rota, Paul
{CDC/OID/NCIRD);Hickman, Carole {CDC/QID/NCIRD);Wharton, Melinda {CDC/OID/NCIRD);Zhou,
Fangjun {CDC/OID/NCIRD);Wodi, Akpobome (CDC/OID/NCEZIDY; Maiuri, Allison M.
{CDC/OID/NCIRD);Mason, Karen A, (CDC/OID/NCIRD);Latner, Don (CDC/OID/NCIRD};Pallansch, Mark A.
{CDC/OID/NCIRD);Cohn, Amanda {CDC/OID/NCIRD};Ortega-Sanchez, Ismael {CDC/OID/NCIRD);Marlow,
Mariel Asbury (CDC/OID/NCEZID);Cardemil, Cristina (CDC/OID/NCIRD}

Subject: RE: ACIP mumps WG - conf call 05/11/17

Attachments: 2_3-dose epi studies_Marin_WG call_May 11 2017.pptx, 3_MMR3 lab
studies_McLean_latner_WG call_May 11 2017.pptx, Barskey_Mumps resurgencies in the US_Vaccine
2009.pdf, Fiebelkorn_Mumps antibody response to a 3rd dose of MMR_QFID2014.pdf, Minutes April 27,
2017.docx

Join bv nbone
ita Dial-in Conference Region) English {(United States)
ita Dial-in Conference Region) English {United States)

Agenda: Thursday, May 11, 2017, 3:30 pm ET
1. Roll call and Administrative issues {Mona Marin/Kelly Moaore)

2. Effectiveness of the 3rd dose of MMR vaccine in a mumps outbreak in a highly vaccinated
university population, lowa, 2015-2016 (Cristina Cardemil}



3. Published studies of the 3rd dose MMR for mumps outbreak control {Mona)
4. Laboratory studies of the 3rd dose MMR (Huong McLean/ Don Latner)
5. QOther issues or questions {(Mona/Kelly)

Next call: Thursday, May 25 @ 3:30 pm EST
* Topics
o Safety of 3rd MMR dose
o New York City experience with mumps outbreaks

From: Marin, Mona {CDC/OID/NCIRD)

Sent: Tuesday, May 03, 2017 2:08 PM

To: Kelly.Moore@tn.gov; Romerolose@uams.edu; phunte@ milwaukee.gov; Pellegrini, Cynthia
<CPellegrini@marchofdimes.org>; Rubin, Steven (FDA/CBER) <Steven.Rubin@fda.hhs.gov>; Zucker,
Jane R. (CDC health.nyc.gov) <fZucker@Health.nyc.gov>; noltd@ohsu.edu; Baker, Carol {CDC bcm.edu)
<cbaker@bcm.edu>; EvenS@health.missouri.edu; DeBolt, Chas (DOH} <Chas.DeBolt@DOH.WA.GOV>;
Groom, Amy V. (IHS/HQ) <Amy.Groom@ihs.gov>; Seward, Jane (CDC/OID/NCIRD) {CTR)
<jfs2@cdc.gov>; Quinlisk, Patricia {CDC idph.iowa.gov} <patricia.quinlisk@idph.iowa.gov>; McLean
Phd, Huong G <mclean.huong@marshfieldclinic.org>; MLMartinez@salud.unm.edu; Shalini Desai
<shalini.desai@phac-aspc.gc.ca>; Stanley Plotkin <stanley.plotkin@vaxconsult.com>

Cc: HoganTanyaG@UAMS.edu; Patel, Manisha M. {CDC/QID/NCIRD) <dvnd@cdc.gov>; Routh, Janell A,
(CDC/OID/NCIRD) <iypl@cdc.gov>; Clemmons, Nakia (CDC/QID/NCIRD) <xjbd@cdc.gov>; Ayers, Tracy
(CDC/OID/NCIRD) <eyk6@cdc.gov>; Rota, Paul (CDC/OID/NCIRD) <parl@cdc.gov>; Hickman, Carole
(CDC/OID/NCIRD) <cjh3@cdc.gov>; Wharton, Melinda {CDC/QID/NCIRD} <mew2@cdc.gov>; Zhou,
Fangjun (CDC/QID/NCIRD) <fazl @cdc.gov>; Wodi, Akpobome (CDC/QID/NCEZID) <lgz1@cdc.gov>; Lee,
Adria {CDC/QID/NCIRD) (CTR) <xda5@cdc.gov>; Maiuri, Allison M. (CDC/CID/NCIRD) «fpg3@cdc.gov=;
Mason, Karen A, (CDC/QID/NCIRD} <bbx3@cdc.gov>; Latner, Don {CDC/OID/NCIRD) <grg2 @cdc.gov>;
Pallansch, Mark A, (CDC/QID/NCIRD} <mapl@cdc.gov>; Cohn, Amanda (CDC/QID/NCIRD)
<ancO@cdc.gov>; Ortega-Sanchez, Ismael (CDC/QID/NCIRD) <iao8@cdc.gov>; Marlow, Mariel Asbury
(CDC/QID/NCEZID) <klt8 @cdc.gov>; Cardemil, Cristina (CDC/QID/NCIRD) <ivk8 @cdc.gov>

Subject: ACIP mumps WG - conf call 05/11/17




















































































Fiebelkorn, A.P., et al., Mumps antibody response in young

adults after a third dose of measles-mumps-rubelia vaccine. Mu mps |HG_ bV E_L'SA followi ng MMR3Com me rcial E_L'SA ‘WhOIG_

Cpen Forum Infect Dis, 2014. 1(3): p. ofu084.

virus; Enders strain — genotype A)Antigen-Specific ELISA
{recombinant NP and HN; Jeryl Lynn — genotype A) Latner, D.R.,
et al., Clin Vaccine Immunol, 2014. 21(3): p. 286-97.Statistically
significant increases for each methodTrend toward baseline by 1
year post-MMR3
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Baseline vs. 1 Year post-MMR3 antibody measurements
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SummaryAccording to 1gG ELISAs specific for mumps HN, NP, and whole virus, MMRS3 resulted in

modest overall elevation in individual antibody levels at 1 month and 1 year post-MMR3 as
compared to baseline.The correlation between antibody measurements at baseline and
subsequent time points indicates there is a set point for individual antibody levels that is
minimally affected by MMR3.Poor correlation among tests — unable to predict PRNT from ELISA
datals there a protective Role for non-neutralizing antibody? Need for tests to measure antibody

to other components (fusion protein)
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Fig. 3. Period of the First Resurgence, 1983-1992, Monthly mumps cases (bars}: cases of mumps reported to CDC by month of onser date are shown in bars: cases that
gocurred January to June {dark bars) and cases that occurred July to December (white bars). Annual mumps incidence (solid line): number of annual cases reported to COC

per 100,000 US population.

I stated; “...mumps has appeared most frequently among rural
rather than urban troops. Our nerrentage has been 85 per cent
rural and 15 per cent urban. Another World War 1 report
attributed this rural preponder ylack of prior exposure: “They
had not been accustomed, like their urban cousins, to epidemics of
any sort and therefore, from their lack nf immunity, geographically
furmished goad sail for the virus

1.2, Period of Vaccination Implementation: 1968-1982

Progress toward universal childhood vaccination was gradual.
In 1967, after mumps vaccine licensure, the Advisory Commit-
tee on !mmunization Practices {ACIP) stated the “vaccine may
be cansidered for use in children approaching puberty, in ado-
lescents, and in adults, especially =-~'7s," but “the vaccine is
not recommended for routine use” In 1968, this was mod-
ified to indicate “that consideratiol, v given to immunizing all
susceptible children over 1 year of age” Finally, in 1977,

ACIP recommended nrene yaccination “for all children at any
age after 12 months” Annual mumps coverage rates for
24-month olds rangen s-80% according to a national survey
conducted 1979-198: Enactment of school mumps vaccina-
tion requiremants was giawdal: by 1982 twenty states still lacked
such law: However, because combined MMR was used in
schooi-ba___ __easles elimination efforts, 95% of school enter-
ers had been vaccinated for mumps according t 2 survey,
though state-specific rates were as low as 69% fhe num-
ber of reported mumps cases decreased by 9... ...apared to
the Pre-Vaccine Era; 152,209 (incidence 88{100,000) in 1968 to
5270 fincidenra 2 5{100,000) in 1982. Winter-spring seasonality
persis J, but the 3-year cycles were gradually elimi-
nated though incidence declined across all age groups,
reducuon was mieatest in the primary school ages targeted for
immmizatinn producing a relative up-shift in the age of case-
patie However, the peak atfack rate remained age 5-14
year.
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Fig. 4. Highest incidence states in the Period of the First Resurgence, 1883-1892. The ten states shown along the y-axis had the highest aggregate incidence reported to CDC
during 1983-1992. Annual incidence for each state is shown on the z-axis. Bracketing years 1980-1982 and 1993-1995 are shown in shaded colors.
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Mumps Antibody Response in Young Adults
After a Third Dose of Measles-Mumps-Rubella
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Background. Mumps outbreaks in populations with high 2-dose measles-mumps-rubella (MMR) vaccine
coverage raise the question whether a third dose of MMR vaccine (MMR3) is needed. However, data on the immu-
nogenicity of MMR3 are limited. We assessed mumps virus neutralizing antibody levels pre- and post-MMR3 in a
noenoutbreak setting.

Methods. Mumps antibody titers were assessed at baseline, 1 month, and 1 year after MMR3 in subjects aged
18-28 years.

Results.  Atbaseline, 5 of 656 (0.8%) subjects had seronegative mumps neutralizing antibedy titers and 38 (5.8%)
had low titers. One year post-MMR3, these numbers declined to 3 {(.5%) and 16 (2.4%), respectively. Subjects with
low baseline titers were more likely to have low 1-month and 1-year titers {R* = 0.81-0.87, P <.0001). Compared to
baseline, geometric mean titers were significantly higher at 1 month (P <.0001) and 1 year (P <.01) post-MMR3;
however, reverse cumulative distribution curves showed only minimal shifts in mumps titers from baseline to
1 month and 1 year,

Conclusions. Very few subjects had negative or low baseline mumps titers. Nonetheless, mumps titers had mod-
est but significant increases when measured 1 month and 1 year post-MMR3. This temporary increase in titers could
decrease susceptthility to disease during outbreaks, but may have limited value for routine use in vaccinated

populations.

Keywords. mumps; third-dose measles-mumps-rubella (MMR} vaccine; mumps immunogenicity; vaccine-

preventable disease; immunization.

Muinps is an acute viral disease that classically presents
with parotitis. Serious co. “rations include orchitis,
deafness, and encephaliti . A monovalent mumps
vaccine was licensed in 1967, and in 1977, the Advisory
Committee on Immunization Practices {ACIP) recom-
mended universal childhood vaccination with 1 dose

In 1989, the ACIP recommended that school-aged

Received 20 July 2014; accepted 16 September 2014

IPresent affiliation: Abbott Mutritian, Columbus, Ohin.

"Dereased.

Correspondence: Amy Parker Fiebelkom, National Center for Immunization and
Respiratory Diseases, Lenters for Disease Control and Prevention, 1600 Clifton
Rd, M5 A-3, Atlanta, (G4 30333 {ahebalkorndode gov).

Open Forum lnfecticus Diseases

Published by Gxford Univensity Press on behalf of the Infectious Diseases Socery of
Arnerica 2014 This work is written iy lab US Government emploves(s| and is in the
public demain in the LS.

DO 10,1093/ ofid/ofudBd

children receive 2 doses of measles-mumps-rubella
(MMR) vaccine for improved measles control, with
the first dose at age 15 months (high-risk areas} or 12
months (non-high-risk areas) and the second dose at
age 4-6 vears Vaccine coverage against mumps in-
creased, which was associated with a »>99% decline
in disease incidence compared with the prevaccine era

. Following this success, the Healthy People 2010
goal of mumps elimination was establishec How-
ever, unlike measle md rubellk mumps elimi-
nation in the Unitea »rates was never documented.
The current Healthy People 2020 mumps goal is to
reduce the nimber of US-acquired cases, rather than
eliminatior

Between 2006 and 2013, several large mumps out-
breaks occurred in the United States and abroad, primar-
ily among 2-dosed vaccinated school-aged children and
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Excluded because already
received third MMR dose,
ineligible {other reasons),
refused, unable ta reach
after 8 attempts
n=87

Cohort 1 subjects contacted

n=200

n=1795

Cohort ? subjects contacted

Cohart 1 subjects enrolied

n=113

n=572

LCohort 2 subjects enrolled

Excluded because already
received third MMR dose,
ineligible {ather reasons},
refused, unable to reach
after 8 attempts
n=1223

Total subjects enrolled
=685

Had baseline mumyps titers
drawn
n=678

Excluded because did not
hawe sera drawn [or did not
have sufficient sera drawn
ta analyze mumps titers)
n=7

Excluded hecause did not
receive third MMR dose
n=20

Total number of subjects analyzed {received
third MMR dase and completed at least 1

of the follow-up draws)
n=656:
655 completed 1-month draw*
612 completed 1-year draw™

Excluded because only had
baseline data
n=2

*Not mutually exclusive, Some subjects completed 1-month draw who did not complete 1-year draw, and some subects completed 1-pear draw who did

nat comgplete 1-month deaw.

Figure 1. Flow chart for enroliment, analysis, and vaccination of subjects with a third dose of measles-mumps-rubella {MMR} vaccine.

became low-seropositive. Of the 38 low-seropositive subjects
at baseline, 29 were high-seropositive 1 month post-MMR3,
9 were low-seropositive, and none were negative. One year
post-MMR3, 35 of 38 had serum samples drawn, of whom 15
were high-seropositive, 14 were low-seropositive, and 2 were
seronegative.

Overall, at 1 month post-MMR3, ¢ of 655 subjects had neg-
ative mumps titers, 10 (1.5%) had low-seropositive titers, and
645 (98.5%) had high-seropositive titers. One year post-MMR3,
3 0of 612 (0.5%) subjects had negative mumps titers, 16 (2.6%) had
low-seropositive liters, and 593 (96.9%) had high-seropositive
titers, A majority of subjects with high-seropositive titers were
in the upper end of the titer distribution at baseline, 1 month,
and 1 year (Figur

GMTs and Reverse Cumulative Distribution Curves

GMT's were statistically different between baseline and 1 month
post-MMR3 (104.1 vs 159.2; P <.0001), as well as between
baseline and 1 year post-MMR3 (104.1 vs 125.9; P < .01}. How-
ever, as shnwn in the reverse cumulative distribution curves
(Figure the shift in mumps titers from baseline to 1
month to | year was minimal. The shape and distribution of

the curves at all 3 time points was nearly identical when
using untransformed mumps titers and transformed titers on
a logarithmic scale.

