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V ACCINE REPORTS

Safety and Immunogenicity of an Inactivated
Quadrivalent Influenza Vaccine in Children 6 Months
through 8 Years of Age

David P Greenberg, MD,* 1 Corwin A. Robertson, MD, MPH., * Victoria A. Landolfi, MS, MBA, *
Amitabha Bhaumik, PhD,* Shelly D. Senders, MD, [ and Michael D. Decker, MD, MPH*¢

Background: Strains of 2 distinct influenza B lineages (Victoria and Yama-
gata) have cocirculated in the United States for over a decade, but trivalent
influenza vaccines (TIVs) contain only 1 B-lineage strain. Each season,
some or most influenza B disease is caused by the B lineage not represented
in that season’s TIV. Quadrivalent influenza vaccines (QIVs) containing a
strain from each B lineage should resolve this problem.

Methods: This was a Phase 111, randomized, multicenter trial in the United
States among children 6 months to <9 years of age to evaluate the safety
and immunogenicity of inactivated QIV compared with inactivated control
TIVs containing opposite B-lineage strains, Participants were randomized
at a ratio of approximately 4:1:1 to receive QIV, TIV containing a Victoria-
lineage B strain or TIV containing a Yamagata-lineage B strain. Sera were
collected pre- and 28-days post-final vaccination and safety was assessed
for 6 months after the last injection.

Results: A total of 4363 participants were enrolled. QI'V induced noninfe-
rior antibody responses to all A strains and corresponding B strains com-
pared with the control TIVs and superior antibody responses to the noncor-
responding B strain in each TIV. Rates of solicited reactions and unsolicited
and serious adverse events were similar in all groups.

Conclusions: This study demonstrated that QIV is safe and immunogenic
among children 6 months to <9 years of age. These findings, along with
data from 2 other studies of this QIV in adults, suggest that QIV should
offer protection against both B lineages with a safety profile similar to TIV
across all ages.
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(Pediatr Infect Dis J 2014:33:630-636)

Despite widespread availability of vaccines, influenza remains
a serious health risk for children in the United States. Dur-
ing the 2008—2009 through 20112012 influenza seasons, national
laboratory-confirmed influenza hospitalization rates were between
14.2 and 72.8 per 100,000 children < 4 years of age and between
4.2 and 27.3 per 100,000 children 5-17 years of age.! During the
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same period, the total number of pediatric deaths ranged from a
low of 26 during the 2011-2012 season to a high of 348 during the
2009-2010 pandemic season.'

To help prevent influenza virus infection and disease, the
Advisory Committee on Immunization Practices of the US Cent-
ers for Disease Control and Prevention recommends routine annual
influenza vaccination for all children =6 months of age.” Seasonal
trivalent inactivated influenza vaccines (TIVs) contain 2 influenza
A subtype strains, | A/HIN1 strain and 1 A/H3N2 strain and 1
influenza B strain, from either the Victoria or Yamagata lineage.
These 2 B lineages have circulated globally since the mid-1980s;*
however, before 2001, only 1 lineage predominated in the United
States each season. Since the 2001-2002 season, both B lineages
have cocirculated with varying frequencies.*

In February of each year, advisory committees of the World
Health Organization and US Food and Drug Administration meet to
choose which A/HIN1, A/H3N2 and B strains should be included
in TIVs for the upcoming influenza season in the Northern Hemi-
sphere. The decision is based on global virologic and epidemiologic
surveillance and serologic studies in which circulating strains are
tested against ferret and human antibodies. Despite extensive anal-
ysis of these and other data, it is difficult to predict, 8—14 months
in advance, which B lineage will predominantly circulate in the
upcoming influenza season.

The B lineage selected by the World Health Organization
and US Food and Drug Administration for vaccine formulation has
matched the predominant circulating lineage in only 6 of the past
12 seasons.” During this period, influenza B viruses caused a yearly
average of approximately 25% of all influenza cases in the United
States, with yearly proportions as high as 44%.° Even when the
predominant B-lineage strain is correctly chosen, because cocircu-
lation occurs annually, some proportion of influenza is caused by
an opposite B-lineage strain. For example, during the 2011-2012
season, 51% of circulating B strains were from the Yamagata line-
age and 49% were from the Victoria lineage.

While vaccination enhances immunity against the influenza
strains contained in TIV, the degree of protection depends in part
on how well the vaccine strains match those actually circulating
during the influenza season. When the vaccine and circulating A
strains are not well-matched or the B strains are of ditferent lin-
cages, the effectiveness of vaccination is reduced.® During the
2006-2007 influenza season, among persons 29 years of age in
Canada, the effectiveness of TIV against a well-matched A/HINI
strain was 92% [95% confidence interval (CI): 40-91%], whereas
the effectiveness of the same TIV, containing a Victoria-lineage B
strain, against the circulating Yamagata B-lineage strain was only
19% (95% CI: 112-69%).7

Quadrivalent inactivated influenza vaccine (QIV) containing
a strain from each of the 2 B lineages, in addition to the standard
A/HINI and A/H3N2 strains, should resolve the issue of B-lineage
mismatch. A modeling study conducted by the US Centers for Dis-
ease Control and Prevention found that replacing TIV with QIV
has the potential to reduce annual influenza cases, hospitalizations
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and deaths.® Before a manufacturer’s QIV can be approved for gen-
eral use, regulatory authorities must be assured that there are no
safety concerns compared with standard-of-care TIVs, and there is
no immunologic interference caused by the addition of the second
B-lineage strain. We report here the results of a Phase Il multi-
center study conducted in the United States during the 2010-2011
influenza season to assess the safety and immunogenicity of QIV
compared with control TIVs among children 6 months to <9 years
of age.

MATERIALS AND METHODS
Study Design

This was a Phase 111, randomized, observer-blinded, active-
controlled, 3-arm, multicenter trial to assess the safety and immu-
nogenicity of QIV compared with control TIVs in a pediatric popu-
lation (NCT Registry No.: NCT01240746). The primary objective
was to demonstrate that for each A and B strain QIV induced
noninferior antibody responses compared with those induced by
2 control TIVs, each containing the same A strains and either a
Yamagata- or Victoria-lineage B strain. The secondary objective
was to demonstrate that for each B strain QIV induced superior
antibody responses compared with those of each respective TIV
not containing the same B-lineage strain. The study was performed
at 69 centers in the United States during the 2010-2011 influenza
season. It was approved by all relevant institutional review boards
and was carried out in accordance with International Conference
on Harmonization Guidelines for Good Clinical Practice and the
Declaration of Helsinki. Written informed consent was obtained
from parents or legal guardians before children were included in
the trial. In addition, for children 7 to <9 years of age, signed assent
was obtained. Enrollment took place between November 11, 2010,
and June 20, 2012.

Study Population and Sample Size Calculation

Children included in the study had to be 6 months to <9
years of age and generally in good health. In addition, those who
were 6 months to <24 months of age had to be born at full term
(=37 weeks) and with a birth weight 22.5kg (5.5 lbs). Children
were excluded if they had a history of allergy to egg proteins, latex
or any constituents of the vaccine; a history of serious adverse
reactions to any influenza vaccine; received any vaccine in the 4
weeks preceding the first study vaccination (or scheduled between
study visits) or influenza vaccine after August 1, 2010; a history
of Guillain-Barré syndrome; a known or suspected congenital or
acquired immunodeficiency; received immunosuppressive therapy
within the preceding 6 months or long-term systemic corticoster-
oid therapy within the past 3 months; a history of developmental
delay, neurologic disorder or seizure disorder; known seropositivity
to human immunodeficiency virus, hepatitis B or hepatitis C; or
received blood or blood-derived products in the past 3 months.

Enrollment was stratified by age so that approximately half
of the participants at each site were 6 months to <36 months of
age and half were 3 years to <9 years of age. Enrollment targets
were 3340 children in the QIV group and 800 children in each of 2
control TIV groups. This was estimated to yield 95% overall power
to demonstrate that the immunogenicity of QIV was noninferior to
TIV for all 4 strains and 90% power for each age group separately
(6 months to <36 months and 3 years to <9 years) assuming that
90% of those enrolled would be evaluable (approximately 3000 for
QIV and 720 for each TIV). This was also estimated to result in at
least 99% power to demonstrate immunologic superiority of QIV
compared with each respective TIV not containing the correspond-
ing B strain for each age group separately and overall.

© 2014 Lippincott Williams & Wilkins

Vaccine Formulation and Administration

QIV contained A/California/07/2009 (HINI1), A/Victo-
ria/210/2009 (H3N2), B/Brisbane/60/2008 (B Victoria lineage)
and B/Florida/04/2006 (B Yamagata lincage) strains. A licensed
2010-2011 formulation of TIV (Fluzone, Sanofi Pasteur, Swift-
water, PA) contained B/Brisbane/60/2008 and an investigational
TIV contained B/Florida/04/2006. Each TIV contained the same
A/HINI and A/H3N2 strains as QIV. Each vaccine was formulated
to contain 30 pg hemagglutinin/strain/mL. Doses were provided in
prefilled 0.25- or 0.5-mL, single-dose syringes or in 0.5-mL, sin-
gle-dose vials. Vaccine potency was assessed periodically through
a routine stability monitoring program.

Participants were randomized at a ratio of approximately
4:1:1 to be immunized with QIV, licensed TIV or investigational
TIV, using a programmed interactive voice response system. Partic-
ipants were immunized with the appropriate dose of vaccine based
on age at the time of enrollment; 0.25mL for children 6 to <36
months of age and 0.5 mL for children 3 to <9 years of age.? Par-
ticipants received 1 or 2 doses of study vaccine 4 weeks (window,
28-35 days) apart based on their influenza vaccine history, as rec-
ommended by the Advisory Committee on Immunization Practices
for the 2010-2011 season.’ All immunizations were administered
by intramuscular injection into the anterolateral thigh or the del-
toid region. The vaccinees, family members and all site personnel
except the vaccination nurse (who did not collect safety data) were
blinded to the administered vaccine.

Hemagglutination Inhibition Assay and
Immunogenicity Endpoints

Blood samples were collected on day 0 (prevaccination) and
day 28 (window, days 28-35) after the final vaccination. A vali-
dated hemagglutination inhibition assay, approved by the Food and
Drug Administration for clinical trial testing, was used to quantify
antibody titers against study vaccine antigens. Assays were per-
formed by Sanofi Pasteur personnel who were blinded to vaccine
assignment. Control and participant sera were incubated with type
I11 neuraminidase to eliminate nonspecific inhibitors. Spontaneous
antispecies agglutinins were adsorbed by incubating the sera with
a suspension of Turkey red blood cells. Ten 2-fold dilutions (start-
ing at 1:10) of the treated sera were incubated with a previously
titrated influenza virus solution at a concentration of 4 hemaggluti-
nation units/25 pL. The reported hemagglutination inhibition titer
corresponded to the highest serum dilution resulting in complete
inhibition of hemagglutination and was determined in 2 independ-
ent assay runs.

The titer for each sample was calculated as the geometric
mean of the reciprocal of the 2 independent values. The lower limit
of quantitation was a titer of 1:10; samples with titers below this
level were assigned a titer of 1:5. The seroprotection rate for each
group was defined as the percentage of vaccinees with a titer 21:40.
The seroconversion rate for each group was defined as the percent-
age of vaccinees with either a prevaccination titer <1:10 and a post-
vaccination titer >1:40 or a prevaccination titer =1:10 and a =4-fold
increase in titer postvaccination.

Safety Assessments

Solicited injection-site and systemic reactions were recorded
for 7 days after each vaccination. Solicited reactions differed by
age: for children 6 months to <24 months of age, injection-site ten-
derness, erythema and swelling; systemic fever, vomiting, abnor-
mal crying, drowsiness, loss of appetite and irritability; for chil-
dren 2 years to <9 years of age, injection-site pain, erythema and
swelling; systemic fever, headache, malaise and myalgia. Unsolic-
ited adverse events (AEs) and serious adverse events (SAEs) were
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collected according to International Committee for Harmonization
Guideline (E2A) for Clinical Safety Data Management: Definitions
and Standards for Expedited Reporting. Unsolicited AEs were col-
lected from day 0 to day 28 (window, days 28—35) after the final
vaccination. SAEs and AEs of special interest (Guillain-Barré syn-
drome, Bell’s palsy, encephalitis/myelitis, optic neuritis, Stevens-
Johnson syndrome, toxic epidermal necrolysis and febrile seizure)
were collected for 6 months after the final vaccination.

Statistical Analyses

All analyses were carried out using SAS version 9.1 or
higher (SAS Institute, Cary, NC). Missing and incomplete data
were not replaced. Immunogenicity was assessed in all participants
who were randomized and received the study or a control vaccine,
had a valid postvaccination serology result and completed the
study according to protocol (per-protocol analysis set). Noninferi-
ority was assessed for all 4 viral strains in QI'V compared with the
control TIVs. For comparison of A/HINI and A/H3N2 responses,
data were pooled among the 2 TIVs. For comparison of B-strain
responses, QIV was compared with the respective TIV contain-
ing the same B-lineage strain. Noninferiority of geometric mean
titers (GMTs) was achieved if the lower limit of the 2-sided 95%
CI of the GMT, /GMT, . ratio was > 0.66, and noninferiority of
seroconversion rates (SCRs) was achieved if the lower limit of the
2-sided 95% CI of the SCRQW — SCR,,, difference was >—10%.

Superiority was assessed for each B-lineage strain in QIV
compared with each respective TIV not containing the same B-lin-
eage strain. Superiority of GMTs was achieved if the lower limit

of the 2-sided 95% CI of the GMT, /GMT,, ratio was >1.5, and
superiority of SCRs was achieved i(% the lower limit of the 2-sided
95% Cl of the SCR,,, — SCR,,, difference was >10%.

Safety was assessed in all randomized participants who
received a study or control vaccine (safety analysis set) and reported
descriptively. The 95% ClIs of point estimates were calculated using
the normal approximation for quantitative data and the exact bino-
mial distribution (Clopper-Pearson method) for proportions.

RESULTS

Disposition and Demographics

A total of 4363 children were randomized, of whom 4348
received study vaccine: 2893 in the QIV group, 734 in the licensed
TIV group and 721 in the investigational TIV group (Fig. 1).
Approximately three-quarters of the children in each group received
a second dose of vaccine, based on Advisory Committee on lmmu-
nization Practices recommendations. A total of 350 participants
did not complete the vaccination phase of the study (comparable
proportion of each group), primarily because of loss to follow up
(n = 145), noncompliance (n = 111) and voluntary withdrawal not
due to an AE (n = 82). Approximately equal numbers of males and
females were enrolled and the mean age and race/ethnic distribu-
tions were similar in each group (Table 1).

Immunogenicity
Prevaccination GMTs were similar across the 3 vaccine
groups (see Table, Supplemental Digital Content 1, http://links.