Four-Fold Rises

Forty of 655 (6.1%) subjects had 4-fold rises from baseline to 1
month post-MMR3, of whom 4 had negative baseline titers, 11
had low baseline titers, and 25 had positive baseline titers. Thir-
teen of 612 {2.1%) subjects had 4-fold rises from baseline to 1
year post-MMR3, of whom 2 had negative baseline titers, 3 had
low baseline titers, and 8 had positive baseline titers. There were
no subjects with a 4-feld rise in titer from 1 month to 1 year.

Rigk Factors for Negative or Low-Seropositive Mumps Titers
By x* analysis, sex, race/ethnicity, military member, post-
secondary school attendance, number of household members,
current illnesses, and current medications were not associated
with negative or low-seropositive murmnps titers at baseline,
1 month, or 1 year post-MMR3 (Tab

Significant risk factors for negative or low baseline mumps
titers by x” analysis were age at first MMR dose (odds ratio
[OR] = 2.58; 95% confidence interval [CI], 1.08-6.13; P = .03}
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A Comparison of baseline titer levels and 1-month post-third MMR dose titer levels n =655
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Figure 4. A, Comparison of individual mumps titer levels at baseline and 1 month following a third dose of measles-mumps-rubella {MMR] vacoine.
Circles represent individual titer levels. The dark solid line represents the linear regression of the best-fit of the comparison. The light shading around the
line represents the 95% confidence interval. The dotted lines represent the 95% confidence limit. B, Comparison of individual murmnps titer levels at baseline
and 1 year following a third dose of MMR vaccine. Circles represent individual titer levels. The dark solid line represents the linear regression of the best fit
of the comparison. The light shading around the line represents the 95% confidence interval. The dotted lines represent the 95% confidence limit.

However, only 52.5% of subjects with low or negative baseline
titers sustained high titers 1 year post-MMR3. Overall, titers
relurned to near-baseline levels 1 year later, which does not sup-
port routine administration nf a third MMR dose.

Even though the mumps component of the MMR vaccine is
the least effective of the 3 antigens, with a 1-doe= ~na ?-doge
vaccine effertivences ranging from 49% to 21% and
66% to 95%
ally suffici¢... v puoo..nt large-scale transmissicn. During
2006-2012, a median of 454 cases was reported in the United
States annually; when outbreaks cccurred, they were primarily

respectively, 2 MMR doses are gener-

contained to the affected group (eg, school-aged children, col-
lege studenls, insulated religious communities, inmates), with
minimal spread to the broader community.

Although timing of the administration of the first and second
doses of MMR vaccine significantly alfected mumps titer levels
later in life, these findings represented only a small proportion
of the population. Nonetheless, individuals who received their
first MMR dose at the earlier end of the recommended age
range spectrum (12 to <15 months) had nearly 3 times the odds
of low or negative baseline mumps titers compared with those
who had their first dose at >15 months. However, unpublished
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data from previous outbreaks in New York and Guam did not
find that those who received their first MMR dose at age 12 to
<15 months vs > 15 months were more likely to become infected
with mumps (CDC, unpnblished data). We found that subjects
who received their second dese more recently had a protective
effect. Research shows conflicting findings regarding an associ-
ation between vaccine failure and increasing time since vaccina-
tion, with a positive correlation fo ne studies

and no association found in other

Subjects with high baseline antiboay 1eveis tended to stay high
over time, and those with lower levels tended to stay lower. This
finding suggests there may be an inherent trajectory for inuinps
antibody production based on an individual’s baseline titers (ie,
some individnals may be predisposed to lower mumps titers or
higher mnmps titers, irrespective of the nnmber of additional
doses of mumps-containing vaccine they receive).

Although the antibody threshold that provides protection
against mumps disease has not been establishe: a prospec-
tive study published in 1969 found that clinical mumps during
an outbreak did not occur in individuals with titers >8 mIU/
mlL; how zven lower titers offered protection to some indi-
viduals In a recent outbresk-related study conducted
among MK vaccinees, significantly higher neutralizing anti-
body titers appeared to be associated with protection, although
no antibody titer unambiguously discriminated cases from non-
caset Without a correlate of immunity, we cannot assume
that ww presence of antibodies below the arbitrary cutoff is in-
sufficient to offer protection, nor can we postulate that the pres-
ence of antibodies at or above the cutoff necessarily provides
protection from mumps infection.

Sirr -~ *2 results previously reported in the longitudinal
study <1% of subjects in the current study had negative
baseline wers, In contrast, whereas 20% of subjects in the lon-
gitudinal study had low neutralizing baseline antibody titers,
only 5.8% of subjects in the current study possessed low neutral-
izing baseline titers. This likely reflects that in the longitudinal
study, subjects at baseline had previously received 1| MMR dose,
whereas, in our current stndy, subjects at baseline had previous-
ly received 2 MMR doses. This also likely explains why only
2.1% of snbjects in the present study vs 50% in the longitndinal
study demonstrat=4 » 1-fold rise in titer (rom baseline 1o 1 year
postvaccination Also, numerous studies have found
mumps virus neutralizing antibody titers to be dependent on
the challenge virus strain used in the assay Whereas
the Barnes challenge virus strain was used in the neutralization
assay during the longitudinal study, the Jeryl Lynn strain was
used during the current study.

Our study has limitations. Subjects resided in predominantly
rural areas and self-declared as non-Hispanic white. Thus, they
are not representative of the US population. Selection bias may
have been present in cohort 1, because MMR3 was only offered

to those who had a low or negative measles, mumps, or rubella

titer during the longitudinal studv. The number of subjects not
receiving MMR3 was small, which prevented us from having an
adeqnate comparison group. Although the refnsal rate among
subjects was high, participation bias based on baseline titer cat-
egory was unlikely, because individuals were unaware of their
baseline titer levels.

Overall, mumps virus neutralizing antibody titers initially
increased in response to MMR3 but declined to near-baseline lev-
els 1 vear later. Nonetheless, the temporary boosting at 1 month
might be sufficient tw help control outbreaks if the appropriate
population is targeted. Although these quantitative findings
show limited application of a third dose of MMR vaccine for rou-
tine use, future studies on qualitative aspects of the mumps
iinmune response (eg, antibody avidity, B-cell memory, or cellu-
lar-mediated immune responses) are necessary to determine
whether MMR3 might be benefictal in nonoutbreak settings.
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The Science of Vaccine Safety

Vaccines are everywhere hugely successful but are also under attack. The reason for the
latter is the perception by some people that vaccines are unsafe. However that may be, vaccine
safety, life any other scientific subject, must be constantly studied. It was from this point of
view that a meeting was organized at the Wellcome Trust in London in May 2019 to assess
some aspects of vaccine safety as subjects for scientific study. The objective of the meeting was
to assess what is known beyond reasonable doubt and conversely what areas need additional
studies. Although the meeting could not cover all aspects of vaccine safety science, many of the
most important issues were addressed by a group of about 30 experts to determine what is
already known and what additional studies are merited to assess the safety of the vaccines
currently in use. The meeting began with reviews of the current situation in different parts of
the world, followed by reviews of specific controversial areas, including the incidence of
certain conditions after vaccination and the safety of certain vaccine components. Lastly,
information about the human papillomavirus vaccine was considered because its safety has
been particularly challenged by vaccine opponents. The following is a summary of the meeting
findings. In addition to this summary, the meeting organizers will explore opportunities to

perform studies that would enlarge knowledge of vaccine safety.



General Remarks [Offit]

Any medical product that has a positive effect can have a negative effect. Vaccines are
no different. Serious adverse events following vaccination have been reported since the first
vaccine {smallpox) was developed. Historically, real vaccine safety issues include eczema
vaccinatum, progressive vaccinia, congenital vaccinia, myopericarditis, encephalopathy, and
encephalitis caused by the smallpox vaccine[1] as well as seizures, paralysis, and coma caused

by nervous tissue-based rabies vaccines contaminated with myelin basic protein.[2]

Two historical tragedies were also noted. In 1929, a laboratory error in Lubeck,
Germany, resulted in the inadvertent inoculation of 250, 10-day old children with
Mycobocterium tuberculosis instead of attenuated Mycobocterium bovis (BCG). Seventy-two
infants died as a result of the mistake.[3] Also, in 1955, Cutter Laboratories failed to fully
inactivate a poliovirus vaccine. As a consequence, about 120,000 children were inoculated with
live, fully virulent poliovirus. When the dust settled on this man-made polio epidemic, 70,000
people developed abortive, short-lived polio, 164 people were paralyzed, and 10 were killed.

This was arguably one of the worst biological disasters in American history.[4]

More recently, the oral polio vaccine was shown to be a rare cause of paralysis, affecting
about 1 person per 2.4 million doses.[5] Measles-containing vaccine was found to be a rare
cause of transient thrombocytopenia, affected about 1 of every 25,000 recipients.[6] Gelatin,
which is used as a stabilizer in the MMR, MMRYV, and Zostavax vaccines has been shown to
cause a severe, immediate, type 1 hypersensitivity reaction in about 1.3 per million vaccine

recipients.[7] Rotavirus vaccines were found to be a rare cause of intussusception, which,



depending on the currently licensed product, affects between 1.5 to 5 children per 100,000
vaccinated.[8] Yellow fever vaccine can itself cause yellow fever, affecting about 1 per million
recipients primarily greater than 65 years of age.[9] Influenza vaccine is a rare cause of Guillain-
Barre Syndrome, affecting about 1 per million recipients.[10] Pandemrix, an influenza vaccine
with a novel adjuvant was used in Europe during the 2009 infiuenza pandemic, and was found
to cause narcolepsy, a permanent disorder of wakefulness, in between 1in 16,000to 1 in
55,000 recipients.[11] Finally, dengue vaccine (Dengvaxia) has been shown to enhance
hemorrhagic-shock syndrome upon exposure to wild-type virus in seronegative, vaccinated

children.[12]

All of these issues have been instructive. It is an uncomfortable truth that science

evolves. We learn as we go. And sometimes that fearning process comes with a human cost.

The role of vaccine safety monitoring in maintaining vaccine confidence [DeStefano]

The existence of a comprehensive robust vaccine safety monitoring system can bolster
pubiic confidence in the safety of vaccines. Pre-licensure activities, from the initial development
of a vaccine through the various phases of pre-licensure clinical trials, form the foundation of
vaccine safety. Pre-licensure trials, however, may not be large enough to detect rare adverse
events following immunization {AEFI}, they may not last long enough to detect adverse events
with delayed onset, and they may not include certain population groups {e.g., pregnant
women}. Thus, post-licensure monitoring is crucial to assure the safety of vaccines after they

begin to be used on a large scale in the general population.



In the United States, several government agencies, vaccine manufacturers and other
entities are involved in evaluating and monitoring the safety of vaccines. The core of the U.S.
vaccine safety post-licensure monitoring enterprise consists of four systems operated by the
Centers for Disease Control and Prevention {CDC) and the Food and Drug Administration (FDA):
1}the Vaccine Adverse Event Reporting System (VAERS); 2) the Vaccine Safety Datalink {VSD); 3}
the Post-Licensure Rapid Immunization Safety Monitoring (PRISM) Program; and 4} the Clinical
Immunization Safety Assessment {CISA) project. VAERS is co-managed by CDC and FDA. [13] it
is a national surveitlance system intended to rapidly detect potential safety problems or signals.
[t is a voluntary {i.e., passive) reporting system that accepts reports from anyone, including
physicians, manufacturers, patients and parents. VAERS is subject to a number of limitations,
including incomplete reporting and lack of an unvaccinated comparison group, and generally
cannot be used to assess causality. VSD is a large linked database system that is operated by
CDC in collaboration with several large integrated health care systems that cover over 10
million people. [14] It can be used for active surveillance and epidemiologic research by linking
computerized vaccination records with computerized databases of hospital, emergency
department and outpatient clinic encounters, as well as other databases and medical records.
PRISM is a post-licensure safety surveillance network run by FDA to actively monitor the safety
of vaccines.[15] It comprises a distributed data network that utilizes claims data from 4 national
health insurance companies and vaccine data from 8 immunization registries. CiSA is operated
by CDC and involves the participation of 7 medical research centers. It conducts clinical
research and provides expert consuitation to U.S. healthcare providers with complex vaccine

safety cases.[16]



Outside of the United States, vaccine safety monitoring capabilities tend to be limited. A
few efforts are underway to establish multi-country distributed vaccine data networks in
Europe and more globally. These could offer several advantages, such as: 1) providing local data
that may be more persuasive in fostering confidence in vaccines at the country level; and 2) the
possibility of combining data from several countries to quickly detect extremely rare adverse

events (e.g., in a pandemic mass vaccination situation).

Vaccine Safety Concerns in Europe [Larson]

In 2016 and 2018, global studies on public confidence in vaccines showed that the
lowest levels of confidence were specific to vaccine safety, with the European region being the
least confident in vaccine safety globally.[17-18] Similar findings have emerged in other studies
with safety consistently being reported as the biggest reason for vaccine reluctance or

refusal.[20,21]

Contributing to these safety anxieties are a variety of tactics by vaccine-critical groups,
including biflboards instilling doubt with headlines such as “Vaccines are not Safe: Know the
Risks” and “If an apple contained: Aluminium, Mercury, Formaldehyde, Polysorbate 80, MSG,
Animal & Fetal Cells, would you eat it?” While biliboards and similar social media sentiments
spread ungrounded fears and heighten risk perceptions, these images and messages also reveal
key issues and questions that are on the minds of the public and are important clues to inform
where safety research is needed, or where already available safety research needs to be made

more accessible to the public.



The European Medicines Agency{EMA) conducted a study monitoring online and social
media in all European Union (EU) member states, in order to listen for concerns related to the
human papillomavirus(HPV} vaccine. In response to a series of adverse events following
immunization, particufarly in Denmark, the EMA was asked to conduct a review of the safety of
the HPV vaccine[22], and the media monitoring preceded the launch of the EMA safety review
and helped to prepare the EMA officials to anticipate questions around the launch of the final

report, which confirmed the HPV vaccine’s safety.[23-25]

Vaccine safety concerns vary across countries, with aluminium a more prominent
concern than thimerosal, and France home to an organized movement against aluminium and
formaldehyde in vaccines. France also has historic concerns about multiple sclerosis following
hepatitis B vaccination, a risk perception which has also transferred to HPV vaccination along
with anxieties about auto-immune disease following HPV vaccination. While we have
considerable evidence for the safety of HPV vaccine, what is needed is more evidence for the

safety of the ingredients in the HPV as well as other vaccines.

Vaccine Hesitancy in Lower Middle-Income Countries [Arora]

In 2013, the pentavalent vaccination program was suspended in Vietnam, 5ri-Lanka and
Bhutan and was the subject of public controversy in other Lower Middle income Countries
(LMICs) due to unverified reports of serious vaccine side-effects, including deaths.[26] More
recently, the Measles Rubella (MR} campaign was disrupted in parts of india in 2018-2019 due

to negative social media messaging.[27]. In Karachi, Pakistan entrenched socio-cultural norms



regarding decision making informed pregnant women’s intention to reject pertussis vaccination

(28].