4363 subjects recruited

A

A

Randorizad Qv Licensed TIV Investigational TIV
n=2902 n=736 n=725
Total Total Total
n=2893 n=734 n=721

Vaccinated
(according to
randomization)

One dose (DO)

n=720

Two doses (DO, D28) Two doses (DO, D28) Two doses (DO, D28)
n=2173 n=573 n=540
HE TSR A5 Am1s Moncompliance, n=15
|, MNoncompliance, n=32 5 MNoncompliance, n=_24 L_»| Lost to follow-up, n=20
Lost to follow-up, n=102 Lost to follow-up, n=23 Withdrew conssit :n=13
Withdrew consent, n=59 Withdrew consent, n=10 45t
y y 4
Total Total Total
Completed vaccination n=2650 n=675 n=673
phase of study
Per-protocol Per-protocol Per-protocol
n=2339 n=582 n=599

One dose (D0)

n=161

One dose (DO)
n=181

FIGURE 1. Subject disposition and study flow. A total of 4363 children were randomized at a ratio of approximately 4:1:1 to
receive QIV, licensed TIV or investigational TIV. DO, day 0; D28, day 28; n, number of participants in the group.
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TABLE 1. Demographics of All Randomized Participants
Qv Licensed TIV Investigational TIV
N =2902 N =736 N="725
Sex, n (%)
Male 1475 (50.8) 369 (50.1) 366 (50.5)
Female 1427 (49.2) 367 (49.9) 359 (49.5)
Age (months)
Mean =+ standard deviation 49.8+29.7 49.6+29.0 49.6£28.7
Range 6.0-117.3 6.0-107.8 6.0-108.0
Race/ethnicity, n (%)
American Indian or Alaska Native 9(0.3) 1(0.1) 300.4)
Asian 13 (0.4) 510.7) 7(1.0)
Black 595 (20.5) 147 (20.0) 139 (19.2)
Caucasian 1693 (58.3) 433 (58.8) 417 (57.5)
Hispanic 415 (14.3) 97(13.2) 108 (14.9)
Native Hawaiian or Pacific Islander 2(0.1) 0(0.0) 2(0.3)
Other 175 (6.0) 53(7.2) 49 (6.8)

Values are for participants receiving at least 1 dose of vaecine and are according to the randomization assignment. One child in the QIV group was
enrolled at >9 years of age (117.3 months) and she was excluded from the safety and immunogenicity analyses.
N, number of participants in each group; n, number of participants in each group with the characteristic; QIV, quadrivalent influenza vaccine;

TIV, trivalent influenza vaccine,

lww.com/INF/B802). For A/ HIN1 and A/H3N2, QIV induced
postvaccination GMTs and seroconversion rates that were non-
inferior to those induced by TIV (Table 2). For ecach B-lincage
strain, QIV induced GMTs and seroconversion rates that were
noninferior to those induced by T1V containing the same B strain
and superior to those induced by TIV not containing the same
B strain. Further, all noninferiority and superiority criteria were
met for the 2 age subgroups, 6 to <36 months and 3 to <9 years
of age (see Tables, Supplemental Digital Content 2, http://links.
Iww.com/INF/B803: Table A, for 6 months to <36 months of
age and Table B, for 3 to <9 years of age). The postvaccination
seroprotection rates were similar among the 3 vaccine groups
(Table 3).

Some children received investigational TIV in which the
antigen content decreased during the study to below a prespecified
level (28 pg hemagglutinin /strain/mL), but antibody responses were

similar among children administered in-specification (n = 211) and
out-of-specification (n = 388) vaccine, and all noninferiority and
superiority criteria were met for all participants combined (Table 2)
as well as when those who received out-of-specification lots were
excluded (see Table, Supplemental Digital Content 3, http://links.
Iww.com/INF/B804).

Safety

The proportions of children reporting solicited injection-
site and systemic reactions were similar across the vaccine groups
(Table 4). The most common reactions among children 6 to <24
months of age were irritability and injection-site tenderness, and
the most common reactions among children 2 to <9 years of age
were myalgia, malaise and injection-site pain (Fig. 2). In all vaccine
groups, most reactions were grade 1 or 2 in intensity, began within
3 days of vaccination and resolved within 3 days of onset.

TABLE 2. GMT and Seroconversion Rate Comparisons for QIV Versus TIV Among Subjects 6 Months to <9 Years of

Age
Comparator Vaccine GMT Ratio or
QIV Seroconversion Rate Comparison
Endpoint Comparison Strain Value Vaccine Value Difference Criteria met?
GMT GMT ratio
Noninferiority* A/HIN1 1124 (1060-1192) Pooled TIVY 1096 (1008-1192) 1.03 (0.93-1.14) Yes
A/H3N2 822 (783-862) Pooled TIV 828 (7T74-887) 0.99 (0.91-1.08) Yes
B/Brisbane 86.1(81.8-90.6) Licensed TIV 64.3 (58.3-70.9) 1.34 (1.20-1.50) Yes
B/Florida 61.5 (58.6-64.7) Investigational TIV  58.3 (52.6-64.7) 1.06 (0.94-1.18) Yes
Superiorityf B/Brisbane 86.1(81.8-90.6) Investigational TIV§ 19.5(17.4-21.8) 4.42 (3.94-4.97) Yes
B/Florida 61.5(58.6-64.7) Licensed TIV§ 16.3 (14.8-17.9) 3.79(3.39-4.23) Yes
Seroconversion rate (%) Difference in rate
Noninferiority] A/HIN1 92.4(91.2-93.4) Pooled TIV 91.4 (89.7-93.0) 0.9 (-0.9-3.0) Yes
A/H3N2  88.0 (86.6-89.3) Pooled TIV 84.2 (82.0-86.3) 3.8(1.4-6.3) Yes
B/Brishane 71.8(69.9-73.6) Licensed TIV 61.1(57.0-65.1) 10.7 (6.4-15.1) Yes
B/Florida 66.1(64.1-68.0) Investigational TIV ~ 64.0 (60.1-67.9) 2.0(-2.2-6.4) Yes
Superiorityl B/Brisbane 71.8(69.9-73.6) Investigational TIV§ 20.0(16.9-23.5)% 51.8 (47.9-55.3) Yes
B/Florida 66.1(64.1-68.0) Licensed TIV§ 17.9(14.9-21.3)% 48.2 (44.3-51.6) Yes

Immunogenicity analyses were performed on the per-protocol analysis set: QIV, N = 2339; licensed TIV, N = 582; investigational TIV, N = 599; pooled TTV, N = 1181. Values in

parentheses are 95% Cls.
“Noninferiority for GMT was met if the lower limit of the 2-sided 95% CI of the GMT,, /GMT,, ratio was =0.66.
#The pooled TIV group includes subjects vaecinated with either licensed TIV or investigational TTV, combined,

fSuperiority for GMT was met if the lower limit of the 2-sided 95% CI of the GMT,

L

§Investigational TIV did not eontain B/Brisbane; licensed TIV did not contain B/Florida.
Noninferiority for SCR was met if the lower limit of the 2-sided 95% CI of the SCR,,,, = SCR,,, difference was >—10%.

ISuperiority for SCR was met if the lower limit of the 2-sided 95% CI of the SCR,

© 2014 Lippincott Williams & Wilkins

Qv

JGMT,,, ratio was >1.5.

- BCR,,, difference was >10%.
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TABLE 3. Postvaccination Seroprotection Rates Among Subjects 6 Months to <9 Years of Age
Seroprotection Rate (%)*
Strain QIv Licensed TIV Investigational TIV
A/HIN1 98.6 (98.1-99.1) 98.6 (97.3-99.4) 98.0(96.5-99.0)
AH3N2 99.7 (99.3-99.9) 99.1 (98.0-99.7) 99.5 (98.5-99.9)
B/Brishane 78.6 (76.9-80.3) 71.9(68.1-75.6) 33.71 (29.9-37.7)
B/Florida 71.6 (69.7-73.4) 29.17 (25.4-33.0) 69.6 (65.7-73.2)

Immunogenicity analyses were performed on the per-protocol analysis set: QIV, N = 2339; licensed TIV, N = 582; investigational TIV, N = 599.

Values in parentheses are 95% Cls.

*Seroprotection defined as the percentage of vaccinees with a titer 21:40.
tInvestigational TTV did not contain B/Brisbane; licensed TIV did not contain B/Florida.

TABLE 4. Summary of Safety Endpoints for Subjects 6 Months to <9 Years of Age

Qv Licensed TIV Investigational TIV

Event n/N (%) /N (%) /N (%)
Solicited reaction 2107/2745 (76.8) 523/700 (74.7) 522/692 (75.4)
Injection site (overall) 1838/2742 (67.0) 459/699 (65.7) 449/692 (64.9)
Systemic (overall) 1529/2745 (55.7) 376/700 (53.7) 451/692 (65.2)
Immediate unsolicited AE* 7/2892 (0.4) 2/734 (0.3) 2/721(0.3)
Unsolicited nonserious AE 1371/2892 (47.4) 352/734 (48.0) 352/721 (48.8)
Vaccine related 177/2892 (6.1) 50/734 (6.8) 43/721 (6.0)
Grade 3 235/2893 (8.1) 51/734 (6.9) 67/721(9.3)
Grade 3 vaccine related 16/2893 (0.6) 3/734 (0.4) 2/7211(0.3)
SAE 41/2892 (1.4) 7734 (1.0} 14/721(1.9)

Values are for all vaccinees and are according to the vaccine actually received,

*Unsolicited AE occurring <20 minutes after vaccination.

n indicates number of participants in the group reporting at least 1 event; N, total number of participants in the group.

In all vaccine groups, <1% of participants reported unsolic-
ited immediate (ie, within 20 minutes of vaccination) AEs, none of
which were considered grade 3 in intensity. Proportions of children
reporting any vaccine-related or grade 3 nonserious unsolicited AEs
were similar for all 3 vaccine groups. The most common nonserious
unsolicited AEs were cough, upper respiratory tract infection, fever
and vomiting, most of which were grade 1 or 2 in intensity.

Five children receiving QIV (0.2%) discontinued the study
because of 1 or more AEs thought to be related to vaccination,
including fever, malaise, irritability and abnormal crying, injec-
tion-site erythema, swelling and pruritus and hives on face, hands
and feet. None of these were considered SAEs. No children receiv-
ing a TIV discontinued due to a related AE.

Three SAEs were reported as being related to vaccination
by investigators: croup in a 13-month old 3 days after the first dose
of QIV, febrile seizure in an 11-month old 8 hours after the sec-
ond dose of investigational TIV and febrile seizure in a 4-year old
1 day after the first dose of licensed TIV. All resolved and did not
result in early discontinuation. One death (not vaccine related) was
reported during the study: a case of drowning in a 19-month old
that occurred 43 days after the second dose of licensed TIV.

Thirteen participants experienced an AE of special interest,
all of which were febrile seizures. Only 2 of these were considered
vaccine related and are described above.

DISCUSSION

Influenza causes substantial illness, complications, hospi-
talizations and deaths among children.'? For example, during the
2002-2003 and 2003—2004 influenza seasons, laboratory-con-
firmed influenza accounted for between 50 and 95 clinic visits per
1000 children <5 years of age presenting with acute respiratory
tract infection or fever and between 6 and 27 emergency depart-
ment visits in the same cohort.”
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Influenza B occurs in persons of all ages, but it appears
to affect older children and young adults more than other age
groups.'™!" In addition, type B causes a substantial proportion
of influenza-related deaths in the pediatric age group. Based on
data provided by US Centers for Disease Control and Prevention,
Ambrose and Levin' calculated that type B caused some 34% of
reported pediatric deaths attributable to influenza during the past 7
influenza seasons (2004-2005 through 2010-2011, excluding the
2009-2010 A/HINI pandemic).

TIVs provide substantial protection against influenza ill-
ness in children. For example, in a randomized study conducted
over a period of 5 seasons among children 1-15 years of age in the
United States, TIV reduced symptomatic culture-positive influenza
by 77% against A/H3N2 strains and 91% against A/HIN1 strains."
In a case-control study conducted in 4 states during the 2010-2011
season among persons presenting to hospitals, emergency depart-
ments and medical clinics with laboratory-confirmed influenza ill-
ness, the adjusted vaccine effectiveness of TIV was 71% (95% ClI,
58-78%) in children 2—8 years of age."

Despite widespread vaccination of children with influenza
vaccines, | reason that TIV offers suboptimal protection is because
it contains a B strain from only 1 of the 2 cocirculating B line-
ages and often not the most common B-lineage strain in circulation
that season. QIV containing a B strain from each lineage offers a
promising solution to this problem. In the study reported herein, we
showed that QI'V was as immunogenic as licensed TIV in children 6
months to < 9 years of age. There was no evidence of immunologic
interference as a result of adding the alternate B-lineage strain. In
addition, QIV induced superior antibody responses to the B strain
not covered by each respective control TIV.

QIV was well-tolerated by the study children and had a
safety profile similar to that of licensed TIV, the safety of which
has been well-documented.” '* As with TTV, injection-site and sys-
temic reactions to QIV were generally mild and short-lived. Of

© 2014 Lippincott Williams & Wilkins
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FIGURE 2. Solicited adverse reactions. A, B) Solicited injection-site reactions. C, D) Solicited systemic reactions. Panels A
and C show reactions in children 6 months to <24 months old and panels B and D show reactions in children 2 years to

<9 years old. Safety analyses were performed on the safety analysis set for the vaccine actually received: QIV, N = 2892 (672
were 6 to <24 months of age, 2220 were 2 to <9 years of age); licensed TIV, N = 734 (167 were 6 to <24 months of age,
567 were 2 to <9 years of age); investigational TIV, N = 721 (152 were 6 to <24 months of age, 569 were 2 to <9 years of
age). Severity for solicited and unsolicited AEs was recorded as follows. Injection-site tenderness: grade 1 for a minor reaction
when injection site is touched, grade 2 for cries and protests when injection site is touched, grade 3 for cries when injected
limb is moved or the movement of the injected limb is reduced. Injection-site pain: grade 1 for easily tolerated, grade 2 for
sufficiently discomforting to interfere with normal behavior or activities and grade 3 for incapacitating or unable to perform
usual activities. Injection-site swelling and erythema: grade 1 for >0 to <25 mm, grade 2 for = 25 to < 50 mm and grade

3 for 250 mm. Fever (6 to <24 months of age): grade 1 for 2100.4°F to <101.3°F, grade 2 for >101.3°F to <103.1°F and
grade 3 for >103.1°F; fever (2 to <9 years of age): grade 1 for 2100.4°F to <101.1°F, grade 2 for 2101.2°F to <102.0°F and
grade 3 for 2102.1°F. Vomiting: grade 1 for 1 episode/24 h, grade 2 for 2-5 episodes/24 h and grade 3 for =6 episodes/24 h
or requiring parenteral hydration. Abnormal crying: grade 1 for <1 hour, grade 2 for 1-3 hours, grade 3 for >3 hours.
Drowsiness: grade 1 for sleepier than usual or less interested in surroundings, grade 2 for not interested in surroundings or
did not wake up for a feed/meal and grade 3 for sleeping most of the time or difficult to wake up. Loss of appetite: grade

1 for eating less than normal, grade 2 for missed 1 or 2 feeds/meals completely and grade 3 for refuses =3 feeds/meals or
refuses most feeds/meals. Irritability: grade 1 for easily consolable, grade 2 for requiring increased attention and grade 3 for
inconsolable. Headache, malaise, myalgia and all unsolicited AEs: grade 1 for no interference with activity, grade 2 for some

interference with activity and grade 3 for significant interference or prevention of daily activity

note, the rate of fever during the 7 days postvaccination was no
higher among QIV recipients than TIV recipients, including in the
youngest children 6 to <24 months of age. There was no unusual
pattern of unsolicited nonserious or serious AEs. A febrile seizure
was reported as related to vaccination in 1 child after licensed TIV
and in 1 child after investigational TTV, but none among QIV recipi-
ents. Overall, QIV did not present any safety concerns,

The safety and immunogenicity of a quadrivalent live atten-
uated influenza vaccine (Q/LAIV) have been reported in adults
and children."? In both age groups, Q/LAIV induced noninferior
antibody responses compared with trivalent LAIV (T/LAIV) for all
corresponding influenza strains. As in our study, the addition of a
second B-lineage strain did not interfere with antibody responses.
The safety profile of Q/LAIV was comparable to T/LAIV, except

© 2014 Lippincott Williams & Wilkins

for a higher rate of fever after Q/LAIV than after T/LAIV (5.1% vs.
3.1% with fever = 38.0°C and 1.2% vs. 0.3% with fever =39.0°C)
in the pediatric study.

In a separate study conducted among children 3-17 years of
age, the safety profile of another manufacturer’s QIV was compa-
rable to 2 control TIVs.*' Antibody responses to each strain in the
QIV were noninferior to those of the same strains in each control
TIV and the responses to the B strains in the QIV were superior to
those induced by each TIV containing the alternate B-lineage strain.

We have recently published our results of QIV administered
to adults =218 years of age.*? As in the pediatric study, QIV induced
noninferior antibody responses compared with 2 control TIVs for
all corresponding strains and higher responses compared with each
TIV that contained the B strain from the opposite lineage. Rates
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of solicited and unsolicited AEs were similar between groups and
there were no safety concerns. Similar results for QIV versus con-
trol TIVs were noted in a third study of QIV in elderly persons
65 years of age and older, which will be published separately.”

A limitation of this study was that we restricted enrollment
to generally healthy children. Antibody responses would likely be
diminished among children with congenital or acquired immuno-
deficiencies. However, given the similar immune responses shown
herein between QIV and the control TIVs, we would expect QIV
to perform as well as TIV in high risk populations. We did not
evaluate children 9 through 17 years of age, but our data, demon-
strating similar immunogenicity and safety profiles between QIV
and control TIVs in both younger children and in adults, provide
reassurance that QIV would perform comparably among 9- to
17-year olds.

In conclusion, the safety and immunogenicity of QIV was
comparable with licensed TIV in a healthy pediatric population.
By inducing antibody responses to both B lineages simultane-
ously. QIV should help overcome the limitations of TIV, namely,
its inability to protect against both cocirculating B lineages simul-
taneously and that it often does not contain the B-lineage strain
predominating in a given influenza season.
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Safety and Immunogenicity of a Full-dose, Split-virion,
Inactivated, Quadrivalent Influenza Vaccine in Healthy
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Background: For children <3 years of age, a half dose of inactivated influ-
enza vaccine (7.5 pg hemagglutinin per strain) has been used for more than
30 years, but several studies indicate that a full dose (15 pg hemagglutinin
per strain) can be used in this population without increasing the rate of fever
or other reactions. Here, we compare the safety and immunogenicity of full
and half doses of quadrivalent, split-virion, inactivated influenza vaccine
(ITV4) in children 6-35 months of age.

Methods: In this phase IV, randomized, observer-blinded, multi-center
study, healthy children 6-35 months of age were randomized 1:1 to be vac-
cinated with a half or full dose of [IV4 (NCT02915302). The primary objec-
tive was to demonstrate that the rate of any fever (238.0°C) up to 7 days
after a full dose of [IV4 was noninferior to the rate of fever after a half dose.
Results: The study included 1950 children. Noninferiority in the rate of
fever was demonstrated for the full dose versus the half dose of 1TV4 (dif-
ference in rate = 0.84%; 95% confidence interval, —2.13% to 3.80%). Solic-
ited reactions and unsolicited adverse events were similar between the dose
groups. No vaccine-related serious adverse events were reported. Noninfe-
riority of both hemagglutination inhibition geometric mean titers and sero-
conversion rates was demonstrated for all 4 vaccine strains for the full dose
versus the half dose.

Conclusions: In children 6-35 months of age, a full dose of IIV4 was
immunogenic and had a safety profile comparable to that of a half dose,
with no new safety concerns observed.

Key Words: quadrivalent influenza vaccine, children, immunogenicity,
safety
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Young children are at increased risk for influenza virus infec-
tion, as well as for severe influenza illness and influenza-related
hospitalization.'? Although influenza A has been the focus of most
study and prevention efforts, influenza B is now appreciated to be a
frequent cause of illness, hospitalization and death.’ In young chil-
dren, influenza B is responsible for a disproportionate amount of
severe illness and hospitalization.’® Two distinct lineages of influ-
enza B, Victoria and Yamagata, now cocirculate, although their dis-
tribution can vary substantially between years and regions.’

Because trivalent influenza vaccines contain only a single
B-lineage strain, quadrivalent vaccines containing B strains from both
lineages have been developed to reduce the risk of influenza illness
and its associated morbidity and mortality as immunity to 1 B line-
age does not provide adequate protection against the other.” A quad-
rivalent, split-virion, inactivated influenza vaccine (ITV4; Fluzone
Quadrivalent; Sanofi Pasteur, Swiftwater, PA) has been available in
the United States since 2013 for individuals =6 months of age. Clini-
cal trial data indicated that in children 6 months to 8 years of age, IV4
was as immunogenic as the comparator trivalent inactivated influenza
vaccine for each of the 3 shared influenza strains and, despite the addi-
tional antigen, the 2 vaccines had a similar safety profile.’

For more than 30 years, influenza vaccines for children <3
years to age have contained a half dose of antigen (7.5 pg hemagglu-
tinin per strain)* to reduce the risk of fever and febrile convulsions
associated with earlier whole-virus influenza vaccines.” More recent
findings suggest that a full dose (15 pg hemagglutinin per strain)
can be used in children <3 vears without increased fever or other
reactions,'™ ! although this has not yet been established for 11V4,
which is currently licensed for use as a half dose in young children.
In the current study, we therefore evaluated the safety and immu-
nogenicity of full versus half doses of this lIV4 in healthy children
635 months of age. The primary objective was to compare the rates
of fever following administration of full and half doses of I1V4.

MATERIALS AND METHODS
Study Design

This was a phase IV, randomized, observer-blinded, 2-arm,
multi-center study to evaluate the safety and immunogenicity of 2
different doses of ITV4 in healthy children 6-35 months of age. The
study was conducted between September 2016 and March 2017 at
38 sites in the United States (Clinical Trials.gov no. NCT02915302).

Ethics

The study was approved by the institutional review boards
for all sites and conducted in compliance with the Declaration
of Helsinki and the International Conference on Harmonisation
guidelines for Good Clinical Practice. Before participants were
included in the study, written informed consent was provided by
their parents or guardians.
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Participants

The study included healthy children 6-35 months of age
who had not been vaccinated against influenza during the cur-
rent season (2016-2017). Children 611 months of age had to be
born at full term of pregnancy (=37 weeks) or with a birth weight
=2.5kg. Children with moderate or severe acute illness or infection
according to the investigator’s judgment or febrile illness (tempera-
ture =100.4°F [38.0°C]) who were otherwise eligible to participate
were not enrolled until the illness resolved. Other exclusions are
listed in Table, Supplemental Digital Content S1, http://links.Iww.
com/INF/D336. Enrollment was stratified by age at each site so that
approximately equal numbers of children 6-23 and 24-35 months
of age would be included.

Vaccine

In accordance with US Food and Drug Administration
guidance for composition of Northern Hemisphere 2016-2017
influenza vaccines, IIV4 (Fluzone Quadrivalent; Sanofi Pasteur)
contained the A/California/07/2009 X-179A (HINI), A/Hong
Kong/4801/2014 X-263B (H3N2), B/Brisbane/60/2008 (Victoria
lineage) and B/Phuket/3073/2013 (Yamagata lineage) strains. Each
half dose (0.25mL) was formulated to contain 7.5 pg hemaggluti-
nin per strain, and each full dose (0.5mL) was formulated to con-
tain 15 pg hemagglutinin per strain. Study vaccines were supplied,
respectively, in 0.25- or 0.5-mL, prefilled single-dose syringes.

Study Conduct

Using a preprogrammed interactive response technology sys-
tem, participants were randomized in a 1:1 ratio to be vaccinated by
intramuscular injection with a half or full dose of 1IV4. In accordance
with US Advisory Committee on Immunization Practices guidance,*
participants received 2 doses of 1IV4 28 days apart (window, 28-35
days) if they had not previously received 2 doses of influenza vaccine.
The participant, study site personnel (including investigators) and
sponsor’s clinical team members involved in the study were blinded to
the vaccine dose administered, with the exception of unblinded quali-
fied study staft who administered the vaccine. The unblinded qualified
study staff did not collect safety data, and they were instructed to not
inform parents or guardians of the dose administered.

Safety Assessment

For 7 days after each vaccination, parents or guardians took
temperature readings each day, measured the size of any local reac-
tions and recorded medications taken for any adverse reactions on
a diary card. Investigators or authorized designees interviewed the
parents or guardians to collect the information recorded in the diary
card. Solicited local reactions consisted of injection-site tender-
ness, erythema and swelling; solicited systemic reactions consisted
of fever, vomiting, abnormal crying, drowsiness, loss of appetite
and irritability. Severity gradings for each reaction are provided in
Table, Supplemental Digital Content S2, http:/links. lww.com/INF/
D337. Investigators also collected unsolicited adverse events (AEs)
for 28 days after each vaccination and serious AEs (SAEs) up to
the end of the trial according to the International Conference on
Harmonisation E2A Guideline for Clinical Safety Data Manage-
ment. SAEs occurring after a participant had completed the study
but likely related to the product were also to be recorded.

Immunogenicity Assessment

Immunogenicity was to be assessed in a planned subset of
1600 participants randomly selected via the interactive response
technology system. For the immunogenicity subset, blood sam-
ples were collected before the first vaccination and 28 days (win-
dow, 28-35 days) after the final vaccination. Hemagglutination
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inhibition (HAI) titers were measured as described previously.” The
lower limit of quantitation was set at the reciprocal of the lowest
dilution (1:10), and the upper limit of quantitation was set as the
highest dilution (1:10,240) used in the assay. Seroconversion was
defined as (1) a prevaccination titer <10 and postvaccination titer
>40); or (2) a prevaccination titer 210 and a 24-fold increase in
postvaccination titer.

Statistical Analysis

The primary objective was assessed by determining if the
rate of any fever (temperature =2100.4°F [38.0°C]) within 7 days
after administration of any full dose of 1TV4 was noninferior to the
rate of fever after administration of any half dose. All safety end-
points were assessed in all vaccinated participants according to the
vaccine received. Noninferiority with respect to fever was consid-
ered demonstrated if the upper bound of the 2-sided 95% confi-
dence interval (Cl) of the fever rate difference between participants
receiving full-dose vaccine and participants receiving half-dose
vaccine was <5%. The 95% CI of the rate difference was computed
using the Wilson Score method without continuity correction.'
Assuming a total planned enrollment sample size of approximately
2190 (1095 per group), an attrition rate of 5%, a 1-sided alpha of
2.5%, an expected 14.3% rate of fever,” and a noninferiority margin
of 5%, the study was powered at approximately 90% to demonstrate
noninferiority for fever.

Immunogenicity was assessed according to the vaccine
received in all participants in the immunogenicity subset who
received at least 1 dose of the study vaccine, had a postvaccina-
tion serology result for at least 1 strain and completed the study
according to protocol. For immunogenicity and safety variables,
the 95% Cls of point estimates were calculated assuming a normal
distribution. Geometric means and their 95% Cls were calculated
as the anti-log of the mean and 95% of the log, values. For point
estimates of differences in proportions, 95% Cls were calculated
using the Wilson Score method without continuity correction or by
the exact binomial (Clopper-Pearson) method.

For each strain, noninferiority in the HAl geometric mean
titer (GMT) was considered demonstrated if the lower limit of the
2-sided 95% CI of the GMT ratio (GMT,_ = /GMT, . ) was
=0.667. Noninferiority for seroconversion rates was considered
demonstrated if the lower limit of the 2-sided 95% CI for the rate
difference for the full dose minus the half dose was >—10%. For the
difference in seroconversion rates, the 95% CI of the rate difference
was computed using the Wilson Score method without continuity
correction. For the 1600 participants who were to be randomly
assigned to the immunogenicity subset, assuming an attrition rate
of 20%, a 1-sided alpha of 2.5% for each test, the same expected
GMTs for each dose group, a standard deviation of log titers against
each strain of 0.7 and a noninferiority margin of 0.667, the study
power was approximately 97.6% to demonstrate noninferiority for
GMTs. Assuming for each strain the same expected seroconversion
rates for each vaccine dosing group (90.9% for A/HINI, 95.4%
for A/H3N2, 72% for B/Victoria and 57.5% for B/Yamagata') and
a noninferiority margin of 10% for each strain, the planned study
power was approximately 93.2% to demonstrate noninferiority for
seroconversion rates.

Results of participants receiving exactly 1 dose of [IV4 and
those receiving 2 doses were combined in all noninferiority assess-
ments (ie, for fever rate, postvaccination HAI GMTs and serocon-
version rates).

Demographic characteristics and safety were assessed in all
participants who received at least 1 dose of study vaccine.

Missing data were not imputed. Statistical analysis was per-
formed using SAS version 9.4 (SAS Institute, Cary, NC).

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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RESULTS

Baseline Characteristics and Disposition

The study was conducted between September 23, 2016, and
March 6, 2017. Due to lower than expected recruitment, 1950 partici-
pants were enrolled in the study instead of the planned 2190 (Fig. 1).
The participants were randomly assigned in nearly equal proportions
to receive the half dose (n = 955; 49.0%) or full dose of [IV4 (n= 995;
51.0%). Six participants randomized to the full-dose group and 3 ran-
domized to the half-dose group were not vaccinated. In accordance
with Advisory Committee on Immunization Practices guidance, a total
of 1024 (52.5%) participants received 2 doses of [IV4 (507 [53.1%] in
the half-dose group and 517 [52.0%] in the full-dose group). The study
was completed by 890 (93.2%) participants in the half-dose group and
917 (92.2%) in the full-dose group. The most common reasons for
participant discontinuation were voluntary withdrawal not because of
an AE and noncompliance with the protocol. No participants discon-
tinued the study for an AE or SAE considered related to vaccination.