Common concerns regarding vaccination in LMICs include fear of adverse events, lack of
trust in medical community or public health program, health system related issues such as
quality of service delivery, cost and access to vaccines and may even be politically
motivated.[29]. The above reasons accounted for nearly 80% of the responses for missing
vaccinations from care givers of under-vaccinated children during the Mission Indradhanush
(MI1) campaign in India. Ethnicity and faith based perceptions towards vaccination, reinforced
by local social, economic and community connections have also been identified as factors
driving hesitancy during the Pulse Polio (2006} and the Mi campaigns (2018} in india. [30,31]. in
Brazil, nearly one in five parents with children under the age of five surveyed were vaccine
hesitant with concerns about vaccine safety and effectiveness being the most commonly cited
reasons for hesitancy.[32] A pre-existing environment of mistrust towards local governments
and politically motivated resistance to public health interventions have also been identified as
factors contributing to lack of vaccine acceptability in a study investigating the Oral Cholera

Vaccine in Mozambique.[33]

The past decade has seen a dramatic transformation of the communication and
information exchange landscape; the spread and reach of vaccine associated misinformation,
exacerbated by nearly universalized access to internet has derailed on-going immunization

campaigns against polio and measles rubella in several Asian countries.[27,31] The current



systems for pharmacovigilance are not mature enough to address emerging concerns by rapidly

and systematically investigating safety signals.

Diagnosis of vaccine hesitancy requires a multi-dimensional diagnostic approach
particularly in traditional societies and emerging economies with aspirations for better health
and civic services. It is necessary to take comprehensive approaches to delineate local socio-
cultural and economic contexts, historical and anthropological factors, the effect of geo-
political events and specific programmatic determinants of vaccine hesitancy to inform
strategies for addressing this complex interdisciplinary challenge. Adopting a human centered
approach with proactive engagement of the local communities is essential for diagnosing and
finding solutions. Findings from proposed studies might be country and context specific but the
lessons learnt shall have the potential to support initiatives with simifar contexts elsewhere and

strengthen global efforts to maintain public trust in immunization program.

Vaccine safety concerns as seen by the World Health Organization [Zuber]

Safety of vaccines utilized in global public health programs is a paramount concern for
the World Health Organization (WHQ). Inthe past 20 years, WHO has paid increasing attention
to vaccine safety and developed a program dedicated to managing those issues. The Global
Advisory Committee on Vaccine Safety (GACVS)} was established in 1999 to respond promptly,
efficiently and with scientific rigor to vaccine safety issues of potential global importance.[34]
GACVS has examined the robustness of vaccine safety concerns to assist risk/benefits-based

vaccine safety policies development. On occasions GACVS has proposed contra-indications to
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vaccine utilization {BCG in HIV infected persons,[35] Dengvaxia in dengue-naive individuals).[36]
Beyond those examples, the most important role of the committee is in assessing the
robustness of scientific evidence and to advise on how to enhance monitoring and hypothesis-
testing. This work is documented on a dedicated website and is a proven global scientific
reference.[37] Table 1, adapted from Asturias et al [37a] displays the range of issues examined
by the committee over 20 years. Those are related to vaccine components, specific vaccine
products including all novel products that became available during that period, methods of

vaccine pharmacovigilance and systems building.

Spectacular progress with global immunization programs {better coverage, new and
geographically-indicated vaccines), warranted additional investments into capacity-building for
vaccine safety monitoring. The goal is to ensure that any concern, anywhere in the world, could
be detected, reported and documented through a competent network and corrective action
promptly taken. The Global Vaccine Safety Initiative (GVSI) was established by WHO in 2012 to
implement a vaccine safety strategy that aims to ensure minimal capacity for vaccine safety
monitoring everywhere, enhanced capacity (for surveillance of specific safety concerns} where
newer products are deployed, and the establishment of a global network with adequate

expertise and geographical proximity.[38]

Enhanced capacity to monitor novel vaccines, many of which dedicated to parts of the
world where adeguate safety systems are not available, requires concerted efforts. A global
network, with adequate expertise, cultural and geographical proximity is progressively being
established through the GVSIi.[39] Beyond broader capacity for general vaccine

pharmacovigilance through the GVSI, the GACVS is on the forefront of safety concerns of glohal
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relevance. Occasional acute safety issues are addressed. Those include early post-ticensure
deviations from quality and safety profiles as well as novel safety signals. The GACVS-ALERT
system allows timely reviews of emerging safety concerns as illustrated with the detection of

porcine circovirus DNA in rotavirus vaccines.[40]

Methodologies for vaccine safety require agile epidemiological designs, such as the use
of case-based studies where time intervals are the preferred measurement unit which allows
dissecting rare effects.[41] Novel vaccines are being developed for pregnant women.
Monitoring their benefits and risks in resource-poor countries, will require enhanced
collaborations with harmonized methodologies {distributed data networks} that take full
advantage of current information technologies.[42] Evidence-based policy-making is currently
driven by the gold standard of randomized trials. Assessing rare events, so critically important
for the monitoring of preventive interventions, cannot meet that standard. Yet, powerful data
analytic systems are available that aflow testing numerous hypotheses. Novel approaches to

qualify available evidence in pharmacovigilance are therefore urgently needed.

Autism [Fombonne]

In the late 1990s, claims that childhood vaccines increased the risk of autism were made
and widely publicized despite weak, if any, empirical evidence to support them. The claims
entailed two purported separate mechanisms. The first one incriminated the measles
component of the triple MMR vaccine, arguing that in children previously developing normally,

a regression and loss of skills occurred 5 to 6 days after vaccination, leading to autism
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associated with gastrointestinal symptoms and inflammatory pathology. The second implicated
the cumulative dose of thimerosal (ethylmercury) received through other childhood vaccines up

to age 2 that was deemed to be too high and possibly exceeded safety thresholds.

Several epidemiological investigations tested both claims. Ecofogical studies showed in
various countries that underlying trends in rates of autism {equivalent to PDD: Pervasive
Developmental Disorders, and to ASD: Autism Spectrum Disorders) were not correlated to
trends in MMR coverage,[41] to the introduction or discontinuation of monovalent measies
vaccines and later introduction of MMR,[42] to increased use, and to discontinuation of
inclusion of the preservative thimerosal in most vaccine preparations.[41] Controlled
observational studies {case-control and cohort studies) equally failed to show that past
exposure to MMR vaccination was higher in children with autism compared to controls[43];
similarly, infants and toddlers exposed to MMR or to thimerosal-containing vaccines in various
doses, when followed up several years later, were not an increased risk of developing autism,
findings that extended to their sibfings.[44,45]) Remarkably, no well-designed study ever
supported a risk association of autism with vaccines, and the convergence of negative findings
across investigators, study designs, samples and countries has been impressive. Several
metanalyses of these questions confirmed the lack of association between exposure to MMR

and thimerosal containing vaccines and autism.[46,47]

Further claims were made that the risk could be confined to a small, vulnerable,
subgroup that epidemiological studies would not be capable to detect. Limited evidence was
brought forward to describe this group (defined by regression/loss of skills days following the

MMR vaccine, association with gastro-intestinal symptoms, and purported persistence of the
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measles virus in the gut and other biological specimens). A systematic search for this
hypothetical phenotype failed to validate its existence.[48] Regression/ioss of skills had been
described since the 1940s in up to 30% of children with ASD, and there was evidence that this
regressive phenotype had not increased recently or in post-MMR years. Comparative studies
showed that children exposed to MMR were not more likely than unexposed children to
experience regression, or a combination of regression and Gl symptoms; furthermore, parents
of vaccinated children compared to those of unvaccinated children were not more likely to
express earlier concerns about their child’s development, or at a time clustering around the
immunization date, or more often seek health care provider advice after the MMR
immunization. Moreover, studies of peripheral blood mononuclear cells, measles antibodies
titers,[49] and measles RNA in gut specimen[50] all failed to document the presumed
persistence of the measles virus in biological compartments of children with autism exposed to
MMR. in addition, studies investigating possibly higher exposure to methylmercury in autism
showed no increased levels in hair or blood samples, no toxicity levels, and no evidence that
well know signs of mercury toxicity were part of the autism phenotype.[51,52] Moreover, new
data indicated that ethylmercury used in vaccines had a much shorter half-life than
methylmercury[53] ruling out that the cumulative use of thimerosal in vaccines from birth to

age 2 could surpass already conservative safety thresholds and lead to toxicity.

Quite separately, research on autism has established through twin and family studies
the strong role of genetic factors in autism etiology. Current sequencing techniques can identify
up to 25% of inherited or de novo genetic variants in subjects with autism, and the ever-

growing list of high-risk genes now contains 141 genes and 19 additional copy number variants
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(https://www.sfari.org). Studies examining the early developmental trajectories of children at
risk of autism identified, in research experiments, abnormal social development in the first 6
months of life as well as biological markers (increased brain volume, eye-tracking abnormalities,
etc.} that point to a prenatal onset of atypical brain development in autism. Research on
environmental risk factors has provided new insights on factors that may operate, alone or in
conjunction with genes, during prenatal life although most remain to be confirmed (with the
exception of advanced paternal age, and the rare prenatal exposure to valproic acid}.[53a,53b]
Yet, reliable diagnosis assessment cannot be reached before age 15 months, at best. The
middle of the second year of life remains the period when parents commonly become first
aware of the atypical development in their child while the average age at diagnosis remains
around age 4 in the US. This developmental trajectory creates conditions for parental causal
attributions in the etiologic role of environmental factors (e.g. MMR immunization} to develop,
contemporaneously of first ASD symptoms emergence. This temporal correlation supports the
persistence of beliefs that something happening in the second year of life could be the ‘cause’
of autism in their child despite all scientific findings pointing at genetic, peri-conceptional and

prenatal etiologies.

Neurologic Adverse Events Following Immunizations [Sejvar]

Neurologic adverse events following immunizations (NeuroAEF|} are fortunately
infrequent, but are among the most devastating of the AEFIs; there are few ‘benign’ neurologic
conditions. As such, thereis a very low threshold for tolerance of these adverse events. There

are various potential mechanisms for the etiology of NeuroAEF! depending on whether the
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vaccine is a live vaccine, an inactivated vaccine, or a toxoid / protein vaccine. NeuroAEFi, which
causally related to vaccination or not, can basically be broken down into two large categories —
‘Neurotropic’ illness, and ‘Autoimmune / Post-immunization’ illness. Neurotropic illness can
happen when vaccine {usually live vaccine)} gains access to the nervous system, producing an
infection within the nervous system. By nature, neurotropic illnesses involve the Central
Nervous System {CNS); autoimmune illnesses may affect either the CNS or the peripheral
nervous system {PNS}. When we refer to the neurotropic illnesses, we are referring to (aseptic)
meningitis, encephalitis, and anterior {polio)myelitis. The autoimmune illnesses are constituted
by acute disseminated encephalomyelitis (ADEM), Guillain-Barre syndrome {GBS), and less
common ones such as transverse myelitis, brachial neuritis, optic neuritis, and others. Again,

they may or may not be caused by vaccination.

NeuroAEFI neurotropic disease may be seen with live vaccines.[54,55] These illnesses
are characterized by an incubation period of around 2 — 10 days {roughly) after the
immunization. They are associated with evidence of CNS inflammation, including a
cerebrospinal fluid {CSF) pleocytosis {elevation of CSF inflammatory white blood cells) and
protein elevation, and evidence of brain parenchymal changes / abnormalities on
neuroimaging, usually magnetic resonance imaging {(MRI}. NeuroAEFI may be substantiated by

finding evidence of vaccine viral invasion of the intrathecal space.

Autoimmune NeuroAEFI may consist of an immune response to the antigenic stimulus
provided by a vaccination; this results in the formation of cross-reactive antibodies and/or
autoreactive T-cells that are stimulated by vaccine epitopes to react with self-neural proteins.

Alternatively, the antigenic stimulus of the vaccine may lead to perturbation of
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incidence increases with age, particularly after age 50. Incidence also tends to be higher in Asia
and South America, presumably due to increased exposure to infectious agents. This is
because, similar to ADEM, 2/3 of persons with GBS will report an antecedent viral — like iliness
or immunization. There are several subtypes of GBS; the most common one in North America
and Europe being the demyelinating form, while the axonal form predominates in Asia and
South America. Clinically, GBS is characterized by an acute or subacute onset of weakness that
evolves over days to weeks; onset is generally between 1-4 weeks after the antecedent event,
and most persons experience maximal weakness ({'clinical nadir’) within 2 weeks. Weakness
tends to be ascending, e.g. beginning in the legs and spreading to the arms and then cranial
nerve-innervated muscles. CSF is characterized by ‘cytoalbuminologic dissociation’ —an
elevation in CSF protein levels, but with an absence of pleocytosis. Electrodiagnostics —nerve
conduction studies and electromyography — may be very useful in confirming the diagnosis and

differentiating the various subtypes of GBS.

Although the 1976 formulation of the H1IN1 swine-origin influenza vaccine was
associated with a slightly increased risk of developing GBS — to the amount of approximately 1
excess case of GBS per 100,000 vaccinees — subsequent formulations of the seasonal influenza
vaccine have demonstrated either no increased risk or a very mitd increased risk, to the amount
of 1-3 excess GBS cases per million vaccinees, and nothing like the magnitude of that seen with
the 1976 formulation. These studies, however, may be underpowered, and the 2009
formutation of the HIN1 pandemic influenza vaccine was associated with a mild increased risk
(1 excess case/million vaccinees). Nonetheless, the Centers for Disease Control and Prevention

has stated that it is ‘prudent’ for persons who developed GBS following influenza vaccine to
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avoid subsequent influenza immunizations; of course, this would depend on an individual’s
particular risk profile for developing influenza illness. Current evidence suggests that there is
no increased risk of relapse of multiple sclerosis following immunizations, and in fact the
infectious illnesses that immunizations prevent may present a more significant antigenic
challenge, leading to risk of relapse of multiple sclerosis demyelinating events. it would appear
that the risks of immunizations for MS relapse are greatly outweighed by the benefits of

prevention of infectious ilinesses.

Future investigations into vaccine-associated GBS will benefit from exploration of
epitopes in vaccines and how they may lead to cross-reactions with peripherat nerve neural
substrates. In addition, host factors are likely to play a role in vaccine-associated GBS, and

should be explored.

Vaccination and Autoimmunity [Lambert]

There are an increasing number of allegations suggesting the occurrence of
autoimmune manifestations following vaccination, listed in Table 2 The scientific basis of these
allegations is usually lacking. This situation is largely the result of coincidental events linked
with the increasing administration of vaccines in adolescents and young adults at an age known
to be associated with autoimmune diseases. It is also reflecting a trend to call autoimmune a
variety of vague clinical manifestations of unknown origin (e.g. the ASIA syndrome)}{’ Everything
is autoimmune until proven otherwise”. [58] Serious epidemiological studies did not confirm

an association of autoimmune diseases with HBY, HPVY nor with seasonal influenza vaccination.
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[59,60]
However some older vaccines were occasionally associated with autoimmune
manifestations. This was the case for the Semple rabies vaccine [61] and the 1976 swine

influenza vaccine.

Present immunological concepts allow the understanding of the relative risk of post-
vaccination autoimmunity. Cross-reacting autoantibodies can occasionally be generated by
some vaccines. The risk is limited by the basic level of tolerance for self B-cell epitopes. It can be
assessed at pre-clinical or early clinical stages of development. A higher risk exists (i) for
vaccines against infections known to be associated with autoimmunity, e.g. Group A
Streptococci, (ii} when a vaccine antigen has a B cell epitope that cross-reacts with a host
antigen. This usually requires extensive sequence homology, e.g. >35% identity in >50-80 aa
peptidic sequences {conformation!) and a linkage of the cross-reacting B-cell epitope to a
dominant T helper epitope {foreign}. It is facilitated by a strong concomitant activation of
innate immunity {danger signal!).[62]

Although T-cell epitope mimicry is common, cell-mediated autoimmune manifestations
are particularly rare. This reflects the potent regulatory mechanisms which limit the activation
of self-reacting T-cells.[63] When exceptionally occurring, it likely refiects a particular host
susceptibility related to multiple factors, e.g. genetics, failure of thymic negative selection for
relevant self-peptides, or failure of peripheral regulatory mechanisms.[64] These should also be
combined with a strong activation of innate immunity and is difficult to predict at pre-clinical or

early clinical trial stages. Existing adjuvanted vaccines do not appear to exacerbate autoimmune
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diseases.[65,66] Post-licensure studies in autoimmune patients may be useful for novel

adjuvants.

An example of the complexity of this issue is the observation of an increased incidence
of narcolepsy after vaccination with AS03-pH1IN1 influenza in Nordic European countries[67]
which was assumed to be due to a vaccine-induced autoimmune response to hypocretin
producing neurons. However, there is still scarce evidence for an autoimmune process in this
situation whereas there is a growing evidence for a role of the influenza viral infection in the
disease. Indeed, a peak of narcolepsy was seen in China [68] and Taiwan following the2009
pH1N1 outbreak. In Nordic European countries, the pandemic peak overlapped or immediately
preceded the vaccination.[69] Experimental data also indicate that most Influenza A viruses can
infect olfactory receptor neurons, that some of these viruses (HIN1, HSN1} can move to the
olfactory bulb (OB) within a few days [70-72] and that exceptionally, some Influenza A viruses
can slowly move from olfactory bulb to other CNS sites {(HSN1>H1N1>>H3N2}, inctuding lateral
hypothalamus and hypocretin-producing neurons.[73]. In transgenic mice expressing HIN1-HA
in Hypocretin-producing neurons, anti-HIN1 HA CD8 T-cells were shown to eliminate HA-
expressing Hert-neurons.[74) AS03-pH1N1 vaccine-associated narcolepsy may represent an
example of vaccine-enhanced viral immunopathology rather than a vaccine-induced

autoimmune event. Timing of vaccination in relation to the outbreak may be critical.

Thiomersal and Mercury [Hviid]

Thiomersal has been used as a vaccine preservative since the 1930s primarily in
multidose vials. Thiomersal contains ethylmercury and concerns about expanding childhood
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vaccination schedules with increasing cumulative mercury exposure in infants led to the
withdrawal of thiomersal-containing vaccines in many high income countries throughout the
1990s. Mercury compounds including ethylmercury are neurotoxic at sufficiently large
doses.[75] Accidental poisoning episodes involving ethylmercury at much larger doses than
those found in vaccines have been reported to cause neurotoxicity. Ethylmercury has been
compared to methylmercury, another organic mercury compound. Adverse effects on
neurodevelopment are well-established for methyimercury exposure through primarily

maternal fish consumption. However, ethylmercury has a shorter half-life in the body.[76]

The majority of large observational studies of thiomersal exposure have focused on
autism. There have been no support for an association in key analytical studies from Denmark,
the United Kingdom and the United 5tates comprising more than 690,000 children.[77-80]
Similarly, studies looking at a wide range of neurodevelopmental outcomes including both
diagnostic outcomes and questionnaire information on early life behavior, cognition and motor
skilis have been reassuring.[79-84] Some of these studies do test a large number of possible
statistical associations and as expected purely by chance report a small number of both
beneficial and adverse effects which should be carefully interpreted in the context of multiple
testing. Tics have been associated with thiomersal exposure in several studies.[79,80,84] The
ascertainment of tics differ in all of these studies, and the clinical relevance of this finding is

unclear.

The available observational evidence do have some noteworthy limitations. First, a
common feature of many of the available observational studies is the lack of a large group of

thiomersal-unexposed children. The majority of studies compare children with varying degrees
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of thiomersal exposure at pre-defined ages. Second, while some studies do include subgroups
such as low birth weight infants and do try to take other mercury sources into account, low
statistical power limits the interpretability. Third and final, there is little evidence available on

fetal exposure throughout pregnancy primarily from maternal vaccination.

In conctusion, the available evidence is reassuring; thiomersal-containing vaccines do

not increase the risk of autism or the risk of many other neurodevelopmental outcomes.

Formaldehyde and Aluminum [Halsey]

Formaidehyde is a natural component of cell metaholism in all mammatian cells, many
plants, and some foods.[85] in humans, metabolism is very rapid with a half-life only 1-2
minutes. Normal human blood levels are 2-3 mcg/mL. Most people are exposed to
formaldehyde every day from wood products, automobile exhaust, cigarette smoke, paints and
varnishes, carpets permanent press fabrics, and some food products. Prolonged exposure via
inhalation can rarely cause nasopharyngeal cancer{adenomas} and repeated contact with highly
concentrated solutions can cause irritation, cell changes, and squamous cell carcinoma.[86]
Advocates for removal of formaldehyde exposures from vaccines want to eliminate exposure to
any potentially carcinogenic substance, but this is not feasible or necessary. The very small
amounts of residual formaldehyde in vaccines following removal after inactivation of the target
organisms are not additive to the amounts produced from the body’s natural metabolism, are

below the levels deemed acceptable by regulatory authorities, and are not harmful.[87]
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Aluminum is used in the manufacture of many household products. People are exposed
to aluminum from cookware, water, drinking containers, and foods including breast mitk, infant
formulas, fiour, baking powders, coloring agents, anticaking agents, seafood, and other
products. An average adult consumes 7-9 mg of aluminum per day, but only 0.1% - 0.3% is
absorbed.[88] The brain normally contains about 1% of the total body aluminum stores.
Intravenous exposure through parenteral nutrition and renal dialysis has resulted in
encephalopathy. Guidelines for maximum intake from food vary from 1 mg/kg body weight per
week (European Food Safety Authority} to 1 mg/kg/day in the United States {Agency for Toxic

Substances and Disease Registry).

Aluminum adjuvants do rarely induce delayed type hypersensitivity reactions
manifested as injection site urticarial papules, nodules, and sterife abscesses[83]. Completing
recommended immunization series for these patients is problematic due to the lack of the
recommended vaccines without aluminum adjuvants. The amount of aluminum in vaccines
with aluminum adjuvants varies from 0.125 mg per dose for Prevnar 13, to 1.5 mg in DT; most
vaccines contain 0.5 mg per dose or less {http.//www.vaccinesafety.edu). After injection,
aluminum adjuvants are dissolved by alpha-hydroxycarboxylic acids, absorbed into the blood,
distributed to tissues, and slowly excreted in the urine[90]. Some remains in tissues with most
storage in bone.[91] Aluminum taken up by macrophages can be detected by injection site
biopsy for at least 12 months.[92] Although there have been allegations that aluminum
adjuvants cause persistent myalgia, fatigue, autoimmune diseases, encephalopathy and other
conditions based on poor science, expert reviews have concluded that the scientific evidence

does not support these claims. The detection of aluminum at injection sites many months after
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vaccination “... represent(s) a simple marker of vaccination with long-term persistence of
aluminum at the injection site and local inflammatory response to it, without other symptoms
or consequences.”[93] Similarly, the U.S. FDA has concluded “...episodic exposures to vaccines
that contain aluminum adjuvant continue to be extremely low risk to infants and that the
benefits of using vaccines containing aluminum adjuvant outweigh any theoretical

concerns.”[94]

New adjuvants in vaccines [Garcon]

For a vaccine to induce protection, it must be able to stimulate the immune system
efficiently. Nature has designed a way for humans to mount such an immune response, by
designing what is known as pathogen associated molecular patterns that are recognized by the
first line of defense, the innate immune response, and initiate the cascade of events leading to

the generation of a protective immune response.

Through the continuous evolution of vaccines, from the pathogen itself to fractions of it,
pathogen-associated molecules have been lost, decreasing or losing the ability to launch the

response. Adjuvants augment the responses to those molecules.[96,97]

Within a vaccine, the antigen brings the specificity of the response against the pathogen
while the adjuvant enhances and modulates the immune response to the vaccine antigen.
Therefore the quality of the immune response will depend on the potential of the antigen to be

protective, and the adjuvant to optimize its potential. Both efficacy and safety are therefore
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considered in the context of each adjuvanted vaccines individually following the current

guidelines defined by regulatory agencies.

In general, adjuvants can induce some local reactogenicity such as redness, heat,
swelling, the 3 markers of a local immune response (as seen during a local infection) as well as
some systemic effect {flu-like symptoms, fever in particular). Their intensity can vary depending
on the age, status {naive versus primed} of the individual vaccinated, and all individuals do not

respond in the same way.

Over the past 20 years and through the evolution of knowledge and available
technologies, it has been possible to assess the mode {what the adjuvant does) and the
mechanism of action (how the adjuvant acts). Those studies have shown for current licensed
adjuvanted vaccines, that they act locally {effect limited to the site of administration and the
draining lymph nodes, with an effect limited in time (days), supporting the safety observed in
animal models and humans.[97-99] Knowledge of the mechanism and defining the pathway
triggered during the response, have allowed us to establish more finely their safety profile, and
to evaluate hypothetical risks of adverse events. For example, the knowledge of cell
populations that can be activated or not allows closer study of hypothetical risks associated

with vaccination.

As their mode of action is limited in space and time, no adjuvants currently present in

vaccines have been shown to induce de novo rare events such as autoimmune diseases.

(100-101]

Residual Cell-Substrate DNA in Vaccines [Peden]
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The production of viral vaccines in eukaryotic cell substrates inevitably means that they
contain some cell-substrate DNA. When mammalian cell lines were considered for vaccine
production, concerns were raised that the residual DNA could induce cancer or contain
infectious agents. These concerns were heightened with regard to tumorigenic cells or cells
derived from human cancers. The issue of whether cellular DNA could be a risk to vaccine

recipients has been debated for more than 50 years without resolution.[102,103]

DNA can have two activities that could be of concern.[102,104] DNA could have an
infectivity activity, i.e., the mammalian genome contains the genome of a DNA virus or of a
retroviral provirus, or it could have an oncogenic activity, either through the introduction of a
dominant activated oncogene or by inducing an oncogenic event through insertion into the
host genome. To address whether DNA can induce an infectious event and with what
efficiency, we have established a transfection/co-culture system to quantify HIV DNA infectivity.
In dose-response studies, we showed that 1 pg of HIV DNA and 2 pg of the cellular DNA isolated
from HiV-infected celis can be infectious. We have used this system to quantify the reduction
in infectivity afforded by various treatments used in vaccine manufacture, such as nuclease
digestion, beta-propiolactone treatment and binary ethylenimine treatment. We have shown
that these treatments can reduce infectivity by 2 10°-fold and combined with reducing the
amount of DNA to 10 ng {the WHO recommended amount of residual DNA per vaccine dose),

safety margins of 2 107 can be achieved.[105]

With respect to DNA oncogenicity, we generated expression plasmids for activated
human H-ras and murine c-myc; these genes are driven by a long-terminal repeat [106]. When

inocutated into mice, we found that tumors were induced but with low efficiency. To increase
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the efficiency, we combined the two oncogenes on the same plasmid, and used it to evaluate
the efficiency of various rodents to tumor induction.[107] With certain newborn rodents, DNA
amounts of £ 1 ng induced tumors. However, even with such sensitive animal models, no
cellutar DNA from tumorigenic cells or from tumors induced by the ras/myc plasmid has ever
scored positive. Also, not all dominant oncogenes are active in these in vivo systems. Asa
consequence, regulators have considered the best approach to dealing with DNA is to reduce
both the amount of DNA and its size. Such considerations have recently permitted the

introduction of vaccines produced in tumorigenic cell substrates.

Non-specific effects of vaccines [Pollard]

Non-specific or off target effects of vaccines refer to the responses induced by an
immune stimulus to a vaccine {or infection} which alter the immune response to a subsequent
heterologous infection.[108]. That such effects occur is without doubt as it is embedded in
current and long-standing understanding of the innate and adaptive immune system, that the
initiation of immune responses are non-specific, and can result in afterations in resistance to
infection through production of mediators. For example, production of interferon-alpha during
viral infection reduces susceptibility of cells to subsequent heterologous viral challenge. More
recent evidence indicates that there is a profound activation of the transcriptome during
infection or vaccination with the vast majority of the genes that are being expressed being non-
specific innate responses.[109] Indeed, adjuvants are utilized to capture these nonspecific
components of the immune response and enhance the focused adaptive response to the

vaccine with which it is formulated. The extent to which alterations in innate immune
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responses occur following vaccination in human infants has been little studied, and the effects
of these responses on resistance or susceptibility to subsequent infection is unknown. We
attempted to systematically analyze the literature in 2016 with a focus on EPI vaccines and
conciuded that there was “some evidence that in some study designs, with some vaccines,
administered in some settings, where samples are taken at some time-points, and some in vitro
assays are undertaken that non-specific immunological effects may be detected in response to
some in vitro stimuli but it is difficult to identify consistent findings”.[110] We noted that
measles and BCG vaccines were associated with increased interferon-gamma responsiveness
during later in vitro stimulation. A recent study by Blok et al in 75 adults indicated that there
were changes in responsiveness to various in vitro stimuli measurable at one and 4 days after
vaccination with either BCG or BCG+DTaP, and they have proposed that such changes that are
ohserved are likely to be driven by changes in the epigenome following an immune

trigger[111].

While the immunological phenomenology is fascinating and further exploration of the
characteristics, magnitude and persistence of these effects is warranted in understanding of the
immune system, the clinical significance of the measurable changes is unknown, and there is
currently no rationale for attempting to deliberately enhance or reduce any of these effects for

clinical benefit.