At enrollment, the full- and half-dose groups included nearly
equal proportions of males and females (50.6% male in the half-
dose group and 50.1% male in the full-dose group). Mean ages and
distributions of racial and ethnic origins were also similar between
the 2 groups (Table 1).

Immunogenicity was assessed in a randomly selected subset
of 715 participants in the half-dose group and 745 in the full-dose
group (Fig. 1). Of these, 665 (93.0%) participants in the half-dose
group and 682 (91.5%) in the full-dose group completed the study.

Fever

The difference in rate of fever for the full dose minus the
half dose of [IV4 was 0.84% (95% CI, —2.13% to 3.80%) (Table 2).
Thus, noninferiority in the rate of fever was demonstrated for the
full dose compared with the half dose of 1TV4.

HAI Titers

Of the 1950 participants in the study, 1460 were randomized
to the immunogenicity subset. Noninferiority of both HAl GMTs
and seroconversion rates was demonstrated for all 4 vaccine strains
for the full dose versus the half dose (Table 3). Overall, HAI GMTs
and post-/prevaccination GMT ratios were higher for the full dose

TABLE 1. Demographic Characteristics
Half Dose Full Dose
of IIV4 of TIV4
Characteristics N =949 N =992
Sex, n (%)
Male 480 (50.6) 497 (50.1)
Female 469 (49.4) 495 (49.9)
Age (months), mean + standard 20.4+8.75 20.5+8.55
deviation
Racial origin, n (%)
White 717 ({75.6) 725(73.1)
Black or African-American 178 (18.8) 195 (19.7)
Asian 1(0.1) 8(0.8)
American Indian or Alaska Native 9(0.9) 10 (1.0}
Native Hawaiian or Other Pacific 4 (0.4) 5(0.5)
Islander
Mixed Origin 36 (3.8) 43 (4.3)
Missing 4 (0.4) 6 (0.6)
Ethnicity, nn (%)
Hiszpanic or Latino 206 (21.7) 221(22.3)
Not Hispanic or Latino 731 (77.0) 763 (76.9)
Missing 12(1.3) 81(0.8)

Demographic characteristics were analyzed in all vaceinated participants accord-
ing to the vaccine received.

Table 2. Rates of Fever and Noninferiority Comparison

Cases of
Dose Group  Fever n/N* % (95% CI) Noninferiort
Half dose 101/893 11.31(9.31 to 13.57) ==
Full dose 113/930 12.15(10.12 to 14.42) —
Difference — 0.84 (-2.13 to 3.80) Yes

Fever was defined as a temperature 2100.4°F (38.0°C) and was assessed in all vac-
cinated participants according to the vaccine received.

*The denominator (n) indicates number of cases of fever, and the numerator (N}
indicates the number of participants with valid temperature data during the 7 days
after vaccination.

FNoninferiority was considered demonstrated if the upper bound of the 2-sided
95% CI of the rate difference between participants receiving the full dose and the half
dose of ITV4 was <5%.

Enrolled N=1950
Half dose (0.25 ml) of 1IV4 Full dose (0.5 ml) of 1IV4
Randomized s N
Immunogenicity subset: Immunogenicity subset:
N=715 N=745
Voluntary withdrawal N=22 . =
Noncompliance N=20 s \doluntaryl‘\n\rtthdr:\f;I?N—ZQ
| Lost to follow-up N=19 = Lontcton;ip"iance l\I— 22
”| AE unrelated to the vaccine N=2 OsLIgTONOWeUP NS
SAE unrelated to the vaccine N=1
Reason not known N=1
A 4 h 4
Completed the N=E§9FJ . N=91.? "
study Immunogenicity subset: Immunogenicity subset:
N=665 N=682

FIGURE 1. Study design and disposition of participants. Healthy children 6-35 months of age were randomly assigned 1:1
to receive the half dose or the full dose of 11V4 by intramuscular injection.
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TABLE 3. Postvaccination Immunogenicity and Noninferiority Comparisons

Half Dose of [IV4 Full Dose of [IV4
Comparison
Measure Strain N Value (95% CI) N Value (95% CI) (95% CI) Noninferior?
HAI GMT A(HIN1) 520 214 (185to 247) 539 310 (271 to 354) 1.45(1.19 to 1.77)* Yes
A(H3NZ2) 525 221(191to256) 542 332 (290 to 380) 1.50(1.23 to 1.83)* Yes
BfVictoria 520 261(227to 299) 539 348 (304 to 398) 1.33 (1.10 to 1.62)* Yes
BfYamagata 524 243(213to277) 543 349 (307 to 397) 1.44(1.20 to 1.73)* Yes
Seroconversion rate (%) A(HIN1) 470 78.9(75.0 to 82.5) 483 84.1(80.5to 87.2) 5.1 (0.189 to 10.0)F Yes
A(H3NZ) 475 81.9(78.1to85.3) 487 86.2(82.9 to 89.2) 4.3 (-0.283 to 8.99)1 Yes
B/Victoria 470 87.2083.9t090.1) 483 88.6(85.4 to 91.3) 1.4 (-2.78 to 5.56)F Yes
BfYamagata 474 B87.8(84.51t090.6) 488 91.2(88.3t0o93.5) 3.4 (-0.465 to 7.36)1 Yes
Post- to prevaccination  A(HIN1) 470 9.00(7.98 to 10.1) 483 14.2(12.5 to 16.2) — —_
GMT ratio A(H3NZ) 475 11.8(10.3 to 13.4) 487 16.4 (14.4 to 18.7) = =
B/Victoria 470 12.3(11.0to 13.9) 483 17.2(15.3 to 19.4) —_ —_
BfYamagata 474 12.7(11.3to 14.1}) 488 19.1(17.0 to 21.5) — —
I genicity was 1 according to the vaceine received in all participants in the im genieity subset who received at least 1 dose of the study

vaccine, had a valid postvaccination serology result for at least 1 strain and completed the study according to protocol.
“Ratio of HAL GMTs (full dose/half dose). Noninferiority was considered demonstrated if the lower limit of the 2-sided 95% CI was =0.667.
FDifference in seroconversion rate: seroconversion rate for the full dose of IIV4 minus the seroconversion rate for the half dose of [TV4. Noninferiority was

considered demonstrated if the lower limit of the 2-sided 95% CI was >-10%.

than for the half dose, as indicated by nonoverlapping 95% Cls.
For seroconversion rates, point estimates were higher for the full
dose than for the half dose, but 95% Cls overlapped. In analyses
stratified by age (6-23 months vs. 24-35 months) and by number of
doses received (1 vs. 2 doses)—analyses for which this study was
not powered—postvaccination HAI GMTs were generally higher
among participants 24-35 months of age and among participants
receiving 1 dose of 11V4, with the full dose generally inducing
higher HAT GMTs compared with the half dose, regardless of age
subgroup or number of doses received (Tables, Supplemental Digi-
tal Content S3-S6, http://links.lww.com/INF/D338; http://links.
Iww.com/INF/D339; http:/links.lww.com/INF/D340; http://links.
lww.com/INF/D341).

Solicited Reactions

Proportions of participants reporting any solicited reac-
tions, solicited injection-site reactions and solicited systemic reac-
tions were similar for the full- and half-dose groups (Table 4). In
most participants, solicited reactions resolved within 3 days (data
not shown). Rates of grade 3 solicited reactions were generally
similar for the full and half dose of 1IV4 (Table, Supplemental
Digital Content 87, http://links. lww.com/INF/D342). The most
common grade 3 solicited injection-site reaction was tenderness
(1.2% in the full-dose group and 1.7% in the half-dose group), and
the most common grade 3 solicited systemic reactions included
irritability (4.0% in the full-dose group and 3.6% in the half-dose
group) and abnormal crying (2.6% in the full-dose group and 3.1%

TABLE 4. Solicited Reactions and Adverse Events
Half Dose of 1TV4 Full Doge of 11V4
Event n/N % (95% CI) n/N % (95% CI
Solicited reaction within 7 days 645/909 71.0(67.9-73.9) 698/941 74.2 (71.3-76.9)
Injection site 480/909 52.8 (49.5-56.1) 533/939 56.8 (53.5-60.0)
Tenderness 430/909 47.3 (44.0-50.6) 473/939 50.4 (47.1-53.6)
Redness 210/909 23.1(20.4-26.0) 228/938 24.3 (21.6-27.2)
Swelling 117/908 12.9(10.8-15.2) 138/937 14.7(12.5-17.2)
Systemic® 533/909 58.6 (55.4-61.9) 561/941 59.6 (56.4-62.8)
Vomiting 91/908 10.0(8.1-12.2) 96/941 10.2(8.3-12.3)
Abnormal crying 302/908 33.3 (30.2-36.4) 321/941 34.1(31.1-37.2)
Drowsiness 290/908 31.9(28.9-35.1) 294/940 31.3(28.3-34.3)
Loss of appetite 248/908 27.3 (24,4-30.3) 266/940 28.3(25.4-31.3)
Irritability 430/908 47.4 (44.1-50.7) 457/940 48.6 (45.4-51.9)
Immediate unsolicited AE (<30 min)
Any 2/949 0.2 (0.0-0.8) /992 0.0 (0.0-0.4)
Vaccine related 1/949 0.1(0.0-0.6) 0/992 0.0 (0.0-0.4)
Unsolicited AE within 28 days
Any 420/949 44.3 (41.1-47.5) 395/992 39.8 (36.5-42.9)
Vaccine related 29/949 31(2.1-44) 30/992 3.0 (2.0-4.3)
AF leading to study discontinuation 3/949 0.300.1-0.9) 0/992 0.0 (0.0-0.4)
SAE 5/949 0.5(0.2-1.2) 5/992 0.5(0.2-1.2)
AE of special interesttt 1/949§ 0.1(0.0-0.6) 0/992 0.0 (0.0-0.4)

Safety was assessed in all vaccinated participants according to the vaccine received.

“Fever is displayed in Table 2.

FIncluded new onset of Guillain-Barré syndrome, encephalitis/myelitis (including transverse myelitis), neuritis (including
Bell's palsy, optic neuritis and brachial neuritis), thrombocytopenia, vasculitis, convulsions (including febrile convulsions) and

anaphylaxis or other hypersensitivity/allergic reactions.
fAlso included as an SAE.

§Chronic urticaria with onset 3 days after receipt of 1 half dose of 11V4, considered related to vaccination by the investigator.
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in the half-dose group). Grade 3 fever was reported for 0.6% (95%
CI, 0.2—1.3) of participants who received the half dose and 1.2%
(95% CI, 0.6-2.1) who received the full dose. In analyses strati-
fied by age, rates of solicited systemic reactions were generally
higher among participants 6-23 months of age who received the
full dose compared with participants 24-35 months of age who
received the full dose. Within each age subgroup, reactogenicity
between the full and half doses was similar (Table, Supplemental
Digital Content S8, http://links.lww.com/INF/D343). Among par-
ticipants receiving 2 doses of 11V4, reactogenicity was generally
similar between the first and second doses, irrespective of dosing
volume received (Table, Supplemental Digital Content S9, http://
links.lww.com/INF/D344).

Adverse Events

Rates of vaccine-related unsolicited AEs were similar (3.1%
for the half-dose group and 3.0% for the full-dose group) (Table 4).
Three AEs leading to study discontinuation were reported, all in the
half-dose group. None of the AEs leading to study discontinuation
were considered related to vaccination.

SAEs were experienced by 5 (0.5%) participants in the half-
dose group and 5 (0.5%) in the full-dose group, none of which were
considered related to the vaccine. A single AE of special interest
(chronic urticaria first appearing 3 days post-vaccination and con-
tinuing for =6 weeks) was considered by the investigator to be
related to vaccination.

DISCUSSION

In this study, we showed that in children 6-35 months of
age, comparable rates of fever were reported among those receiv-
ing a full dose and a half dose of 1IV4. Other solicited reactions
and unsolicited AEs also occurred at similar rates between for the
full and half dose of 1IV4, and few cases of grade 3 fever and no
cases of febrile convulsion were reported. Thus, no new safety con-
cerns were observed following administration of a full dose of [TV4
in this population. The study also showed that antibody responses
induced by the full dose of ITV4 were at least as high as those
induced by the half dose, suggesting that a full dose of 11V4 can
protect this age group at least as well as a half dose. Of note, 1 dose
of 1V4 induced HAI GMTs that were generally higher than those
induced by 2 doses, which likely reflects 1-dose participants hav-
ing been immunologically primed, whereas 2-dose recipients were
immunologically naive or relatively naive.

Similar results with respect to the reactogenicity and immu-
nogenicity between full and half doses have been found in several
studies, although most have studied trivalent influenza vaccines.
Skowronski et al" examined the immunogenicity and reactogenic-
ity of 2 full versus 2 half doses of a trivalent inactivated influenza
vaccine in previously unimmunized infants (6-11 months of age)
and toddlers (1223 months). They found that the full dose induced
higher HAT titers for all 3 vaccine components in infants but not
toddlers and that the rate of fever did not increase in either age
group. Similarly, Pavia-Ruz et al'> and Langley et al'' reported that
in children 6-35 months of age, a full dose of trivalent inactivated
influenza vaccine induced higher HAI titers than the half dose for
all strains without affecting rates of fever or other reactogenicity
or safety endpoints. Finally, Jain et al'” compared the US-licensed
standard half-dose 1TV4 with an investigational full-dose 11V4 in
children 6-35 months of age. Noninferior HAI GMTs and serocon-
version rates were demonstrated against all 4 vaccine strains, Also,
superior HAI GMTs were demonstrated against both vaccine B
strains in children 6—17 months of age and unprimed children 6-35
months of age. As in the other studies, the safety profiles, including
the rate of fever, were similar for the 2 vaccines. Thus, all studies to

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

date, including the current one, have indicated that full-dose inacti-
vated influenza vaccines can generally increase HAI antibody titers
and can be safely used in young children. Moreover, several studies
have demonstrated the effectiveness and safety of full-dose inacti-
vated influenza vaccine in preventing influenza disease in children
younger than 3 years of age.'* "’

This study had some limitations. The study did not assess
clinical protection against influenza but rather HAI titers, which
are not always predictive of protection'®; nonetheless, the results
suggest that full dose should be at least as effective as the half dose
in young children. Another potential limitation is that the planned
study size due was not reached to unexpectedly low recruitment.
Regardless, the study size was sufficient (ie, power =80%) to dem-
onstrate noninferiority for the primary (rates of fever) and second-
ary (HAT GMTs and rates of seroconversion) outcomes.

In summary, the results of this study indicate that health-
care providers should be able to safely use the full dose of [IV4 for
children 6-35 months of age. As suggested by Jain et al,'"” clini-
cal information should now be sufficient to support using full-dose
influenza vaccines for this age group. Indeed, full-dose influenza
vaccine has already been recommended for use in children as
young as 6 months of age in some countries (eg, Canada, the United
Kingdom, Finland and the United States) as part of their national
immunization programs.*'"*" The ability to use full-dose influenza
vaccine should provide healthcare providers with additional flex-
ibility and convenience when vaccinating young children against
influenza.
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Health Risks of Flood Disasters
Paterson DL, Wright H, Harris PNA. Clin Infect Dis. 2018;67:1450-1454,

Floods are the most common natural disaster occurring worldwide. Flood
waters pose immediate dangers to human health, but also long-term effects
resulting from displacement and worsened living conditions. The impact
of flood disasters is expected to grow in the future owing to the effects of
climate change and population shifis.

Drowning is the most frequent immediate cause of death soon after
the onset of flooding. Other acute events include orthopedic injuries and
laceration, hypothermia, electrocution and burns from flammable, low-den-
sity liquids spreading across the surface of floodwaters. Carbon monoxide
poisoning from unventilated electrical generators or cooking implements is
also common after floods,

Flood disasters have a significant impact on chronic health condi-
tions, with medication noncompliance because of nonavailability, difficul-
ties with access to health services and the physical workload associated with
clean-up and reconstruction being significant issues. The reported impact of
any interruption to treatment varies according to the underlying condition,
with increased mortality rates after disasters in patients with cardiovascular
disease and diabetes. Posttraumatic stress disorder, anxiety and depression
are potential mental health consequences for flood victims.

Considerable loss of healthcare infrastructure can be associated
with flood disasters, including evacuation of entire tertiary care hospitals.
Significant increases in emergency department visits may be recorded for
homelessness or inadequate shelter, especially among the elderly.

Trauma is common in patients injured by fast-moving water, trying
to escape floodwaters or cleaning up after floods. Cellulitis and deeper skin
infections are subsequently common. Cases of cellulitis have been shown
to peak 3—4 days after a flooding event and remain above baseline level for
up to 3 weeks. Any trauma can introduce pathogenic skin flora into wounds.
Therefore, the typical bacterial causes of cellulitis and soft-tissue infections
(Staphylococcus aureus and Streptococcus pyogenes) should be the first
considerations when antibiotic therapy is indicated.

However, a number of less commonly encountered water-dwell-
ing organisms (notably 4deromonas species) may cause skin infections in
patients exposed to flood water. Vibrio spp. may be associated with saltwater
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exposure in the context of storm surges. Infection of contaminated wounds
by Clostridium tetani may occur in areas of low immunization coverage. In
endemic tropical regions, such as Southeast Asia and northern Australia,
exposure to soil or water containing Burkholderia pseudomallei can result
in melioidosis.

Although most soft-tissue infections after floodwater exposure will
be bacterial, infections caused by fungal pathogens are well described, and
infection may be polymicrobial. Mucormycosis caused by zygomycete
fungi may present as a rapidly progressive necrotizing fasciitis with high
mortality rates if urgent surgical intervention and antifungal therapy is una-
vailable or delayed. Nontuberculous mycobacteria may also cause infec-
tions after exposure to floodwater, particularly rapid growing Myecobacie-
rium species such a Mveobacterium fortuitum, Myvcobacterium chelonae
and Mycobacterium abscessus.

In reports from the United States and the United Kingdom, acute
respiratory infection was the most common infectious disease requiring
consultation after flooding. Disruption of housing and overcrowding can
increase the risk of transmission of respiratory viral pathogens. Direct con-
tact with floodwater, with immersion, near drowning or aspiration, can lead
to inoculation of the lower respiratory tract.

The risk of gastroenteritis after flooding is highest in areas with
poor hygiene or an inadequate supply of clean drinking water, although
outbreaks of diarrheal diseases are common even in resource-rich areas,
particularly if the integrity of sewerage systems is compromised.

Leptospirosis, a spirochetal zoonosis causing an acute febrile ill-
ness, has increasingly been recognized as a pathogen associated with flood-
ing and extreme weather events. Outbreaks of leptospirosis have been
reported from diverse geographic locations in urban and rural settings,
encompassing both the developed and developing world. In endemic areas,
mosquito-borne diseases (eg, Japanese encephalitis or dengue fever) may
occur at an increased rate after flood events.

Comment. Public health preparedness is an essential element in
preventing morbidity and mortality associated with flood disasters. Data
aggregation analyses can identify communities at greatest risk from flood
disasters and can be used to plan cost-efficient preparedness strategies, Pre-
vention of flood disasters rests on flood mitigation schemes and planned
removal of populations from flood-prone areas.
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1. Introduction

The Vaccine Adverse Event Reporting System (VAERS), co-
managed by the Centers for Disease Control and Prevention (CDC)
and the Food and Drug Administration (FDA), is the US spontaneous
reporting system for adverse events (AEs) after vaccination, and
VAERS surveillance for influenza vaccines is implemented annually
[1-3].In 2010, Australia reported a new finding of increased risk of
febrile seizures in young children following receipt of 2010 South-
ern Hemisphere trivalent inactivated influenza vaccine (TIV) from
one manufacturer, CSL Biotherapies [4-6]. Because of this finding,
CDC and FDA instituted enhanced surveillance in VAERS for febrile
seizures after US TIV in children aged <5 years.

2. Methods

VAERS accepts reports from healthcare providers, manufac-
turers, vaccine recipients, and others. Healthcare providers are
required to report AEs listed in the VAERS Table of Reportable
Events following Vaccination, which does not include febrile
seizures after TIV, and are encouraged to report other clinically
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significant AEs after vaccination [7]. Reported AEs are entered
into a database and coded using Medical Dictionary for Regula-
tory Activities (MedDRA) terms [8]. From July 1, 2010 through
December 10, 2010, we used complementary strategies to monitor
febrile seizures after US 2010-2011 TIV products: disproportionate
reporting analysis and clinical review of individual reports. Foreign
reports were excluded. Because VAERS is a routine surveillance
program that does not meet the definition of research, it is not
subject to institutional review board review and informed consent
requirements.

On a bimonthly basis, beginning in October 2010, Empir-
ical Bayesian data mining [9] was conducted to identify AEs
reported more frequently than expected following TIV, using pub-
lished criteria [10]. We evaluated all 2010-2011 influenza vaccine
product-specific AE pairs with reporting proportions at least twice
that of other vaccines in the VAERS database (i.e., lower bound of the
90% confidence interval of the Empirical Bayesian Geometric Mean
[EBO5] > 2). The primary analysis required a minimum count of one
vaccine-AE combination, and was adjusted for sex, year of initial
report receipt, and age group. A secondary age stratified analysis
was also conducted using standard pre-specified age groups used
at FDA; this analysis was adjusted for sex and year received only.
To limit comparisons to other vaccines that might be more similar,
we also conducted these analyses using arestricted VAERS database
which only included reports following inactivated vaccines (i.e.,if a
live vaccine was administered with or without inactivated vaccine,
these reports were excluded).
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Table 1
Data mining results for reports of febrile convulsion after 2010-2011 Fluzone® in
VAERS.

Date Number of Reports EBGM* EBOS®
November 23, 2010
All ages 35 3.66 52
Age 0-<18 months® 22 4.10 2.68
Age 0-<18 months 15 4.08 2.50
(database restricted to
inactivated vaccines)
December 10, 2010
All ages 41 3.36 2.44
Age 0-<18 months 28 4.15 292
Age 0-<18 months 18 3.95 262

(database restricted to
inactivated vaccines)

2 Empirical Bayesian Geometric Mean, the point estimate of disproportionality
for MedDRA coding term-adverse event combinations.

b Lower bound of the 90% confidence interval of the EBGM.

© The 11 pre-defined data mining age groups identified by Empirica include
(0-<18 months, 18-<54 months, 54 months to <12.5 years, 12.5 years to <16.5 years,
16.5years to <29.5years, 29.5years to <45.5years, 45.5years to <G64.5years,
64.5 years to <75.5 years, 75.5 years to <85.5 years, 85.5 years and above, and age
unknown). FDA Center for Drug Evaluation and Research epidemiology staff selected
these age groups during development of the Empirical Bayesian application whichis
used for all pharmaceuticals regulated by FDA. The age groups were intended to facil-
itate examination of product-event combinations in populations such as children,
femnales of childbearing age, and the elderly.

In parallel with VAERS data mining activities, each possible
febrile seizure event was identified and reviewed on a daily basis.
We conducted automated searches of VAERS reports in children
aged <5years who received 2010-2011 TIV using the MedDRA
terms convulsion, grand mal convulsion, status epilepticus, convul-
sions local and febrile convulsion. In addition, VAERS staff manually
reviewed all incoming reports in children aged <5years after
2010-2011TIV for potential signs and symptoms of seizures. While
VAERS routinely requests medical records for non-manufacturer
reports coded as serious!, during the 2010-2011 influenza sea-
son VAERS staff requested medical records for all possible seizures
reported to VAERS after TIV in children <5years. CDC and FDA
physicians reviewed each of these VAERS reports and associated
records. A febrile seizure was considered verified if a medical
provider diagnosed either “febrile seizure” or “seizure” with docu-
mented fever >100.4°. Level of diagnostic certainty for seizures was
classified according to the Brighton Collaboration case definition
[11,12].

3. Results

In the data mining analysis, disproportionately higher reporting
for “febrile convulsion” combined with 2010-2011 Fluzone® was
observed for reports received by November 23, 2011, compared
with other vaccines in the VAERS database (Table 1). Thirty-five
reports with the “febrile convulsion” term were verified after
review by a VAERS team physician. In the subsequent data min-
ing analysis for reports received by December 10, 2010, the signal
persisted. Forty-one reports with the febrile convulsion code were
identified (including the 35 earlier reports); one report did not
describe an incident case and was ruled out (Table 1). Of the 40
remaining reports, 33 (83%) were in children aged <2 years. In the
age-stratified data mining analysis, the EBO5 did not exceed 2.0
in any of the age strata other than 0-<18 months. Similar find-
ings were observed after 2010-2011 Fluzone® when data mining
analysis was restricted to only include inactivated vaccines. Taken

! Resulted in death, life threatening illness, hospitalization, prolongation of hos-
pitalization, or permanent disability.

456 total VAERS reports in children <5 yrs after 2010-11 TIV
(263 in 6-23 month-olds, 193 reports in 23-59 month-olds)

!

70 Reports of possible
seizure

1

67 confirmed as
seizure

2 ruled out
1 indeterminate

15 confirmed as
afebrile seizure

52 confirmed as febrile
seizure

I}

44 in age 6-23 months
8 in age 2-4 years'

Fig. 1. Assessment of febrile seizure reports to VAERS after US 2010-2011 triva-
lent inactivated influenza vaccine (TIV) 7/01/2010-12/{13/2010. ' 43 of 44 reports in
6-23 months and all reports in 2-4 years were Fluzone®.

together, we assessed the clinically relevant age for the signal to
be in children 6-23 months. Additionally, disproportionate report-
ing for febrile seizures was not detected following 2010-2011 TIV
products other than Fluzone®.

For the clinical review component, we identified 456 total
reports after 2010-2011 TIV in children aged <5 years. Of these, 70
were assessed as possible seizures and reviewed; medical records
were available for all reports. In addition to the 40 reports coded
with “febrile convulsion” identified in the data mining analysis,
clinical review verified 11 additional reports of febrile seizure after
2010-2011 Fluzone® using the broader search strategy (Fig. 1). Of
the 51 confirmed reports, 43 (84%) were in the 6-23 months age
group. Most (86%) of the 43 children had onset of febrile seizures
on the same day or one day after receipt of Fluzone®. Of 25 subjects
with adequate information who had febrile seizure onset within
24h of Fluzone®, 15 (60%) had onset less than 12h and 10 (40%)
had onset 12-23 h after vaccination.

Among the children aged 6-23 months, 16 (37%) received no
other vaccine at the time Fluzone® was administered, while
those who received at least one other vaccine concomitantly with
Fluzone® received the 13-valent pneumococcal conjugate vaccine
most often (n=14)(Table 2). 0Of 42 children aged 6-23 months with
sufficient information, 36 received dose 1 of 2010-2011 Fluzone®
before the febrile seizure. Thirty children received medical atten-
tion in the emergency department and were discharged home and
eight children were hospitalized overnight. Two other children
required intensive care unit management for status epilepticus;
each had received MMR and other vaccines with Fluzone® and
had seizure onset 7-10days after vaccination. All children recov-
ered. Twenty-one (49%) of 43 reports confirmed as febrile seizure
in children 6-23 months by CDC-FDA physician review also met
the Brighton case definition for generalized convulsive seizure after
Fluzone®, which includes Brighton levels 1-3 (Table 2). Twenty-
two (51%) of the reports were classified as Brighton level 4.

4. Comment

Rapidly detecting and assessing vaccine safety signals is an
important component of US immunization safety monitoring activ-
ities [13]. The ability of VAERS staff to perform Empirical Bayesian
disproportionate reporting analysis (data mining), while conduct-
ing clinical reviews of reports proved useful for a preliminary
assessment of the signal for febrile seizures after TIV in young
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Table 2
Characteristics of 43 confirmed febrile seizure reports to VAERS after 2010-2011
Fluzone® trivalent inactivated influenza vaccine in children aged 6-23 months.

Characteristic Finding
Median age in months (range) 12.5(8-21)
Median onset interval in days 0(0-10)

from vaccination to febrile
seizure (range)?
Male 20(47%)

Concomitant vaccination® 27(63%)
Clinical course

Hospitalized 10(23%)

Highest temperature 100.4°-104" F
documented

Recovery status 43(100%)
Medical history®

Family history of seizure 7(33%)
(n=21)

Past history of febrile 3(8%)
seizures (n=39)

Concurrent illness (n=38) 6(16%)
Brighton classification for generalized convulsive seizure

Level 1¢ 9{21%)

Level 2¢ 8{19%)

Level 3 4(9%)

Level 4% 51%)

Day 0 is day of vaccination. 37 (86%) of subjects had onset at 0-1 days.

b Vaccines co-administered: 13-valent pneumococcal conjugate (14),
Haemophilus influenzae type b (11), Measles-mumps-rubella (8), Varicella
(8), Diphtheria-tetanus-acellular pertussis (7), Hepatitis A (8), Hepatitis B (4),
Measles-mumps-rubella-varicella (3), Inactivated poliovirus (2).

¢ Among children with sufficient information to document the history.

4 Level 1: witnessed sudden loss of consciousness and generalized tonic, clonic,
tonic-clonic, or atonic motor manifestations.

¢ Level 2: history of unconsciousness and generalized, tonic, clonic, tonic-clonic,
or atonic motor manifestations.

I Level 3; history of unconsciousness and other generalized motor manifestations.

£ Level 4: reported generalized convulsive seizure with insufficient evidence to
meet the case definition.

children. In recent years, statistical data mining methods have been
used to allow rapid identification of possible signals in large spon-
taneous reporting systems for AEs [14]. Cases of febrile seizures
reported to VAERS were identified through FDA data mining that
were coded with the MedDRA term “febrile convulsion” combined
with Fluzone®. Once the statistical threshold for a vaccine-AE pair
is crossed, clinical judgment is required to determine if a safety sig-
nal is present. This use of complementary techniques makes VAERS
well-suited for immediate response when issues in vaccine safety
arise.