However, a large number of animal studies have provided compelling evidence that
infection with one organism or exposure to an antigen can confer some resistance to another
heterologous infection. For example, live candida administration in mice can provide up to 70%

protection against lethal infection with Staphyfococcus aureus[112}; BCG vaccination protects
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Recent studies have investigated how bias could influence the observations described
above, and further increase the uncertainty about the clinical importance of the

claims.[118,119]

While it seems that immunological non-specific effects occur, we don’t know enough
about them to predict when or for how long they might last and have no understanding of their
clinical relevance. The animal studies show that there are intriguing effects, whether
underpinned by the above immunological observations or not, which can be induced in these
controlled settings and can have a profound impact on survival. The animal studies, provide a
strong case for improved understanding of the biology that might one day be translated into
benefits for humans. The human data, with clinical endpoints, indicate that there are intriguing
signals which warrant investigation, but trials to provide a definitive answer will be challenging
to realize as global childhood mortality continues to fall. Today we do not have definitive

evidence of non-specific effects of vaccines that should lead to a change in immunization policy.

HPV vaccines [Markowitz]

Available human papillomavirus (HPV) vaccines are virus-like particle (VLP) vaccines,
made from the L1 major capsid viral protein. Three HPV vaccines have been licensed: bivalent
(2vHPV}, quadrivatent (4vHPV} and 9-valent vaccines (3vHPV). The adjuvant in 2vHPV is ASO4,
which contains aluminum hydroxide and monophosphoryl lipid A, while the adjuvant in 4vHPV

and SvHPV is alum. The first vaccine was licensed in 2006; by the end of 2018, vaccination
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programs had been introduced in over 80 countries. Despite reassuring safety data from HPV
vaccine clinical trials and post-licensure monitoring studies, listed in Table 3, safety concerns
continue to be raised. Several countries have had challenges with their programs due to safety
concerns, including Japan (chronic regional pain syndrome [CRPS]), Denmark {postural
orthostatic tachycardia syndrome [POTS])}, and Ireland and Colombia (a variety of different

concerns).

The World Health QOrganization’s [WHQ) Global Advisory Committee on Vaccine Safety
(GACVS) reviewed safety of HPV vaccines seven times since 2007; in 2017 GACVS conducted a
comprehensive assessment and systematic review focusing on serious events after 2vHPV and
4vHPV.[120] In this systematic review, 26 randomized controlled trials and six good quality
post-licensure cohort studies were included.[120-122] Among the cohort studies: four looked at
autoimmune diseases, two venous thromboembolic disease and one multiple sclerosis and
other demyelinating conditions. Results from both clinical trial evidence and cohort studies
were consistent in finding no relationship between serious adverse events and HPV vaccination.
POTS and CRPS were not considered in the systematic review, as WHO used a report by the
European Medicines Agency (EMA]} to inform about these events.[123] While EMA did not find
a relationship between HPV vaccination and POTS or CRPS, they felt that further monitoring

should be conducted given public concern.

Since the GACVS systematic review, numerous additional large post-licensure safety
studies have been published for 4vHPV and 2vHPV from several countries.[124-130] At least

ten evaluated autoimmune disease, including six that evatuated multiple autoimmune diseases,
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three Guillain Barré Syndrome only [128-130] and one type 1 diabetes only.[127] In addition,
since the 2017 review, there have been systematic reviews examining autoimmune
disease.[131,132] Aside from these outcomes, studies specifically investigated primary ovarian
insufficiency[133] and chronic fatigue[134] finding no consistent evidence of safety concerns. A
study using a new methodology, the self-controtled tree-temporal scan statistical method,
scanned hundreds of diagnoses among 1.9 million 4vHPV recipients and found no new
associations.[135) At least five post-licensure studies of inadvertent HPV vaccination in
pregnancy, such as one examining data from Denmark’s nationwide registers [136], have been

published since 2017, showing no association with adverse outcomes of pregnancy.

To date, the only post-licensure safety data for 9vHPV are from the United States.
During a period of time when 29 million doses were distributed, VAERS identified no concerning
signals.[137] A rapid cycle analysis in the Vaccine Safety Datalink raised no safety

concerns.[138]

Too Many Vaccines? {Glanz)

Many parents have concerns that children are receiving too many vaccines in too short
of a time, with specific concerns that vaccines are overtoading the child’s immune system and
vaccine ingredients are toxic. To minimize vaccine exposure, an estimated 10-15% of parents
are choosing alternative vaccination schedules for their chitdren.[139] The Institute of Medicine
(10M) responded by publishing a report in 2013 that recommended additional research on the

safety of the recommended childhood immunization schedule.[46] The report emphasized that
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the studies should be ohservational, focused on the schedute as a whole rather than individual
vaccines, and be designed to evaluate chronic and fong-term outcomes occurring months to
years after vaccination. The report also concluded that the Vaccine Safety Datalink {VSD)

represents an ideal research environment to conduct such studies.

The Centers for Disease Control and Prevention has made the safety of the
recommended schedule a research priority and commissioned a white paper on how the VSD
could be used to address the safety gaps presented in the IOM report.[140] Through subject
matter expert engagement, the white paper identified important methodological challenges to
studying the schedule and generated a list of 20 outcomes prioritized by public health
significance and public concern. The methodological challenges with studying the safety of the
recommended schedule included unmeasured confounding, inadequate statistical power, and
misclassification of exposures and outcomes. The prioritized outcomes included both acute and
chronic conditions, such as asthma, anaphylaxis, type 1 diabetes mellitus, epilepsy, juvenile
rheumatoid arthritis, seizures, all-cause mortality, all-cause morbidity (non-targeted infection),

and chronic urticarial

Guided by the white paper, the VSD has developed analytic metrics for measuring
adherence to the recommended schedule, including cumulative vaccine antigen exposure,
cumulative vaccine aluminum exposure, and a summary measure called the average days
under-vaccinated. Thus far, these metrics have been used to study all-cause mortality and non-
targeted infection, both of which produced null results.[141,142] Studies examining asthma and

type 1 diabetes mellitus are currently underway.
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While progress is being made, there remain substantial challenges to studying the safety
of the schedule, including the potential for uncontrolled bias and inadequate sample sizes to
study the rarer outcomes on the white paper priority list. This points to a need for independent
data sources in which both positive and negative safety signals can be replicated and validated,
and for continued research to develop methodological approaches to minimize biases that may

affect safety studies of the recommended childhood immunization schedule.

Summary

As stated in the introduction, this review of major safety issues refated to vaccination
has identified gaps in the scientific evidence and the need for new studies so as to add new
knowledge to a controversial field. Although vaccination remains a highly positive procedure to
maintain the health of populations, science requires that careful study continues to add to our

knowledge and to maintain public confidence in the vaccine enterprise.

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 Controf and Prevention.

The findings and conclusions in this report are those of the authors and have not been formally
disseminated by the Food and Drug Administration and should not be construed to represent
any Agency determination of policy.
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Table 2. Autoimmune or Immune-mediated diseases reported following vaccination

Autoimmune/ Type of vaccine Confirmed
immune-mediated disease association
ncephalitis Rabies YES
Multiple sclerosis HBY NO
Rheumatoid arthritis HBY, tetanus, typhoid, MMR NO
Systemic lupus erythematosus | HBV, tetanus, anthrax NO
Reactive arthritis BCG, typhoid, MMR, influenza, Ebola YES
Guillain-Barré syndrome Swine Influenza, YES
Idiopathic thrombocytopenia MMR POSSIBLE
Diabetes mellitus-type 1 HIB NO
Hashimoto thyroiditis HBV NO
Polymyositis/ dermatomyositis | BCG, smallpox, diphtheria, DPT POSSIBLE
Polyarteritis nodosa influenza, pertussis, HBYV NO
Narcolepsy Pandemic influenza (p2009) YES
Myocarditis Smallpox POSSIBLE
ASIA syndrome Adjuvanted vaccines NO

47













51



SUMMARY OF IDEAS FOR FUTURE STUDIES OF VACCINE SAFETY PROPOSED BY
ATTENDEES AT THE WELLCOME TRUST LONDON VACCINE SAFETY MEETING
(MAY 30-31, 2019)

The following is a brief summary of ideas for scientifically motivated vaccine
safety studies proposed by experts after discussion at a meeting on the science of
vaccine safety

Study of Specific Reactions

Badly needed is a controlled study in adolescents of Postural Orthostatic
Tachycardia Syndrome (POTS) and Complex Regional Pain Sydrome (CRPS) and
whether or not vaccination with HPV vaccine increases the risk.

Denmark provides an excellent country in which to do comparative studies in
view of specimen availability and investigator interest. Dried blood spots have
been collected since 1982. These samples have already been used successfully for
a GWAS of febrile seizures after MMR vaccination. Examples of other phenomena
which could be studied given enough financial support include idiopathic
thrombocytic purpura (ITP) after MMR vaccine and granulomas after aluminum
adjuvanted vaccines. Study of ITP would require collaboration with other
countries, but sufficient numbers are available for GWAS of granuloma cases.

Narcolepsy was associated with influenza vaccination in certain countries.
Together with increased studies of narcolepsy in the canine model, more study of
the genetics of narcolepsy in relation to vaccination is needed, which could be
done in Nordic countries where narcolepsy is more common.

Maternal Immunization

Immunization in pregnancy is now a widespread recommended vaccination
strategy. Therefore, it is important to study outcomes in infants born to
vaccinated mothers. Large cohorts will be needed in which infants of vaccinated
and unvaccinated mothers are followed for at least several years with regard to
health phenomena. Among the outcomes studied in infants would be



neurological development and abnormalities in relation to time of vaccination in
the mother, and time of first vaccine in the child.

Adjuvants and Preservatives

Again, advantage could be taken of the Danish population to study
granulomas following the use of aluminum adjuvants, as granulomas appear to
have a familial tendency. Predisposing factors, including genetics through GWAS,
could be studied, as well as rates of autism in relation to quantity of aluminum
received. Critical would be biopsy studies both in individuals complaining of
fasciitis after alum-containing vaccines in comparison to control biopsies taken
from cadavers of individuals in whom vaccination was done.

Another study that could be done in Denmark involves a follow up of
vaccinees to determine if tics are associated with mercury content received. A
CDC study raised questions about this, although parents did not report noticing
more tics. Anti-vaccinationists nevertheless raise this question.

Advantage could be taken of the fact that there is twice as much of
aluminum adjuvant in the 9-valent HPV vaccine as the 4-valent HPV vaccine {500
vs 250 meg), although the adjuvants were not of the exact same compaositon.
Long term health phenomena could be compared.

The new zoster vaccine and one influenza vaccine both have strong
adjuvants. No study has looked at patients who receive both simultaneously.

Although there would be difficulties in analyzing equivalent populations,
the fact that certain adjuvants are used in Europe but not the US might serve as a
basis for a comparative study.

Genetics

Aside from the studies mentioned above, a registry of reactions to vaccines
in patients with mitochondrial or metabolic diseases would help determine
contra-indications if any.



Moreover, a registry of genetic samples from patients with severe reactions
to vaccines would permit attempts to correlate adverse reactions and genetic
predisposition.

Other

Create a DNA biobank of samples from vaccinees with adverse reactions.
Admittedly this might be difficult owing to concerns about storage, privacy, etc,
however some countries already have such biobanks, which could serve for
research.

If possible, compare reactions in children given vaccines individually or in
combination.

More pubtications are needed on the subject of vaccine safety. For
example, using US data to calculate the rate of reactions with regard to the
number of doses given, and publishing safety reviews concerning individual
vaccines, particularly HPV vaccines.

The CISA network is in operation but is not sufficiently used. Appeals could
be made to medical specialists to report patients for study at CISA. In addition, a
repository for information on vaccination in patients with specific conditions,
including mitochondrial disorders, inborn errors of metabolism, and receipt of
immunosuppressive drugs would contribute new knowledge.

A phenomenon that has arisen in particular with dengue vaccine, but which
may apply to other partly protective vaccines, is enhancement of disease in those
not protected. That phenomenon should be searched for with prospective
studies when new vaccines are licensed.



Funding Vaccine Safety Studies

A frequent recommendation was that the US tax on vaccines be used to
finance safety studies. This would require congressional action. Moreover, a
vaccine safety agenda using such monies was proposed by NVAC in the late
1990s, but nothing has happened. Although this recommendation is out of the
scope of scientific studies, backing could be sought from interested organizations
to seek congressinal action. Outside of the US, funding could be sought from
European organizations, and foundations that support vaccine purchase could be
asked to support pharmacovigilance.



IDEAS FOR FUTURE STUDIES PROPOSED BY ATTENDEES AT THE WELLCOME TRUST LONDON VACCINE SAFETY MEETING

TABULAR SUMMARY

based upon Version 4, Sept 2/19)

Need for basic research

Need for Clinical Studies

Need for Observational Studies

Evaluation of the two-hit
hypothesis for narcolepsy
risk following vaccine in
ferret or in other animal
models

POTS and CRPS need further
definition of criteria for diagnosis.
Need for clinical studies to evaluate
risk following vaccines.

Long term studies of maternal immunization
impact on infants. Large cohorts will be needed
in which infants of vaccinated and unvaccinated
mothers are followed for at least several years
to study neurological development and
abnormalities in relation to time of vaccination
in the mother, and time of first vaccine in the
child.

Create a DNA biobank for
individuals with vaccine
reactions to assess
genomic risk factors.

The new zoster vaccine and one
influenza vaccine both have strong
adjuvants. No study has looked at
patients who receive both
simultaneously.

Evaluation as to whether tics are associated with
the level of mercury exposure in vaccines.

Need for genetic studies
of the risk factors for
narcolepsy following
influenza vaccine and
disease

A registry of reactions to vaccines in
patients with mitochondrial or
metabolic diseases would help
determine contra-indications if any.

Evaluate the risk factors granulomas following
the use of aluminum including genomics.
Critical would be biopsy studies both in
individuals complaining of fasciitis and perhaps
comparison with biopsies taken from cadavers
where vaccination was done

Genetic studies of ITP
after MMR vaccine and
granulomas after
aluminum adjuvanted

A phenomenon that has arisen in
particular with dengue vaccine, but
which may apply to other partly
protective vaccines, is enhancement

Advantage could be taken of the fact that there
is twice as much of aluminum adjuvant in the 9-
valent HPV vaccine as the 4-valent HPV vaccine
(500 vs 250 mcg}, althaugh the adjuvants were




vaccines. of disease in those not protected. not of the exact same composition. Long term
4 That phenomenon should be health phenomena could be compared.
searched for with prospective studies
when new vaccines are licensed.

Compare reactogenicity of vaccines Although there would be difficuities in analyzing
given together or separately. equivalent populations, the fact that certain
adjuvants are used in Europe but not the US
might serve as a basis for a study.