Our proactive approach resulted in obtaining all medical docu-
mentation, including most vaccination records, for reported cases
likely to represent febrile seizures after any influenza vaccine.
Clinical review verified that most of the possible seizure reports
submitted were febrile seizures. We confirmed that most reports
following 2010-2011 TIV in the US were in children aged <2 years,
had onset within 0-1days, and had features that were typical of
uncomplicated febrile seizures, which have a good prognosis [15].

Our analyses are subject to several limitations. As a passive
surveillance system, VAERS is subject to reporting biases. More-
over, VAERS is not designed to determine if increased risk for an AE
after vaccination exists, quantify the level of risk, or assess causal-
ity. Based on the recommended immunization schedule, receipt
of VAERS reports in young children who received multiple vac-
cinations is expected [16]. About two-thirds of the children with
confirmed febrile seizures had simultaneous vaccination with up
to seven vaccines in up to twenty combinations making it difficult
to assess the roles, if any, of other recommended vaccines known
to be associated with increased febrile seizure risk [17]. Further-
more, some children had evidence of other infections that might
have contributed to the febrile seizures. Our enhanced monitoring

with differential follow up and coding for febrile convulsions after
2010-2011 TIV may have introduced potential bias as compared
to previous years. The application of the Brighton Collaboration
case definition for generalized convulsive seizure in VAERS has pre-
viously been described [18] and in this case proved challenging,
limited by variability of details in medical records. This resulted
in over half of the clinically verified febrile seizure reports meet-
ing Level 4 classification in which a seizure has been reported but
there is insufficient information documented to meet the Brighton
case definition. Lastly, since Fluzone® was the only influenza vac-
cine recommended for children aged 6-23 months during the US
2010-2011 season, it is unlikely that a signal in this age group with
a known risk of febrile seizures would have been detected with any
other formulation [5].

Despite the limitations of VAERS and the preliminary nature of
the findings, we believed the signal of possible increased risk of
febrile seizures following 2010-2011 Fluzone® was important to
communicate to the public and the finding was posted on the FDA
website in January 2011 [19]. Further assessment of the signal was
undertaken and described by the Vaccine Safety Datalink, which is
designed to conduct population-based evaluations of AEs following
immunization [20].
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Biotherapies. Although the CSL TIV vaccine was not recommended for use in young children in the US,
during the 2010-2011 influenza season near real-time surveillance was conducted for febrile seizures
in the 0-1 days following first dose TIV in a cohort of 206,174 vaccinated children ages 6 through 59
months in the Vaccine Safety Datalink Project. On a weekly basis, surveillance was conducted with the
primary approach of a self-controlled risk interval design and the secondary approach of a current vs.
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Trivalent inactivated influenza vaccine historical vaccinee design. Sequential statistical methods were employed to account for repeated analyses
Vaccine safety of accumulating data. Signals for seizures based on computerized data were identified in mid November
Vaccine Safety Datalink Project 2010 using a current vs. historical design and in late December 2010 using a self-controlled risk interval
Febrile seizures design. Further signal evaluation was conducted with chart-confirmed febrile seizure cases using only

data from the primary approach (i.e. self-controlled risk interval design). The magnitude of the incidence
rate ratio and risk difference comparing risk of seizures in the 0-1 days vs. 14-20 days following TIV
differed by receipt of concomitant 13-valent pneumococcal conjugate vaccine (PCV13). Among children
6-59 months of age, the incidence rate ratio (IRR) for TIV adjusted for concomitant PCV13 was 2.4 (95%
Cl 1.2, 4.7) while the IRR for PCV13 adjusted for concomitant TIV was 2.5 (95% Cl 1.3, 4.7). The IRR for
concomitant TIV and PCV13 was 5.9 (95% Cl 3.1, 11.3). Risk difference estimates varied by age due to the
varying baseline risk for seizures in young children, with the highest estimates occurring at 16 months
(12.5 per 100,000 doses for TIV without concomitant PCV13, 13.7 per 100,000 doses for PCV13 without
concomitant TIV, and 44.9 per 100,000 doses for concomitant TIV and PCV13) and the lowest estimates
occurring at 59 months (1.1 per 100,000 doses for TIV without concomitant PCV13, 1.2 per 100,000 doses
for PCV13 without concomitant TIV, and 4.0 per 100,000 doses for concomitant TIV and PCV13). Incidence
rate ratio and risk difference estimates were lower for children receiving TIV without concomitant PCV13
or PCV13 without concomitant TIV. Because of the importance of preventing influenza and pneumococcal
infections and associated complications, our findings should be placed in a benefit-risk framework to
ensure that population health benefits are maximized.
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1. Introduction

In fall 2010 in the southern hemisphere, an increased risk of
febrile seizures was noted in children younger than 5 years of age
in Australia in the 24 h following trivalent inactivated influenza
vaccine (TIV) manufactured by CSL Biotherapies (Fluvax®, Fluvax
Junior®) [1], leading to a recommendation in the U.S. to avoid use
of the CSL vaccine in children ages 6 months to 8 years [2]. In
the Vaccine Safety Datalink (VSD) Project, which conducts active
surveillance for pre-specified adverse events in a well-defined
cohort of children and adults, several prior studies of influenza
vaccines, which differed from the 2010-2011 formulation, did not
suggest an elevated risk of seizures in the 0-7, 0-2, or 1-3 days
following influenza vaccination (0 being the day of vaccination)
[3-6]. However, because the majority of febrile seizures follow-
ing TIV manufactured by CSL occurred within 24 h of vaccination,
the VSD reexamined its risk interval definition for seizures follow-
ing influenza vaccines and conducted surveillance for seizures in
a shorter risk interval in children ages 6 months through 4 years
and 5 through 17 years during the 2010-2011 influenza season.
Here we describe the details regarding a signal for seizures fol-
lowing TIV that was identified in children under 5 years of age
in sequential monitoring during the 2010-2011 influenza season
in the U.S. and the subsequent evaluation conducted to verify the
signal.

2. Methods
2.1. Study population

The CDC-sponsored VSD is a collaboration between 10 medical
care organizations (MCO), encompassing data on 9.2 million mem-
bers annually [7-10]. Among other activities, the VSD monitors
potential associations between specific vaccines and pre-specified
adverse events using weekly updated data and sequential statisti-
cal analysis [4,6,11-14]. Participating MCOs provide computerized
weekly aggregate data on demographics, immunizations and med-
ical encounters, including International Classification of Diseases,
Ninth Revision (ICD-9) diagnosis codes. Eight MCOs participated
during the 2010-2011 influenza season: Group Health Cooper-
ative (Seattle, WA), Kaiser Permanente Colorado (Denver, CO),
Kaiser Permanente Northwest (Portland, OR), Harvard Vanguard
Medical Associates, and Harvard Pilgrim Health Care (Boston,
MA), HealthPartners (Minneapolis-St. Paul, MN), Northern Cal-
ifornia Kaiser Permanente (Oakland, CA), Southern California
Kaiser Permanente (Pasadena, CA) and Marshfield Clinic (Marsh-
field, WI). Institutional review boards at CDC and each VSD site
approved the study and agreed that informed consent was not
required.

2.2. Seizure definition

Seizures were identified in computerized data with ICD-9 codes
780.3, 780.31, 780.32, and 780.39 occurring in the emergency
department (ED) and inpatient settings. The definition was based
on prior work demonstrating a high positive predictive value (PPV)
for seizure cases following 7-valent pneumococcal conjugate vac-
cine (PCV7)[15], measles, mumps, and rubella(MMR), and measles,
mumps, and rubella-varicella vaccines (MMRV) in the VSD [14],
ranging from 81% to 94% for the ED and inpatient settings combined.
Codes in the outpatient setting were excluded because they com-
monly represent management of pre-existing seizure disorders
[15]. To avoid including follow-up visits for prior seizure episodes,
we only included cases that were the first seizure event in a 6-
month period.

2.3. Study design for signal identification

For the primary approach, we used the self-controlled risk inter-
val design, which implicitly controls for measured and unmeasured
confounders that do not vary over time, such as gender and the
presence of chronic health conditions[4,6,16,17]. On a weekly basis,
the self-controlled risk interval design was used to test the null
hypothesis of equal risk of seizures following 1st dose TIV in a
risk interval of 0-1 days post-vaccination (0 being the same day of
vaccination) compared with a control interval of 14-15 days post-
vaccination. A post-vaccination control interval minimized biases
that would be introduced with a pre-vaccination control interval
if children were more likely vaccinated during periods of relative
health [3] or due to pre-existing seizure disorders [18]. The use of
a 14-15-day control interval avoided overlap with the known ele-
vated risk of seizure in the 5-12 days following MMR and MMRV
vaccination [14,19,20].

A current vs. historical design that incorporated a histori-
cal comparison group was also used as a secondary surveillance
approach because the self-controlled risk interval design may lack
power early during weekly surveillance when few events will have
occurred [21]. In the current vs. historical design, the cumulative
number of seizures 0-1 days following TIV during the 2010-2011
season was compared with the number expected based on the rate
in TIV vaccinees from historical seasons (i.e. 2005-2006 through
2009-2010), stratified by age and site. Though the current vs. his-
torical design may have more statistical power, a disadvantage is
that it may be subject to bias due to differences in confounders
between current and historical vaccinees and changes in diagnostic
coding over time.

2.4. Statistical analysis for signal identification

Sequential statistical methods, which have been developed to
address repeated interim testing throughout surveillance, were
used [4,6,11,21,22]. We used the binomial-based maximized
sequential probability ratio test (MaxSPRT) for the self-controlled
risk interval design [21] and the Poisson-based conditional
MaxSPRT (CMaxSPRT) for the current vs. historical design [22].
The MaxSPRT uses a one-sided composite alternative hypothesis
of excess risk in the exposed post-vaccination interval, while the
CMaxSPRT is an extension of the MaxSPRT that adjusts for uncer-
tainty in expected counts when historical data are sparse.

The timeliness of data accrual varies widely depending on
whether data are derived from electronic medical record systems
or medical claims. To avoid potential bias, adjustments for data
lags were incorporated using previously published methods [6,23].
Surveillance for the study ended when (1) the log likelihood ratio
(LLR) test statistic exceeded the critical value leading to a statistical
signal ata = 0.01,(2) the total number of AEs reached a pre-specified
upper limit, or (3) the end of the surveillance period on February 5,
2011 was reached.

2.5. Signal evaluation

Though statistical signals identified during sequential moni-
toring do not necessarily represent a true increase in risk, they
indicate a need for further study [10]. An evaluation of potential
causes of the statistical signal for seizures was conducted using
the self-controlled risk interval design to compare the risk of
seizures in the risk (0-1 days) vs. control interval (14-20 days)
for the first seizures event in a 42-day period. Relative to the first
in 6-month criterion used in signal detection, the first in 42-day
period criterion used in signal evaluation increased the number
of potential cases captured, thus enhancing sensitivity. A longer
control interval was used in signal evaluation to provide more
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Table 1
Criteria for diagnostic certainty of generalized seizures [24].2

Level of diagnostic certainty Required data

Brighton Level 1
Brighton Level 2
Brighton Level 3
VSD Level 4A°
VSD Level 4B*
VSD Level 4C*

V5D Level 4D2 Clinician diagnosis of seizures

Witnessed sudden loss of consciousness” AND generalized® tonic?, clonic®, tonic-clonic', or atonic®" motor manifestations
History of unconsciousness™! AND generalized® tonic?, clonic®, tonic-clonic', or atonic®" motor manifestations

History of unconsciousness”' AND other generalized motor manifestations!

Witnessed sudden loss of consciousness” AND other generalized motor manifestations/

Altered state of consciousness* AND generalized® tonic?, clonic®, tonic—clonic’, or atonic® " motor manifestations

Altered state of consciousness* AND other generalized motor manifestations’

4 Modified criteria for inclusion of seizure cases.
Y Unconsciousness includes unreactive to verbal and painful stimuli.

¢ Synonymous: bilateral, more than minimal muscle involvement.
d

A sustained increase in muscle contraction lasting a few seconds to a few minutes.

¢ Sudden, brief (<100 ms) involuntary contractions of the same muscle groups, regularly repetitive at a frequency of about two to three contraction(s).

! A sequence consisting of a tonic followed by a clonic phase.

2 A sudden loss of tone in postural muscles, often preceded by a myoclonic jerk and precipitated by hyperventilation.

" In the absence of hypotonic hyporesponsive episode (as defined by Brighton Collaboration), syncope, and myoclonic jerks.

I The sudden loss of consciousness was not ohserved, but the patient was found unconscious.
1 Other generalized motor manifestations include less specific descriptions such as shaking, trembling, shivering and quivering.

Altered state of consciousness may include eyes rolled back, cyanosis, not responsive, unresponsive, unable to wake up, post-ictal state, sleepy or drowsy, confused,

lethargic, listless, drooling/foaming at mouth, incontinent of stool or urine if previously continent.

stable estimates of baseline risk of seizures. In addition, medical
record reviews of cases in the risk and control intervals following
TIV in the 2010-2011 influenza season were conducted.

2.5.1. Medical record reviews

Trained abstractors at each site used a standardized chart review
form to extract information on the presence of motor manifesta-
tions, loss of consciousness, fever, prior history of seizure, family
history of seizures, concomitant event or illness triggering seizure,
and medications. A pediatrician (GML) blinded to exposure status
further classified and adjudicated seizure events using a modi-
fied version of the Brighton Collaboration criteria for seizures [24]
(Table 1) and classified the presence of fever using the Brighton Col-
laboration criterion of a measured temperature of =38°C [25]. The
modified version of the Brighton Collaboration criteria for seizures
included additional levels of diagnostic certainty developed by the
VSD for this study. Though medical records often lack the level of
detail necessary to identify Brighton criteria of loss of consciousness
and/or motor manifestations, they often contain further informa-
tion that can be used to distinguish between additional degrees of
certainty covered by the VSD levels [15].

Febrile seizure cases were defined as those that met Brighton
Collaboration or VSD criteria for seizures and that also had evidence
of fever in association with the seizure event in the medical record,
as indicated by (1) a recorded temperature of =38 °C within 24h
prior of the seizure, (2) parent report of fever, or (3) a clinician's
diagnosis of febrile seizure.

2.5.2. Incidence rate ratio estimates

We used conditional Poisson regression to estimate incidence
rate ratios (IRR, a measure of relative risk) for febrile seizures
following TIV. Because only cases contribute information to the
self-controlled risk interval design, vaccinees who did not expe-
rience a seizure event in the risk or control interval were not
analyzed. Vaccines co-administered with TIV could potentially be
confounders and/or effect modifiers. Because 13-valent pneumo-
coccal conjugate vaccine (PCV13) was one of the two most common
vaccines administered concomitantly with TIV after its licensure in
February 2010 [26], we also collected computerized data on the
number of seizures in risk and control intervals following PCV13
to assess confounding or effect modification due to concomitant
administration [27]. Since chart review data were not available for
seizures following PCV13 without concomitant TIV and the positive
predictive value of febrile seizures was high, we used computerized

data for seizure cases following PCV13 without concomitant TIV.
Data were not available at the time of this assessment to evalu-
ate the contribution of diphtheria and tetanus toxoids and acellular
pertussis vaccine (DTaP), which was as likely to be co-administered
with TIV as PCV13. However, DTaP was not associated with seizures
in a prior VSD study [28].

In additional analyses, we explored whether the effects of TIV
and PCV13 on risk of seizures were multiplicative by including an
interaction term between TIV and PCV13. To explore whether the
IRR of febrile seizures following TIV or PCV13 differed by age (6-23
months vs. 24-59 months), we added interactions of TIV and PCV13
with age into the model.

2.5.3. Risk difference estimates

We estimated the risk difference (RD, i.e. attributable risk) com-
paring the risk of seizures in the risk vs. control intervals following
TIV without concomitant PCV13, TIV with concomitant PCV13 and
PCV13 without concomitant TIV. The rate difference, expressed in
cases per person day, was first calculated for each vaccine group
using the formula (IRR-1) x p0, where p0 is the baseline rate of
febrile seizures per day in the entire VSD population estimated
using computerized data and positive predictive value estimates
for ICD9 seizure codes for children ages 6-23 and 24-59 months
obtained from the present study and a separate VSD study of risk
of febrile seizures following MMR and MMRYV vaccination [14]. We
then multiplied the rate difference by the length of the risk inter-
val (2 days) to estimate the risk difference for number of excess
cases per dose administered. The confidence interval for the RD was
calculated using Monte Carlo simulations by generating 1 million
realizations of the IRR and the two PPVs independently from the
estimated asymptotic distributions, calculating the corresponding
RD, and constructing the confidence interval for the RD using the
corresponding percentiles. For descriptive purposes, we also esti-
mated the RD for each vaccine group by age in months because the
baseline rate of febrile seizures is known to vary with age [29].

3. Results
3.1. Signal identification

From August 1, 2010 to February 5, 2011, first dose TIV was
administered to 206,174 children ages 6-59 months (Table 2) and
to 384,098 children ages 5-17 years. During the week of November
14, 2010 in the third week of surveillance, a statistical signal for
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Table 2

Number of 1st trivalent inactivated influenza vaccine (TIV) doses administered to
children ages 6-59 months by select characteristics, Vaccine Safety Datalink, August
1, 2010 to February 5, 2011.

1st TIV doses (N=206,174)

VSD site
A 80,288 (39%)
B 77,664 (38%)
6 other sites, combined 48,222 (23%)
Age
6-11 months 40,375 (20%)
12-15 months 24474 (12%)
16-23 months 36,203 (18%)
24-59 months 105,122 (51%)
Sex
Male 106,647 (52%)
Female 99,525 (48%)
Unknown 2 (0%)
Manufacturer
Sanofi-Pasteur 156,800 (76%)
GlaxoSmithKline 13,646 (7%)
Novartis 10,335 (5%)
Other 6009 (3%)
Missing 19,384 (9%)
Vaccines administered concomitantly with TIV
13-valent pneumococcal conjugate
vaccine (PCV13)* 57197 (28%)
Vaccines other than PCV13 37.364 (18%)
None (i.e. TIV only) 111,613 (54%)

&

With or without vaccines other than PCV13,
b 10,838 children (5% of children receiving 1st TIV doses) received TIV+PCV13
without other vaccines.

seizures in children 6-59 months was identified using the current
vs. historical CMaxSPRT approach, corresponding to a relative risk
of 3.3 based on 12 observed vs. 3.6 expected cases (Fig. 1a). Six
weeks later, during the week of December 26, 2010, a statistical
signal was also detected in children ages 6-59 months using the
self-controlled risk interval binomial-based MaxSPRT approach,
with a relative risk of 5.7 based on 17 cases in the 0-1 day risk
interval and 3 cases in the 14-15 day control interval (Fig. 1b).
No statistical signals were identified for children ages 5-17 years
during surveillance.

3.2. Signal evaluation

3.2.1. Medical record reviews

A total of 32 potential cases in the risk interval (i.e. 0-1 days)
and 34 potential cases in the control interval (i.e. 14-20 days) were
identified in computerized data. Of the 30 potential cases in the
risk interval that had medical records available for review, 27 (90%)
cases met Brighton criteria level 1 (n=2) or VSD criteria levels 4A
(n=1),4B (n=3),4C (n=7), or 4D (n=14) for generalized seizures
following TIV. Twenty-five seizure cases (83%) in the risk interval
were categorized as having a febrile seizure, though only 21 (70%)
met the Brighton criterion for documented fever of =38 °C. Addi-
tional clinical characteristics of chart confirmed cases in the risk
and control intervals are described in Table 3. Of the 31 poten-
tial cases available for review in the control interval, 26 (84%) met
Brighton criteria level 1 (n=2) or VSD criteria levels 4A (n=1), 4B
(n=5),4C(n=7),0r4D (n=11), 22 (71%) also had associated fever,
and 20 (65%) met the Brighton criterion for fever. The 25 and 22
chart confirmed febrile seizure cases that had occurred in the risk
and control intervals following TIV were included in all regression
models.

3.2.2. Incidence rate ratios for febrile seizures in the 2010-2011
season

3.2.2.1. Primary analysis. Unadjusted for concomitant vaccination,
the IRR for febrile seizures in the 0-1 days following TIV com-
pared with an unexposed control interval was 4.0 (95% CI 2.1,
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Fig. 1. Log-likelihood ratio during prospective surveillance for seizures following
1st dose trivalent inactivated influenza vaccine (TIV) in children ages 6-59 months
for{a) current vs. historical and (b) self-controlled risk interval designs in the Vaccine
Safety Datalink, August 1, 2010 to February 5, 2011. Critical value thresholds for
signal identification are shown by the dashed lines. Control interval definition for
self-controlled risk interval design was changed from 7-8 days to 14-15 days post
vaccination beginning the week of analysis of 12/5/2010 to avoid overlap with the
known increased risk of seizures in the 5-12 days following MMR and MMRV.

6.2) (Table 4A). With adjustment for same day PCV13 vaccination
(Table 4B), the association between TIV and febrile seizures was
attenuated but still indicated an increased risk following TIV (IRR
2.4,95%CI1.2,4.7). Similarly, adjusted for concomitant TIV vaccina-
tion, the IRR for seizures following PCV13 vaccination was 2.5 (95%
Cl 1.3, 4.7). Based on the model that did not allow for interaction
between TIV and PCV13, receipt of TIV and PCV13 on the same day
was associated with 5.9 (95% CI 3.1, 11.3) times the risk of febrile
seizures in the 0-1 days following vaccination compared with an
unexposed control interval.

3.2.2.2. Secondary analysis. When included in the model, the inter-
action term between TIV and PCV13 was not significant (coefficient
for TIV x PCV13 interaction 1.0, 95% CI 0.3, 4.2, p-value 0.96). In
exploratory analyses evaluating whether the IRR for TIV or PCV13
varied by age (6-23 months vs. 24-59 months), the estimated IRRs
for febrile seizures in children 24-59 months following TIV (IRR 1.6,
95% Cl1 0.5, 5.2) or PCV13 (IRR 1.4, 95% CI 0.2, 8.3) appeared to be
lower than the corresponding IRRs in children ages 6-23 months
for TIV (IRR 3.0, 95% CI 1.2, 7.4) or PCV13 (IRR 2.5, 95% CI 1.2, 5.0).
However, the confidence intervals were wide and the p-values for
tests of differences in IRR by age were not significant (p 0.41 for TIV,
p 0.35 for PCV13).
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Table 3

Clinical characteristics of chart-confirmed febrile seizure cases occurring in the
risk interval (0-1 days) and control interval (14-20 days) following 1st dose triva-
lent inactivated influenza vaccine (TIV), Vaccine Safety Datalink, August 1, 2010 to
February 5, 2011.

Cases in control
interval (N=22)

Cases in risk
interval (N=25)

Clinical characteristic N (%) N (%)
Setting of diagnosis

Emergency department 21 (84%) 22 (100%)

Inpatient 4 (16%) 0 (0%)
Previous history of seizures

Yes 8 (32%) 7 (32%)

No 14 (56%) 11 (50%)

Missing 3 (12%) 4 (18%)
Family history of seizures

Yes 5 (20%) 4 (18%)

No 6 (24%) 10 (45%)

Missing 14 (56%) 8 (36%)
Current illness

Upper respiratory illness 5 (20%) 9 (41%)

Urinary tract infection 1 (4%) 2 (9%)
Received concomitant 13-valent pneumococcal conjugate vaccine (PCV13)?

Yes 17 (68%) 10 (45%)

No 8 (32%) 12 (55%)
Received concomitant diphtheria, tetanus, and acellular pertussis (DTaP)?

Yes 17 (68%) 11 (50%)

No 8 (32%) 11 (50%)

2 13 cases in the risk interval (48%) and 7 cases in the control interval (32%)
received PCV13 and DTaP vaccines concomitantly with TIV.

3.2.3. Risk difference estimates for febrile seizures in the
2010-2011 season

When average RDs were calculated over the entire age range of
6-59 months, the RD was highest in those who received concomi-
tant TIV and PCV13 (average RD per 100,000 doses 17.5, 95% Cl
7.4,36.6) and was lower in children who received TIV without con-
comitant PCV13 (average RD per 100,000 doses 4.9,95% CI10.7,13.2)
or PCV13 without concomitant TIV (average RD per 100,000 doses
5.3,95%Cl 1.2,13.1). The sum of the average RDs for febrile seizures
following TIV without concomitant PCV13 and PCV13 without con-
comitant TIV (i.e. 49+5.3=10.2 per 100,000 vaccinees) was less
than the average RD for TIV with concomitant PCV13 (17.5 per
100,000 doses). Because the background rate of seizures varies con-
siderably with age, increasing from 6 to 16 months followed by a
decline from 17 to 59 months, the RDs also varied substantially as
a function of age (Fig. 2), with the highest estimates occurring at 16
months and the lowest estimates occurring at 59 months.

4. Discussion

During surveillance for potential adverse events in the
2010-2011 influenza season in the VSD, we preliminarily identi-
fied an elevated risk of seizures following 1st dose TIV for children

Table 4

Incidence rate ratio (IRR) estimates for febrile seizures in children 6-59 months of
age for (A) 1st dose trivalent inactivated influenza vaccine (TIV) and (B) 1st dose TIV
and any dose of PCV13, self-controlled risk interval design, Vaccine Safety Datalink,
August 1, 2010 to February 5, 2011.

Number in Number in IRR (95% CI) for
risk control 6-59-month-old
interval interval children
(A) Model 1
TIV 25 22 4.0(2.1,6.2)
(B) Model 22
TIV 25 22 24(1.2,47)
PCV13 29 27 25(1.3,47)

4 Among concomitant TIV +PCV13 vaccinees, the IRR of seizures was 5.9 (95% Cl
3.1, 11.3) based on model 2.

ages 6-59 months in mid-November 2010 using computerized
data. Upon further investigation, TIV and PCV13 were each asso-
ciated with an increased risk of febrile seizures independent of
concomitant receipt of the other. Importantly, the risk differences
were highest following receipt of concomitant TIV and PCV13, in
comparison to TIV without concomitant PCV13, or PCV13 without
concomitant TIV. Furthermore, the risk differences varied substan-
tially as a function of age, with the highest estimates occurring at
16 months (e.g. 45 per 100,000 doses for TIV with concomitant
PCV13) and the lowest estimates occurring at 59 months (e.g. 4 per
100,000 doses for TIV with concomitant PCV13). The sum of the risk
differences for TIV without concomitant PCV13 and PCV13 without
concomitant TIV appeared to be smaller than the risk difference for
concomitant TIV and PCV13, which may suggest that separate day
TIV and PCV13 vaccination is associated with an overall smaller
risk of febrile seizures when compared with concomitant vacci-
nation. However, caution in interpreting this particular finding is
warranted because a formal statistical analysis comparing the risk
of seizures in same day vs. separate day TIV and PCV13 vaccinees
was not performed.

Febrile seizures are not uncommon in childhood, affecting 2-5%
of children under 5 years of age [29-31] with an estimated back-
ground incidence of 240-480 per 100,000 person-years [32,33]. The
baseline risk for febrile seizures is known to vary with age, increas-
ing approximately 3-fold from 6 to 16 months of age, followed by a
less steep decline of approximately 5-fold from 17 to 59 months of
age [28,29]. In addition to age, genetics [34,35], co-morbidities (e.g.
pre-term birth, fetal growth retardation) [36,37], or environmental
risk factors (e.g. in utero exposure to smoking, antihistamine use)
[29,38] may further elevate the risk for seizures following febrile
illness, regardless of cause. Of the currently U.S. licensed childhood
vaccines, measles containing vaccines have also been associated
with febrile seizures in young children. Post-licensure studies have
estimated that25-38 excess febrile seizure cases occur per 100,000
children receiving MMR vaccine when compared with no MMR
vaccine [19,39]. Furthermore, first dose MMRV vaccine has been
associated with 38-43 excess febrile seizure cases per 100,000 chil-
dren when compared with simultaneous administration of MMR
and varicella vaccines [14,20].

An increased risk of febrile seizures following TIV had not been
found prior to the 2010-2011 influenza season in the U.S. [3-6].
Although the VSD used the shorter risk interval of 0-1 days during
the 2010-2011 season based on the Australian signal following CSL
manufactured vaccines [1], our findings are unlikely to be due to
a change in the risk interval definition (i.e. from 0-7 to 0-1 days),
since re-evaluation of data from prior seasons using the 0-1 day risk
interval did not result in similar elevations in the risk for seizures
[40]. While the vaccine used in the 2010-2011 influenza season
in the northern hemisphere included the same strains as those
used during the 2010 influenza season in the southern hemisphere
the elevated risk of seizures following TIV in Australia was limited
to CSL manufactured products [1], in contrast to the U.S., where
CSL vaccines were not recommended for use in children younger
than 9 years of age in the U.S. during the 2010-2011 season [2].
In the VSD during the 2009-2010 influenza season, no increase in
risk of seizures was found following H1N1 monovalent inactivated
influenza vaccine [6], which is antigenically equivalent to one of
three strains included in the 2010-2011 formulation [41]. Thus, it
remains unclear whether the new association between influenza
vaccines and febrile seizures in the U.S. may be attributed to the
strains used in the 2010-2011 vaccine, to concomitant TIV and
PCV13 vaccination, or both.