Comparative studies of adjuvants used in Europe
versus the US.










If you have any questions, feel free to contact me at any time. Thank you,

Carrie

Carrie Stetz
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From: Stanley Plotkin

Sent: 29 Jul 2017 12:12:37 -0400

To: Cohn, Amanda (CDC/OID/NCIRD)

Cc: Patel, Manisha M. {CDC/OID/NCIRD};Marin, Mona {CDC/OID/NCIRD)
Subject: RE: Mumps WG

FTOML: WO, AMANda OO INUERLY ) | INdHLWO Al ounuCu . goy |
Sent: Thursday, July 27, 2017 9:04 AM

To: Stanley Plotkin

Cc: Patel, Manisha M. (CDC/OID/NCIRD)

Subject: FW: Mumps WG

From: Marin, Mona {CDC/OID/NCIRD)
Sent: Friday, March 03. 2017 3:44 PM
To: Stanley Plotkir

Cc: Cohn, Amanda

Subject: RE: Mum . .. _





















Tor Marin Mans (CDC/OID/NCIRD)
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From: Stanley Plotkin

Sent: Tuesday, Februa ¥ LM, ZUL7 LU AV
To: Cohn, Amanda (CDC/OID/NCIRD}
Subject: RE: Mumps WG

el B S S B -

‘I'o:_Stanfey Plotkin

Patel, Manisha M. {CDC/OID/NCIRD)

Cc: Marin, Mona (CDC/OID/NCIRD); Patel, Manisha M. (CDC/OID/NCIRD)

Subject: Mumps WG

Hi Dr. Plotkin,

| spoke to Mona Marin and Manisha Patel, the CDC leads for mumps, who would be thrilled if you could
join the ACIP Mumps WG as an expert consultant, or in whatever capacity you are able to contribute to
the discussions. Mona is working on the times of the calls with the ACIP voting members, and can send

you some follow-up information.

The one issue we did not discuss is the conflict of interest disclosures. We do have some guidelines for
WG participation that may limit your role in the policy discussions, depending on your current financial
relationships. But, regardless you can participate as an expert during the science discussions.

Mona will follow-up with information. Thanks for considering participating!

Amanda

Amanda Cohn, MD
CDR, US Public Health Service
Executive Secretary

Advisory Committee on Immunization Practices

NCIRD/CDC
Office: 404-639-6035
Cell: 404-451-6204

Email: acohn@cdc.gov

Centers for Disease Control and Prevention (CDC) Roybal Campus

1600 Clifton Road MS A-87
Atlanta, GA 30325-4027















Centers for Disease Control and Prevention (CDC} Roybal Campus
1600 Clifton Road MS A-87
Atlanta, GA 30325-4027















The one issue we did not discuss is the conflict of interest disclosures. We do have some guidelines for
WG participation that may limit your role in the policy discussions, depending on your current financial
relationships. But, regardless you can participate as an expert during the science discussions.

Mona will follow-up with information. Thanks for considering participating!
Amanda

Amanda Cohn, MD

CDR, US Public Health Service

Executive Secretary

Advisory Committee on Immunization Practices
NCIRD/CDC

Office: 404-639-6039

Cell: 404-451-6204

Email: acohn@cdc.gov

Centers for Disease Control and Prevention (CDC) Roybal Campus
1600 Clifton Road MS A-87
Atlanta, GA 30329-4027


















Amanda

Amanda Cohn, MD

CDR, US Public Health Service

Executive Secretary

Advisory Committee on Immunization Practices
NCIRD/CDC

Office: 404-639-6039

Cell: 404-451-6204

Email: acohn@cdc.gov

Centers for Disease Control and Prevention {CDC) Roybal Campus
1600 Clifton Road MS A-87
Atlanta, GA 30329-4027




































From: Stanley Plotkin

Sent; 29 Mar 2017 10:31:15 -0400

To: Cohn, Amanda (CDC/OID/NCIRD)
Subject: RE: Response to your YF comments
Attachments: Cohn Bennett 2017.pdf

From: Cohn, Amanda {CDC/OID/NCIRD) [mailto:ancO@cdc.gov]

Sent: Thursday, March 23, 2017 11:58 AM

To: stanley.plotkin@vaxconsult.com

Cc: Advisory Committee on Immunization Practices (CDC); Dr. Chip Walter (walteD02@mc.duke.edu)
Subject: Response to your YF comments

Dear Dr. Plotkin,

Attached is a letter from Dr. Bennett responding to the ¢concermns you raised regarding discontinuing the
use of YF vaccine booster doses for most travelers. | apologize for the delay and appreciate your
patience!

The YF workgroup reviewed your conceimns and references during a workgroup meeting and the letter
details what was done and provides specific comments on each reference. Two additional documents
are included as Appendices: the final GRADE tables and the final policy note. Finally, | am also attaching
e-mail communications from the Brazil MOH regarding the potential error in the publication by Camara et

al.

| speak on behalf of all ACIP members when | say we are so grateful for your comments, questions, and
insight you provide around vaccine policy issues.

Best Regards,

Amanda



Professor Emeritus of Pediatrics, University of Pennsylvania 215-297-9321 (iel)
Professor Emeritus, Wistar Institule, Philadelphia 215.207-G323 {fax)
Adjunct Professor, Johns Hopkins University, Baltimore 215-262-3665 (cell)

stanley.plotkin:vaxconsult.com

March 29,2017

Dr. Nancy Bennett
Dr. Amanda Cohn
cDC

Dear Nancy and Amanda:

Let me express my sincere appreciation to the Yellow Fever Working Group for all the work that
went into its response to my concerns. | am genuinely impressed that my objection resulted in so much
thorough work and | completely understand the Warking Group’s conclusions, which may wel! be
correct.

I do have to observe that a lot depends on the inferences regarding the validity of the Camara
article and also that there is no mention of a long article by Campi-Azevedo and a list of 41 Brazilians
studying immune responses to YF vaccination that expressly concludes with a recommendation for
boosters. (Campi-Azevedo AC et al, “Booster dose after 10 years is recommended following 17DD-YF
primary vaccination.” Human Vaccines, 12:491-502, 2016). This suggests to me that Brazilian opinion is
at least divided.

So there is no misunderstanding, | do not expect the Working Group to reconsider its
conclusion, but | would appreciate it if this letter is circulated to its members.

“hank vou

Stanley A. Plotkin, M.D.

4650 Wismer Road, Doylestown, PA 18902









From: Cohn, Amanda (CDC/DDID/NCIRD/OD)

Sent: 10 Jul 2019 23:08:07 +0000

To: Stanley Plotkin

Cc: Messonnier, Nancy (CDC/DDID/NCIRD/OD);' Tom Monath';'Mark Slifka'
Subject: RE: yellow fever boosters

From: Stanley Plotkin <stanley.plotkin@vaxconsult.com>

Sent: Wednesday, July 10, 2019 11:09 AM

To: Cohn, Amanda (CDC/DDID/NCIRD/OD} <ancO@cdc.gov>

Cc: Messonnier, Nancy (CDC/DDID/NCIRD/OD) <narS@cdc.gov>; 'Tom Monath'



<tom.monath@crozetbiopharma.com>; 'Mark Slifka" <slifkam@ohsu.edu>
Subject: yellow fever boosters

Dear Amanda:

You may recall that a couple of years ago the ACIP recommended against routine boosters of
vellow fever vaccine except in individuals with immune deficits. You may also recall that | spoke against
that change based on the available data but the committee went on to make the recommendation
anyway.

I return to the subject because of a new publication (the last on the attached list) that shows
considerable loss of titer in normal individuals in Brazil. Of those who received a single dose 31% were
seronegative, although among those with defined times since vaccination 15% were seronegative. The
authors of the study conclude that despite issues regarding test sensitivity and the possible protective
effect of CD8+ T cells, that booster doses are indicated. At the very least the Yellow Fever Working
Group should review that article as well as my commentary on a previous article. Although this may
sound like “I told you so” all | want is an unprejudiced look at the data. | am aware that thereis a
shortage of yellow fever vaccine so there is no urgency to add boosters but in the interests of scientific
accuracy the data should be fairly evaluated.

Best wishes,

Stanley



From: Cohn, Amanda (CDC/OID/NCIRD)

Sent: 3 Nov 2017 13:16:35 +0000

To: Stanley Plotkin

Subject: RE: yesterday

Attachments: Cohn Bennett Welcome Oct 2017_final.pptx

Fram: Stanley Plotkin [mailto:stanley.plotkin@vaxconsult.com]
Sent: Sunday, October 29, 2017 10:33 AM

To: Cohn, Amanda (CDC/OID/NCIRD} <ancO@cdc.gov>
Subject: FW: yesterday

Dear Amanda:
| was very moved by the presentation of the gavel and the kindness of everybody, and am more

than grateful. Would it be possible to send me the slides that Larry showed? Also, could you send me

the emails of Drs. Bennett and Moore?
| am really sorry to be absent in the future, but | will be watching!

Kind regards,
Stanley



Advisory Committee on Immunization
Practices (ACIP)

MEETING OF THE ADVISORY COMMITTEE ON IMMUNIZATION PRACTICESCenters for |






















































From: Cohn, Amanda (CDC/OID/NCIRD)

Sent: 23 Mar 2017 15:57:50 +0000

To: stanley.plotkin@vaxconsult.com

Cc: Advisory Committee on Immunization Practices {CDC);Dr. Chip Walter
{walte002@mc.duke.edu)

Subject: Response to your YF comments

Attachments: Plotkin Letter_March 2017.pdf, Appendix 2_YF vaccine booster dose immunity

GRADE.pdf, Appendix 3_YF vaccine booster policy note MMWR.pdf, FW_ Brazil YF data.msg
Dear Dr. Plotkin,

Attached is a letter from Dr. Bennett responding to the concerns you raised regarding discontinuing the
use of YF vaccine booster doses for most travelers. | apologize for the delay and appreciate your
patiencel

The YF workgroup reviewed your concerns and references during a workgroup meeting and the letter
detaiis what was done and provides specific comments on each reference. Two additional documents
are included as Appendices: the final GRADE tables and the final policy note. Finally, | am also attaching
e-mail communications from the Brazil MOH regarding the potential error in the publication by Camara et
al.

| speak on behalf of all ACIP members when | say we are so grateful for your comments, questions, and
insight you provide around vaccine policy issues.

Best Regards,

Amanda



LA’
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i _/ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

[

‘v
Centers for Disease Control
and Prevention {CDC)
Atlanta, GA 23034%-2724
March 8, 2017

Dear Dr. Plotkin,

We wanted to thank you for raising your concerns at the last ACIP meeting and through your
subsequent letter about the potential continued need for booster doses following yellow fever (YF)
vaccination. We have shared your concems and reference list with the ACIP Flavivirus Vaccines
Workgroup. They have reviewed the references as well as their previous GRADE analysis, and
their findings are noted below.

Members of the workgroup, including the ACIP members, reviewed the references you cited,
searched PubMed for additional relevant articles, and formally discussed the additional references
and concerns you raised. Of the nine references provided, six were published before ACIP
recommended removing YF vaccine booster dose recommendations for most travelers (Appendix
1). All but one of the previously published references were included in the GRADE analysis which
is attached for your reference (Appendix 2). Of the three articles published since ACIP
recommended removing the booster dose recommendation, one was a review, one had data that
had already been partially included in the GRADE analysis, and the last reported the immunologic
response to vaccination in a type I interferon knockout mouse. From the PubMed search, the
workgroup identified one additional article that looked at differences in the immunologic response
to the vaccine by population. They also provided specific input on each of the articles as they
relate to the GRADE policy question and analysis (Appendix 1).

In reviewing the information, the workgroup did not think there was sufficient new evidence to
revise the current ACIP recommendations: that a single primary dose of yellow fever vaccine
provides long-lasting protection and is adequate for most travelers (Appendix 3). The work group
also did not think the new evidence would: 1) change the current groups for whom revaccination
is recommended or considered based on either a suboptimal immune response to the vaccine or an
increased risk of disease; or 2) suggest that further study is needed to determine if revaccination or
booster doses should be considered. However, the workgroup will continue to review new data as
they become available, particularly for groups where there are fewer data available on their longer-
term immunologic response to YF vaccine, such as children.

Thank you again for voicing your concern to ensure that people are adequately protected against
YF. We are so appreciative of your input and concerns.



Respectfully,

Nancy M. Bennett, MD, MS

Chair, Advisory Committee on Immunization Practices
Professor of Medicine and Public Health Sciences
Director, Center for Community Health

University of Rochester School of Medicine and Dentistry

Appendix 1. References and ACIP Flavivirus Vaccines Workgroup notes

Below is a list of references provided by Dr. Plotkin and work group notes regarding the
applicability of the reference to address the poticy question of “Should booster doses of YF
vaccine every 10 years continue to be recommended for healthy travelers and laboratory workers?”

1. Gotuzzo, E., Yactayo, S., & Cordova, E. (2013). Efficacy and duration of immunity
after yellow fever vaccination: systematic review on the need for a booster every 10
years. Am J Trop Med Hyg, 89(3), 434-444, doi: 10.426%/ajtmh.13-0264
Review article performed by a WHO consultant for consideration by SAGE regarding
the decision to retain or remove booster dose recommendations of yellow fever vaccine.
This article was reviewed as part of the GRADE process and is cited in the GRADE
document,

2. Amanna, L J., & Slifka, M. K. (2016). Questions regarding the safety and duration of
immunity following live yellow fever vaccination, Expert Rev Vaccines, 1-13. doi:
10.1080/14760584.2016.1198259
Review article published following the approval of the booster dose recommendations
by ACIP. The article emphasizes the number of vaccine failures in Brazil (published by
Camara et al.} as one of the primary reasons for why they recommend continuing
booster doses. The workgroup had concerns with the data published by Camara et al.
and contacted the Brazil Ministry of Health during the GRADE process to verify the
data. The Brazil Ministry of Health noted issues with the analysis by Camara and
provided unpublished data on vaccine failures that was included in Table 2 in the
GRADE analysis document.

3. Watson, A. M., Lam, L. K., Klimstra, W. B., & Ryman, K. D. (2016). The 17D-204
Vaccine Strain-Induced Protection against Virulent Yellow Fever Virus Is Mediated
by Humoral Immunity and CD4+ but not CD8+ T Cells. PLoS Pathog, 12(7),
el005786. doi: 10.1371/journal. ppar. 1005786
Includes information on the immunoclogic response in a mouse mode] that is deficient in
a Type [ interferon receptor. Although the data suggest less of a role of CD8 T cells it is
unclear how representative this mouse model is for the immunologic response in
humans to yellow fever vaccine or the implications for recommendations for use of a
booster dose.



4. A randomised double-blind clinical trial of two yellow fever vaccines prepared with
substrains 17DD and 17D-213/77 in children nine-23 months old. (2015). Mem Inst
Oswaldo Cruz, 110(6), 771-780. doi: 10.1590/0074-02760150176
These data were published after the GRADE analysis was performed and presented to
ACIP. However, the immunologic response to yellow fever vaccine of many of the
children in this paper was previously published in a study by Nascimento et al where
YT vaccine was given together with MMR vaccine or 30 days apart from MMR. The
data fromn Nascimento has similar seroconversion rates as this study and were included
in Table 9 of the GRADE analysis. The pediatric seroconversion data, including the
Nascimento study, were reviewed by the AAP Committee on Infectious Diseases prior
to the ACIP meeting and it was concluded the immunologic response in children was
not different enough from adulis to warrant a different recommendation in children for
booster doses but they did recommend that additional follow-up studies be conducted.

5. Camara, F. P., de Carvalho, L. M., & Gomes, A. L. (2013). Demographic profile of
sylvatic yellow fever in Brazil from 1973 to 2008. Trans R Soc Trop Med Hyg, 107(5),
324-327. doi: 10.1093/trstmh/trt014
Per direct communication from the Brazil Ministry of Health, data presented in the
paper were not correct (i.e., the authors misinterpreted the database provided by the
Brazil MOH) and the Ministry of Health provided to the workgroup the number of
vaccine failures that the MOH had recorded during this time frame and these data are
presented in Table 2 of the GRADE document.

6. Niedrig, M., Lademann, M., Emmerich, P., & Lafrenz, M. (1999). Assessment of IgG
antibodies against yellow fever virus after vaccination with 17D by different assays:
neutralization test, haemagglutination inhibition test, immunofiuorescence assay and
ELISA. Trop Med Int Health, 4(12), 867-871.

Data included in Table 3 of the GRADE document.

7. Poland, J. D., Calisher, C. H., Monath, T. P., Downs, W, G., & Murphy, K. (1981).
Persistence of neutralizing antibody 30-35 years after Immunization with 17D yellow
Jever vaccine. Bull World Health Organ, 59(6), 895-900.

Data included in Table 3 of the GRADE document.

8. Coulange Bodilis, H., Benabdelmoumen, G., Gergely, A., Goujon, C., Pelicot, M.,
Poujol, P., & Consigny, P. H. (2011). {Long term persistence of yellow fever
neutralising antibodies in elderly persons]. Bull Soc Pathol Exot, 104(4), 260-265.
doi: 10.1007/s13149-011-0135-7
Data included in Table 3 of the GRADE document.

9. Hepburn, M. J., Kortepeter, M. G., Pittman, P. R., Boudreau, E. F., Mangiafico, J.
A., Buck, P. A, ... Anderson, E. L. (2006). Neutralizing antibody response to booster
vaccination with the 17d yellow fever vaccine. Vaccine, 24(15), 2843-2849, doi:
10.1016/).vaccine.2005.12.055
Data were reviewed but not included in the GRADE document as this paper detailed
the immunologic response among laboratory workers at USAMRIID to a booster dose



of the vaccine (e.g., had been previously vaccinated). There were three groups of
individuals based on their pre-booster dose titer (10, 20-40, and >40). The number of
vaccine doses and the time from the last vaccine dose were not known or not inciuded
in the paper so determining the duration of an immunologic response was not possibie.
The data presented noted that African American individuals had a lower post
vaccination titer than white individuals in response to the booster dose. They also found
that antibody decay rates varied based on the pre-booster dose titer and fell below a titer
of 40 using a PRNTjg (what they called titer failures) within a few years of the booster
dose. The work group used a detectable titer to represent protective immunity and
WHO considers a PRNT;; titer of 10 as satisfactory evidence of immunogenicity for
new virus master and working seeds.’

10. Muyanja E, et al. Immune activation alters cellular and humoral responses to yellow
Jever 17D vaccine, J Clin Invest 2014; 124: 3147-3158.
This article was not included among the reference but was identified by the workgroup
through a PubMed search as having potential data relevant to the difference in the
immunologic response to YF vaccination between different populations (endemic
African population versus traveler population from Europe). The study included 50
persons from Entebbe, Uganda and 50 from Lusanne, Switzerland. Each location had
persons who had previously received YF vaccine and those that reported never
receiving the vaccine. The authors found the persons living in endemic areas had a less
vigorous antibody response to the vaccine correlating this with higher background
reactivity in CD8+ T cell and B cell in the endemic cohort that blunted vaccine viral
replication and lead to decreased antibody levels. Although these populations were
likely of different races, it is unclear if race had a role compared to the differences in
the environment (e.g., chronic or acute inflammatory conditions) that would affect
baseline immune activity and subsequent immunologic response to the vaccine.

' World Health Organization. Recommendations to Assure the Quality, Safety and Efficacy of Live
Atienuated Yellow Fever Vaccines. Geneva, Switzerland: WHO, 2010,
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The risk of acquiring YF is difficult to predict because of variations in ecologic determinants
of virus transmission. For a 2-week stay, the estimated risks for illness and death attributed to YF
for an unvaccinated traveler traveling to an area of West Africa where the disease 1s endemic are
50 and 10 per 100,000 population, respectively; for South America, the risks for illness and death
are five cases and one case per 100,000 population, respectively [Monath 2002]. These crude
estimates for unvaccinated travelers are based on risk to indigenous populations, often during
peak transmission season. Thus, these risk estimates might not reflect accurately the actual nisk
to travelers, who might have a different immunity profile, take precautions against getting bitten
by mosquitoes, and have less outdoor exposure. Furthermore, it is unknown how the potential
risk of the disease differs in persons who have received at least one dose of YF vaccine >10
years previously.

Recommendations regarding the use of YF vaccine booster doses for travelers must weigh
the overall risk for travel-associated YF disease in persons who have previously received a dose
of the vaccine, the lack of treatment, high mortality (80%) in travel-related cases, the low
probability of serious adverse events following revaccination, and the cost of the vaccine (Table
10). High value is placed on preventing this life-threatening disease. A survey performed in the
United States in 2001 found that both parents and community members were willing to pay a
median of $500 to reduce the risk of bacterial meningitis from 21 per 100,000 to 6 per 100,000
[Prosser 2004]. Although the disease presentation and population used in the survey are different
than what would be expected for YF among travelers, they establish a willingness to pay to
prevent a serious outcome.

Review health economic data

There are no studies of the potential cost-effectiveness of vaccinating travelers or laboratory
workers against YF either with primary or booster doses of the vaccine. However, given the
large numbers of travelers to endemic areas {(~3 million annually of which an estimated 150,000
could need a booster dose of vaccine), the risk for YF disease for unvaccinated travelers (5-50
case per 100,000 unvaccinated travelers), and the cost of YF vaccine ($150-$350) [Monath
2002; Costhelper 2014], providing a booster dose of YF vaccine to all travelers going to endemic
areas would not be cost-effective. In addition, for some travelers with lower risk itineraries, even
a very low probability of vaccine-related serious adverse events might be higher than the risk for
disease. Therefore, YF vaccine booster doses should be targeted to travelers who, on the basis of
their planned travel itinerary and activities, are at increased risk for disease.

Travel vaccines, such as YF vaccine, are usually paid for by the travelers themselves; they
are not covered under the Vaccines for Children (VFC) program or by most private insurance
plans. As a result, we decided not to perform a cost-effectiveness study of removing booster
doses of YF vaccine for U.S. travelers or laboratory workers. Furthermore. none of the Work
Group members consider cost-effectiveness study critical to make recommendations regarding
YF vaccine booster doses for healthy travelers and laboratory workers.

Assess the balance of risks and benefits

A primary dose of YF vaccine is effective with very few vaccine failures documented and most
(92%) of vaccine recipients maintaining seropositive levels of neutralizing antibodies at >10
years post vaccination. However, the number of persons from whom the seropositivity data are
derived is limited and over half (59%) of the data come from persons living in YF endemic areas.
The data also suggest that 20% (95%CI 14%—26%) of persons who received YF vaccine >20
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GRADE tables for yellow fever vaccine booster doses

Table 2. Vaccine effectiveness measured by vaccine failures reported following yellow fever (YF) vaccination

Revised: June 3, 2015

Lab Timing post

Study Population Type Age Group confirmed vaccination Outcome

Died (2),
Elliot 1944 Non-endemic Obs Adult 0 15 mo, 16 mo, 16 mo Survived (1)
Ross 1953 Non-endemic Obs Adult 0 Died
Nolla Salas 1989 Non-endemic Obs Adult 0 Survived
Akoua-Koffi 2001 Endemic Obs Unknown 0 Survived (6)

10 dy-10 yr (5),
Brazil 2014} Endemic Obs Unknown 73 20 yr (1), 27 yr (1) Unknown
Non-endemic/ Adult or Died (3}, Unknown

All Endemic Obs (5) Unknown 7 10dy - 27 yr (7), Survived (8)

Obs = observational study; dy = days; mo = months; yr = years

'Data were provided by the Brazilian Ministry of Health to resolve overlap and errors in four published studies regarding vaccine failures in Brazil

(Tubeoi 2007, de Filippis 2004, Saraiva 2013, and Camara 2013).

2A total of 12 vaccine failures were identified but five occurred <10 days after vaccination and were excluded.

*Laboratory confirmation defined in the study as 1) detection of YF virus-specific IgM antibedies, 2) isclation of YF virus, 3) YF-compatible
pathological changes in liver tissue, 4) detection of YF virus antigen by immunohistochemistry, or 5) four-fold or greater rise in YF virus-specific
1gG antibody titers. The specific laboratory criteria used to conflirm the seven cases was not noted. Due to the persistence of IgM antibodies thai

can occur following vaccination [Gibney 2012], these cases lacked definitive evidence of a recent infection with wild-type YF virus.
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Table 4. Serious adverse events reported following yellow fever (YF) vaccination by dose type

Reporting Number of cases by dose type
Study Location Period Type Doses Primary Booster Unknown
CDC 2015 Non-endemic 2007-2013 Obs 3,631,535 96 11! 0
Cottin 2013 Non-endemic/Endemic 1993-2010 Obs 276,000,000° -3 -- 805
Schumacher 2010 Non-endemic 1991-2001 Obs 272,727 - -- 7
Lindsey 2008 Non-endemic 2003-2006* Obs 902,500 54 1’ 0
Khromava 2005 Non-endemic 1990-2002 Obs 9,600,000 13 2¢ 32
Biscayart 2014 Endemic 2008-2009 Obs 1,940,000 24 -~ 9
Breugelmans 2013 Endemic 2007-2010 Obs 38,009,411 -- -- 164
Fernandes 2007 Endemic 1999-2005 Obs 499.714 - -- 24
Fitzner 2004 Endemic 2001 Obs 2,600,000 - - 137
All Non-endemic/Endemic  1990-2013  Obs (9) 333,455,887 187 14 1054

Obs = observational study

'All 11 serious adverse event cases were reported in adults who were hospitalized following their second (n=10) or third (n=1} dose of YF
vaccine. The cases included: ) Guillain-Barré syndrome (GBS) 16 days post vaccination; 2} GBS 7 days post vaccination; 3) encephalitis 4
days post vaccination; 4) bilateral optic neuritis 2 days post vaccination; 5) anaphylaxis with angioedema on the day of vaccination; 6) lower
extremity cellulitis 7 days post vaccination; 7} acute appendicitis requiring surgery 2 days post vaccination; 8) fever and right lower quadrant
pain 5 days post vaccination; 9) fever and syncope | day post vaccination; 10) myalgia and upper extremity weakness 3 days post vaccination;
and 11} lymphadenitis 26 days post vaccination, subsequently diagnosed as Hodgkin’s lymphoma.

Of the 276 million doses, 16.2 million (5.8%) doses were given to nen-endemic populations (e.g., travelers).

IIndicates that cases are not reported for the specific dose type.

*The published study includes data from 2000-2006 but 2000-2002 removed to prevent overlap with data from Khromova 2005.

*One case of appendicitis requiring surgery at [ day post vaccination.

®One case reporting numbness and weakness at 12 days post vaccination and one case with abdominal pain and yellow stools requiring
hospitalization at 7 days post vaccination.

Cases not explicitly defined as having serious adverse events but 13 out of 87 adverse events required hospitalization and were considered to be
serious.
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Table 6. Yellow fever vaccine-associated neurologic disease (YEL-AND) by dose type

Reporting Number of cases by dose type
Study Location Period Type Doses Primary Booster Unknown
Cottin 2013 Non-endemic/Endemic 1993-2010 Obs 276,000,000! 10 1° 13
Lindsey 2008 Non-endemic 2003-2006° Obs 902,500 6 -4 -
Khromava 2005 Non-endemic 1990-2002 Obs 9,600,000 10 - --
Kitchner 2004 Non-endemic 1991-2003 Obs 3,046,007 - - 4
Martins 2014 Endemic 2009-2012° Obs 30,745,743° 59 2 --
Biscayart 2014 Endemic 2008-2009 Obs 1,940,000 12 - --
Breugelmans 2013 Endemic 2007-2010 Obs 38,009,411 - - 6
Martins 2010 Endemic 2000-2008 Obs 101,564,083 -- - 85
All Non-endemic/Endemic 1990-2010 Obs (8) 461,807,744 107 3 108

Obs = observational study

Of the 276 million doses, 16.2 million {(5.8%) doses were given to non-endemic populations {e.g., travelers).

*One suspected case in a 45-year-old female who had illness onset 13 days following a booster dose of the vaccine. Her clinical features were listed
as a suspected “multiple sclerosis syndrome™; no yellow fever (YF) specific-testing performed. She had “favorable outcome with corticosteroids™.

*The published study includes data from 2000-2006 but 2000-2002 removed to prevent overlap with data from Khromova 2005.

*Indicates that cases are not reported for the specific dose type.

The study includes data from 2007-2012 but 2007-2008 removed to prevent overlap with Martins 2010.

®Approximately 13 million doses were administered as booster doses. Total number of booster doses was derived by dividing the total number of
booster doses administered by the number of years and assumed roughly the same number of doses delivered each year.

’One probable case in a 62-year-old female who was diagnosed with Guillain Barre syndrome at an unknown time post vaccination; one probable
case in a 20-year-old male who became symptomatic 14 days post vaccination and was diagnosed with acute disseminating encephalomyelitis.

Page 21 of 25






GRADE tables for yellow fever vaccine booster doses Revised: June 3, 2015

Table 8. Overall guality of evidence for vellow fever (YF) vaccine booster doses in healthy travelers and laboratory workers

Study design Evidence Overall quality
Outcome (# studies) Finding type' of evidence
Vaccine effectiveness Obs (5) Very few vaccine failures documented 4 I
Seropositivity Obs (13) Most (92%) seropositive at >10 years post vaccination 4
Serious adverse events Obs (9) Very few events reported after booster doses 4 >‘ 4
Viscerotropic disease Obs (8) Very few events reported afier booster doses 4
Neurologic disease Obs (8) Very few events reported after booster doses 4 _/

Obs = observational study

'Evidence type;

1 = Randomized control trials (RCTs} or overwhelming cvidence from observational studies

2 = RCTs with important limitations, or exceptionally strong evidence from observational studies

3 = Observational studies. or RCTs with notable limitations

4 = Clinical experience and observations, observational studies with important limitations, or RCTs with several major limitations
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Table 9. Seroconversion rates following a primary dose of yellow fever (YF) vaccine in young children

Study Population YF Vaccine Other vaccine(s)* Age Assay used Seroconverted”

No. (%)
Belmusto-Worn 2005 Endemic 17D-204 None 9 mo-10 yo LNI 917/981 (93)
Nascimento 2011 Endemic  17DD/17D-213 ﬁﬂ‘; 12-23 mo PRNT g;gﬁég E%
Yvonnet 1986 Endemic 17D-204 BCG, DTP, HepB, M, Polio 9-36 mo PRNT g 170/183 (93)
Coursaget 1995 Endemic 17D-204 HepB, M 9 mo PRNT g 165/172 (96)
Lhuillier 1989 Endemic 17D-204 M 6-9 mo HIA 122/135 (9
Mouchon 1990 Endemic 17D-204 M 6-10 mo PRNT 3o 131/139 94
Stefano 1999 Endemic 17DD M 9 mo PRNT s 228/294 (78)
Adu 1996 Endemic 17D-204 M 6-12 mo ELISA 379/400 (95)
Soula 1991 Endemic 17D-204 M 4-24 mo PRNT 158/167 (95)
Ruben 1973 Endemic 17D-204 M, DPT, S 6-24 mo PRNT 158/165 (96)
Gateff 1973 Endemic 17D-204 BCG,M, S5, T 1-5 yo HIA 119/139 (86)
Osei-Kwasi 2001 Endemic 17D-204 None 6-9 mo PRNT 284/289 98)

BCG = Bacillus Calmetie-Guerin vaccine; DTP = diphtheria, tetanus, and pertussis combined vaccine; ELISA = enzyme-linked immunosorbent
assay; HepB = hepatitis B vaccine; HIA = hemagglutination inhibition assay; LNI = logy neutralization index; M = measles vaccine; MMR=
measles, mumps, and rubella combined vaccines; mo = months old; PRNT = plaque reduction neutralization test; S = Smallpox; T = tetanus; yo =
years old

‘Except for Nascimento, serocoversion rates following concurrent administration of YF vaccine with other vaccines compared to administration
alone was not significantly different so the proportion are for all children who received YF vaccine. For Nascimento, a significant difference was
seen between seroconversion rates when YF vaccine was co-administered with MMR vaccine versus given 30 days post MMR vaccine; these data
are presented individually.

*Measured 30-90 days post YF vaccination.

*Percent seroconversion is for per protocol population; numerator and denominator data estimated from total numbers in each cohort.
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Table 10. Considerations for formulating recommendations for use of yellow fever (YF) vaccine booster doses in healthy
travelers and laboratory workers at increased risk of exposure to YF virus

Key factors Comments

Evidence type for benefits and harms » Overall evidence type 4 for vaccine effectiveness, seroprotection, and serious
adverse events
e Downgraded due to risk of bias (incomplete case capture, those tested for long-
term seropositivity), and indirectness (data from endemic populations, no efficacy
data, and unknown rates of adverse events with booster doses)

Balance between benefits and harms e Very few vaccine failures identified following YF vaccine
* Most (92%) of primary vaccine recipients are seropositive at >10 years post
vaccination

» Serious adverse events are uncommon following booster doses of the vaccine

Value » Prevent a serious disease with no treatment and poor outcomes
¢ Inform decisions about YF vaccination based on a traveler’s planned itinerary

Cost-effectiveness » Not evaluated
e Likely low risk of disease in persons receiving a dose of YF vaccine
» High vaccine cost for vaccines that is usually paid for by the travelers
themselves; YF vaccine 1s not covered under the Vaccines for Children program
or most insurance plans.
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On February 26, 2015, the Advisory Committee on
Immunization Practices (ACIP) voted thar a single primary
dose of yellow fever vaccine provides long-lasting protection
and is adequate for most travelers (7). ACIP also approved
recommendations for at-risk laboratory personnel and certain
travelers to receive additional doses of yellow fever vaccine
(Box). The ACIP Japanese Encephalitis and Yellow Fever
Vaccines Workgroup evaluated published and unpublished
data on yellow fever vaccine immunogenicity and safety. The
evidence for benefits and risks associated with yellow fever
vaccine booster doses was evaluated using the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) framework (2,3). This report summarizes the evi-
dence considered by ACIP and provides the updated recom-
mendations for yellow fever vaccine booster doses.

Yellow fever is a mosquito-borne viral disease that is endemic
to sub-Saharan Africa and tropical South America. Worldwide,
yellow fever virus causes an estimated 200,000 cases of clinical
disease and 30,000 deaths annually (4). Clinical disease ranges

Recommendations ﬁ;i‘ voutine tse o_rf vaceines in children, ado-

lescents, and adults ave developed by the Advisory Committee on

Immunization Practices (ACIP). ACIP is chartered as a federal
:m"zxfm:y committee to pmvx'd'e expert external advice and gaia"—

ance to the Director of the Centers for Disease Control and Pre-

vention (CDC) on use of vaccines and related agents for the con-

trof nf mccx'ne—Prer;enMMe diseases in the civifian papufmﬁan of
the United States. Recommendations for routine use of vaceines
in children and adolescents are harmonized to the greatest extent
pasjiéi’f with recommendations made by the American Academ Ly
of Pediatrics (AAP), the American Academy of Family Physicians
(AAFP), and the Amevican Cw’f{gf' of Obstetricians and Gyne-

cologists (ACOG). Recommendations for rautine use of vaccines in

adults arve harmonized with recommendations of AAFR ACOG,

and the American Cm’ff’gﬂ of Pf]ysif’fmrj (ACP). ACIP recommen-

dations approved by the CDC Direcror become agency guidelines
on the date published in the Morbidity and Mortality Weelly Re-

part (MMWR). Additional information regarding ACIP is avail-

able at hap:tiwune cde.govivaccines/acip.

from a mild, nonspecific febrile illness to severe disease with
jaundice and hemorrhage. The case-fatality rario tor severe yel-
low fever is 20%—50% (5), Because no specitic treatment exists,
prevention through vaccination is critical to reduce morhidiry
and mortality from yellow fever virus infection.

The risk of a traveler acquiring yellow fever varies based on
season, location, activities, and duration of their travel. For a
2-week stay, the estimarted risk for illness attributed to yellow
fever for an unvaccinated traveler to West Africa is 50 cases per
100,000 population; for South America, the risk for illness is
five cases per 100,000 population (6).

FeaLW ruver vasuion i reeonnviues s pusis apdcd
29 months who are traveling to or living in areas with risk
for yellow fever virus transmission (7). International Health
Regulations allow countries to require proof of yellow fever
vaccination from travelers entering their country (8}. I'hese
requirements are intended to minimize the potential importa-
tion and spread of yellow fever virus. Currently, International
Health Regulations specify that a dose of yellow fever vaccine
is valid for 10 years. Therefore, at present, travelers to countries
with a yellow fever vaccination entry requirement must have
reccived a dosc of yellow fever vaccine within the past 10 years.

Recent changes to yellow fever vaccine recommenda-
tions. In April 2013, the World Health Organization Strategic
Advisory Group of Experts on Immunization concluded thata
single primary dose of yellow fever vaccine is sufficient to confer
sustained immunity and lifelong protection against yellow fever
disease, and that a booster dose is not needed (9). This conclu-
sion was based on a systematic review of published studies on
the duration of immunity after a single dose of yellow fever
vaccine, and on dara that suggest vaccine failures are extremely
rare and do not increase in frequency with time since vaccina-
tion (I0). The advisory group noted thar future studies and
surveillance data should be used to identify specific risk groups,
such as persons infected with human immunodeficiency virus
(HIV} or infants, who might benefit from a booster dose. In
May 2014, the World Health Assembly adopted the recom-
mendation to remove the 10-year booster dose requirement
from the [nternational Health Regulations by June 2016 (11).



INQ (0403 are avalanie on vaccingd C].TICQ.CY Or pr()tcctivt‘ aﬂti‘
body titers (i.e., scroprotection) related to long-term immu-
nogenicity after yellow fever vaccination. Benefits considered
critical in assessing the need for booster doses of yellow fever
vaccine for U.S. travelers or laboratory workers included vac-
cine effectiveness (i.e., a lack of vaccine failures) and evidence
of seropositivity (i.e., vellow fever virus—specific antibodies
detected in a blood sample} (3).

Vaccine effectiveness. A total of 23 vaccine failures were
identified after the administration of »>540 million doses of
yellow fever vaccine (3). Of the 23 cases, five occurred <10 days
after vaccination and were excluded because most persons are
not expected to develop protective titers in that timeframe (5).
Of the remaining 18 cases, 16 {89%) occurred in persons who
rcporied recetving a dosc of the vaccine within the previous
10 years (3). Onc vaccine failure occurred ar 20 years and one
at 27 years post-vaccination.

Seropositivity, Thirteen observational studies provided
immunogenicity data on 1,137 persons vaccinated 210 years
previously (3). Using a random effeces model, the estimated
seropositivity rate for persons vaccinated 210 years previously
was 92% (95% confidence interval [Cl] = 85%-96%). Of the
164 persons vaccinated 220 years previously, the estimated

seropositivity rate was 80% (CI = 74%-80%).

Sertous adverse events, yellow fever vaccine—assocrated vis-
cerotropic discase (a severe illness similar ro wild-type diseasc),
and yellow fever vaccine-associated neurologic disease were
considered critical risks to assess the need for yellow fever
vaccine booster doses (7.

Serious adverse events. Nine observational studies provided
data on serious adverse events for 333 million discributed
doses of yellow fever vaccine (3). Overall, 1,255 persons were
reported to have a serious adverse event after yellow fever
vaccination. For most (84%) petsons, it was unknown if the
adverse event occurred after a primaty or booster dose of the
vaccine, Of the 201 persons with a serious adverse event where
dosc type was known, 14 (7%) of the adverse cvents occurred
after a booster dose of vaccine.

Viscerotropic disease. Eight observational studies provided
data on viscerotropic disease for 437 million distributed doses
of yellow fever vaccine (3}). A total of 72 persons had yellow
fever vaccine—associated viscerotropic disease. Of the 31
persons where dose type was known, one (3%) had viscero-
tropic disease after receiving a booster dose of the vaccine; no

BOX. Recommendations for use of yellow fever vaccine booster doses™

+ A single primary dosc of yellow fever vaccine provides
long-lasting protection and is adequate for most
travelers [Category Al

» Additional doses of yellow fever vaccine are
recommended for certain travelers:

— Women who were pregnant {regardless of trimester}
when they received their initial dose of yellow fever
vaccine should receive 1 additional dose of yellow
fever vaccine before their next travel that puts them
ar risk for yellow fever virus infection {Category Al;

— Persons who received a hematopoietic stem cell
transplant after receiving a dose of yellow fever
vaccine and who are sufficiently immunocompetent
to be safely vaccinated should be revaccinated before
their next travel that puts them at risk for yellow
fever virus infection [Category Al;

— Persons who were infected with human
immunodeficiency virus when they received their
last dose of yellow fever vaccine should receive a
dose every 10 years if they continue to be ac risk for
yellow fever virus infection [Category Al.

¢ A booster dose may be given to travelers who received
their last dose of yellow fever vaccine at least 10 years
previously and who will be in a higher-risk setting based
on season, location, activities, and duration of their
travel [Category B]. This would include cravelers who
plan to spend a prolonged period in endemic areas or
those traveling to highly endemic areas such as rural
West Africa during peak transmission season or an area
with an ongoing outbreak.

* Laboratory workers who routinely handle wild-ctype
yellow fever virus should have yellow fever virus—
specific neutralizing antibody titers measured ar least
every 10 years to determine if they should receive
additional doses of the vaccine. For laboratory workers
who are unable to have ncutralizing antibody titers
measured, yellow fever vaccine should be given every
10 years as long as they remain at risk [Caregory Al

* Persons heing considered for additional doses of yellow fever vaccine should
be assessed for contraindications or precautions in accordance wirh the
current vellow fever vaccine ACIP recommendations (7).

laboratory testing to assess vaccine causality was performed
for that case.

Neurologic disease. Eight obscrvarional studies provided
neurologic disease data for approximately 462 million






addirional doses may be given to certain groups believed to be
at increased risk for yellow fever disease either because of their
location and duration of travel or because of more consistent
exposure to virulent virus (i.e., laboratory workers). ACIP
meeting minutes are available at htip:/fwww.cdc.gov/vaccines/
acip/meetings/meetings-info.heml.

Members of the Advisory Commirtee on Immunization Practices
(ACIP}. ACIP Japanese Encephalitis and Yellow Fever Vaccines
Workgroup. Bradley Biggerstaff, National Center for Emerging and
Zoonotic Diseases, CIDC, ACIP member roster for July 2014-June
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!National Center for Emerging and Zoonotic Discases, CDC; 2Advisory
Commiree on Immunization Practices; *Louisiana State University Health
Sciences Cenrer, Shreveporr, Louisiana: North Shore-Long Istand Jewish
Healeh Systemn, New Hyde Park, New York.
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From: Stanley Plotkin

Sent: 10 Jul 2019 11:08:46 -0400

To: Cohn, Amanda (CDC/DDID/NCIRD/OD)

Cc: Messonnier, Nancy (CDC/DDID/NCIRD/OD);' Tom Monath';'Mark Slifka'
Subject: yellow fever boosters

Attachments: Yellow Fever Referencesluly 10.docx

Dear Amanda:

You may recall that a couple of years ago the ACIP recommended against routine boosters of
yellow fever vaccine except in individuats with immune deficits. You may also recall that | spoke against
that change based on the available data but the committee went on to make the recommendation
anyway.

I return to the subject because of a new publication (the last on the attached list) that shows
considerable loss of titer in normal individuals in Brazil. Of those who received a single dose 31% were
seronegative, although among those with defined times since vaccination 15% were seronegative. The
authors of the study conclude that despite issues regarding test sensitivity and the possible protective
effect of CD8+ T cells, that booster doses are indicated. At the very least the Yellow Fever Working
Group should review that article as well as my commentary on a previous article. Although this may
sound like “l told you so” all I want is an unprejudiced look at the data. | am aware that thereis a
shortage of yellow fever vaccine so there is no urgency to add boosters but in the interests of scientific
accuracy the data should be fairly evaluated.

Best wishes,

Stanley
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