Our findings should be interpreted in the context of the benefits
of vaccination in preventing influenza and pneumococcal-related
morbidity. The majority of seizures in children is precipitated by
febrile illnesses, which are often caused by infections. Influenza
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Fig. 2. Riskdifference estimates for febrile seizures following 1st dose trivalent inactivated influenza vaccine (TIV) stratified by receipt of concomitant 13-valent pneumococcal
conjugate vaccine (PCV13) and following any dose of PCV13 without concomitant TIV by age in months, self-controlled risk interval design in the Vaccine Safety Datalink,
August 1, 2010 to February 5, 2011. Vaccines may have been received concomitantly with non-TIV, non-PCV13 vaccines. The peak risk difference occurred at 16 months,
when the RD was 12.5 per 100,000 doses (1 per 7,980 doses) for TIV without concomitant PCV13, 13.7 per 100,000 doses (1 per 7,293 doses) for PCV13 without concomitant
TIV, and 44.9 per 100,000 doses (1 per 2,225 doses) for concomitant TIV and PCV13, The nadir risk difference occurred at 59 months, when the RD was 1.1 per 100,000 doses
(1 per 88,495 doses) for TIV without concomitant PCV13, 1.2 per 100,000 doses (1 per 81,300 doses) for PCV13 without concomitant TIV, and 4.0 per 100,000 doses (1 per

24,752 doses) for concomitant TIV and PCV13.

type A and B infections have been associated with febrile seizures,
causing up to a quarter of febrile seizure related hospitalizations
in children. Conversely, up to 20% of children admitted to the hos-
pital with influenza have febrile seizures [42-46]. Pneumococcal
and influenza vaccination may prevent other non-neurologic com-
plications that may also result in hospitalizations or emergency
department visits [47-53]. Furthermore, the timing of administra-
tion of influenza and pneumococcal vaccines is critical since both
influenza and pneumococcal-related morbidity and mortality are
known to follow seasonal patterns with peaks typically occurring
during the fall and winter seasons [54-56]. The potential for missed
vaccination opportunities and the risk for vaccine-preventable
diseases in young children are key considerations in decisions
regarding timing of vaccination. As of October 2011, the Advisory
Committee on Immunization Practices continues to recommend
influenza and pneumococcal vaccination using the existing sched-
ule [57]. In order to communicate these findings to providers and
the public, the Vaccine Information Statement for TIV has been
updated for the 2011-2012 season to include information about
the potential for an increased risk of febrile seizures following co-
administration of TIV and PCV13 in young children [58].
Limitations are worth noting. Chief among these is that while
we estimated incidence rate ratios by age group, the estimates for
children 24-59 months of age were imprecise. To estimate risk dif-
ferences, we thus assumed that incidence rate ratios were constant
across all ages, which may have resulted in overestimates of risk dif-
ferences in older children and underestimates of risk differences in
younger children, or vice versa. We did not assess the confounding
or synergistic role of concomitant vaccines other than PCV13 (e.g.
DTaP); a prior study did not find an association between DTaP and
seizures [28], but confounding or effect modification by concomi-
tant administration of DTaP with either PCV13 or the 2010-2011
TIV formulation has not yet been studied. Furthermore, we did not
exclude cases noted to have concurrent infections in our analysis
due to limited information about attributable causes. In order to
minimize bias introduced by time varying confounders (e.g. age
and seasonality) [29,33,59,60], we used a control interval that was
close in time to the risk interval. In this study, we limited case
finding to seizure visits in the inpatient and ED settings among

influenza vaccinees, in order to provide an efficient and timely eval-
uation of the risk for febrile seizures, particularly since the PPV for
seizures in the clinic setting has been previously shown to be low
[15]. However, this implies that our estimates of the overall burden
(i.e. attributable risk) of febrile seizures may be conservative since
children with febrile seizures may not always receive care in an
inpatient or ED setting. We were unable to review medical records
for seizure cases that occurred following PCV13 without TIV vacci-
nation. However, because the positive predictive value for febrile
seizures following vaccination was reasonably high in this and prior
VSD studies, we believe that any potential bias from misclassifica-
tion of seizures would be limited [14]. Finally, we did not assess
the relative risk of seizures following second dose TIV or PCV13 by
dose number.

The present study has several strengths. The VSD is a large col-
laboration of MCOs which utilizes computerized data on a weekly
basis to conduct surveillance, leading to an efficient system that can
rapidly evaluate safety concerns that have been previously identi-
fied in other surveillance systems and case reports. The ability to
conduct fairly rapid medical record reviews enables further evalua-
tion of signals in a timely fashion. Compared with reporting systems
that require clinicians or caregivers to voluntarily submit reports
of potential adverse events, the VSD conducts surveillance using
data from electronic medical records and medical claims in a well-
defined population, thus making it less susceptible to biases from
underreporting and lack of appropriate comparison groups [61,62].
Moreover, the use of the self-controlled risk interval design avoided
bias due to confounding by factors that do not vary over relatively
short periods of time, including underlying chronic health condi-
tions.

In summary, an elevated risk of febrile seizures in the 0-1
days following first dose TIV was identified during the 2010-2011
influenza seasonin children ages 6-59 monthsinalarge U.S. cohort.
Among children 6-59 months of age, the IRRs of febrile seizures
were elevated for both TIV adjusted for concomitant PCV13 and for
PCV13 adjusted for concomitant TIV. The magnitude, in terms of
risk difference, was dependent on age and receipt of concomitant
PCV13 vaccine, with the highest estimates occurring at 16 months
and the lowest estimates occurring at 59 months. As the same three
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strains in the 2010-2011 influenza vaccine have been included in
the 2011-2012 influenza vaccine [56], further monitoring in the
VSD will be conducted for seizures as more doses are administered.
Results should be placed in a benefit-risk framework to aid decision
making by policymakers to maximize population health benefits.
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Time to Change Dosing of Inactivated Quadrivalent
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Background. Children under 3 years of age may benefit from a double-dose of inactivated quadrivalent influenza vaccine
(ITV4) instead of the standard-dose.

Methods. 'We compared the only United States-licensed standard-dose ITV4 (0.25 mL, 7.5 pg hemagglutinin per influenza strain)
versus double-dose ITV4 manufactured by a different process (0.5 mL, 15 pg per strain) in a phase III, randomized, observer-blind
trial in children 6-35 months of age (NCT02242643). The primary objective was to demonstrate immunogenic noninferiority of the
double-dose for all vaccine strains 28 days after last vaccination. Immunogenic superiority of the double-dose was evaluated post hoc.
Immunogenicity was assessed in the per-protocol cohort (N = 2041), and safety was assessed in the intent-to-treat cohort (N = 2424).

Results. Immunogenic noninferiority of double-dose versus standard-dose ITV4 was demonstrated in terms of geometric mean
titer (GMT) ratio and seroconversion rate difference. Superior immunogenicity against both vaccine B strains was observed with
double-dose ITV4 in children 6-17 months of age (GMT ratio = 1.89, 95% confidence interval [CI] = 1.64-2.17, B/Yamagata; GMT
ratio = 2.13, 95% CI = 1.82-2.50, B/Victoria) and in unprimed children of any age (GMT ratio = 1.85, 95% CI = 1.59-2.13, B/
Yamagata; GMT ratio = 2.04, 95% CI = 1.79-2.33, B/Victoria). Safety and reactogenicity, including fever, were similar despite the

higher antigen content and volume of the double-dose ITV4. There were no attributable serious adverse events.

Conclusions.

Double-dose IIV4 may improve protection against influenza B in some young children and simplifies annual

influenza vaccination by allowing the same vaccine dose to be used for all eligible children and adults.

Keywords.

children; double-dose; inactivated quadrivalent influenza vaccine.

Influenza has a high incidence and burden in children [1-4]. In
particular, influenza B is reported to cause a disproportionate num-
ber of influenza-related deaths in children [5]. Routine vaccination
of children against influenza is recommended in the United States
[6] and other countries. Quadrivalent influenza vaccines contain-
ing 2 influenza A strains and 2 influenza B strains are increasingly
used in vaccination programs to replace trivalent vaccines.
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Inactivated influenza vaccines (IIVs) are administered to
adults and children from 3 years of age at a dose of 0.5 mL,
containing 15 pg of hemagglutinin (HA) per virus strain. In
children under 3 years of age, the United States-licensed stan-
dard-dose is 0.25 mL, containing 7.5 pug of HA per virus strain.
Both the 15 pg and 7.5 pg doses are available for this age group
in some countries, including Canada, Brazil, Mexico, Finland,
and the United Kingdom. The 7.5 pg dose was introduced in
the 1970s to reduce reactogenicity, including febrile convul-
sions, associated with the whole virus vaccines available at
the time [7-11]. However, young children mount a variable
immune response to the 7.5 ug dose [12-14]. Currently avail-
able split virus vaccines are better tolerated than whole virus
vaccines [10, 15, 16], questioning the practice of using the 7.5
pg dose with IIVs.

The inactivated quadrivalent influenza vaccine (IIV4) man-
ufactured in Quebec, Canada by GSK Vaccines is licensed at
a double-dose (15 pg per antigen) for children from 6 months
of age in Canada and Mexico, but it is currently only licensed
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for children 3 years of age and older in the United States. The
only 11V4 licensed for use in children 6-35 months of age in
the United States is Sanofi Pasteur’s Fluzone Quadrivalent in a
standard-dose (7.5 pg per antigen). No other IV is approved in
the United States in this age group either because immunogenic
noninferiority to Fluzone could not be demonstrated [17, 18] or
because of excessive reactogenicity [19, 20].

If the double-dose vaccine could be administered in young
children without adverse effects on tolerability, this age group
may benefit from potentially improved immunogenicity. In this
study, we describe a phase IIT study that compared the safety
and immunogenicity of a double-dose 1IV4 manufactured by
GSK Vaccines with the United States-approved standard-dose
IT1V4 in children 6-35 months of age.

METHODS

This was a phase III, randomized, controlled, observer-blind,
multicenter trial in children 6-35 months of age (ClinicalTrials.
gov Identifier NCT02242643). The trial was approved by indepen-
dent ethics committees or institutional review boards, conducted
in accordance with the Declaration of Helsinki, the International
Conference on Harmonisation Good Clinical Practice (ICH-GCP)

guidelines, ICH Harmonised Tripartite guideline for pediatric
populations, and US regulatory requirements. Parents or legally
acceptable representatives provided written informed consent.

Participants, Vaccines, and Study Design

Children in stable health were recruited in the United States and
Mexico during the 2014-15 influenza season (Supplementary
Appendix). The double-dose ITV4 (GSK Vaccines, Quebec, Canada)
contained 15 pg HA of each of the 4 strains: A/California/7/2009
(A/HIN1), A/Texas/50/2012 (A/H3NZ2), B/Brisbane/60/2008 (B/
Victoria), and B/Massachusetts/2/2012 (B/Yamagata). The stan-
dard-dose ITV4 (Fluzone Quadrivalent; Sanofi Pasteur, Swiftwater,
PA) contained 7.5 pg of HA of each of the same strains.

Children were randomized 1:1 to double-dose or stan-
dard-dose 1IV4. Allocation to a study group at the investiga-
tor site was performed using an internet-based randomization
system (SBIR). The randomization algorithm used a minimiza-
tion procedure to balance the composition of treatment groups,
accounting for age (6-17 and 18-35 months), center, and influ-
enza vaccine priming status. The study aimed to enroll 40%-
50% of children in the 6-17 months age group. Children were
considered vaccine-primed if they had received 2 or more doses
of influenza vaccine since July 1, 2010 or at least 1 dose of the

2430 enrolled

—>| Study vaccine not administered, n=6

Double-dose IIV4, n=1207

Intent-to-treat cohort (N=2424)

Standard-dose IIV4, n=1217

Double-dose 1IV4,
Excluded, n=194

Administration of vaccine forbidden in protocol n=
Randomization failure n=
n=0  Vaccine not administered according to protocol n=
Vaccine temperature deviation n=.
n=0 Inclusion or exclusion criteria violated =
n=4  Administration of medication forbidden by the protocol  n=:
n=

Double-dose lIV4 Standard-dose IIV4 | _
75 withdrew 78 withdrew a2
n=15  Consent withdrawal n=10
n=54  Lost to follow-up n=61
n=1 Protocol violation n=2
n=1 Moved from area n=3
n=4 Other n=2
n=1013
A J n=9
Double-dose lIV4 Standard-dose lIV4 n=2
n=1132 Completed study n=1139 n=2

n=1_  Medical condition forbidden by the protacol
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n=38 Non-compliance with blood sampling schedule n=41
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1
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v
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Per-protocol cohort for immunogenicity: primed, regardless of age (N=1173) Per-protocol cohort for immunogenicity: unprimed, regardless of age (N=868)

Double-dose lIV4, Standard-dose 1IV4, Double-dose IIV4, Standatddoss 4,
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Figure 1. Participant disposition.
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Table 1. Participant Demographics (Per-Protocol Cohort)

All Children (Regardless Of Priming
Status, 6-35 Months)

Primed Children [6—35 Months) Unprimed Children {6-35 Manths)

Characteristic Double-Dose Standard-Dose Double-Dose Standard-Dose Double-Dose Standard-Dose
V4 N =1013 IIV4 N = 1028 IIV4 N = 587 IIV4 N =586 IIV4 N = 426 1IV4 N = 442
Age at first vaccination, months, mean (S0) 19.748.7) 19.9(89) 245(6.2) 24.816.1) 13.1(7.2) 135(7.9)
Age 6-17 months, n{%) 400{39.5) 407 {39.0) T4{128) 63(11.8) 326(76.5) 332(75.1]
<12 months, n (%) 213{21.0) 226122.0) 0 ] 213(50.0) 226 (51.1)
Age 18~35 months, n (%) 513 {60.5) 627 (61.0) 513(87.4) 517 (88.2) 100235 110(24.9)
Female, n (%]} 462 (45.6) 496 (48.2) 264 (45.0) 283 {48.3) 198 {46.5) 213 (48.2)
Geographic ancestry, n (%)
Caucasian/European 647 {63.9) 667 {64.9) 393 (67.0) 400 {66.3) 254 {59.6) 267 (60.4)
African/African American 14314.1) 140{13.6) 83(15.2) 78{13.3) 5412.7) B2 (14.0
American Indian or Alaskan Native 2312.3) 18({1.8) 15{2.6} 13(2.2) 8(1.9) 5(1.1)
South East Asian 17{1.7) 20{1.9] 11{1.9) 14(2.4) 61{1.4) 6(1.4)
Other 183{18.1) 183(17.8) 79(135) 81013.8) 104 (24.4) 102 (23.1)

Abbreviatioing: V4, inactivated guadrivalent influenza vaceine; N, number of participants included in analysis: n, number of participants in stated category; 30, standard deviation.

2013-14 influenza vaccine. Vaccine-primed children received
a single dose on day 0. Vaccine-unprimed children received 1
dose on day 0 and another on day 28.

Study Endpoints

Blood for serologic testing was obtained on days 0 and 28 from
primed children and on days 0 and 56 from unprimed children.
The following parameters were derived from hemagglutina-
tion inhibition (HI) titers: (1) geometric mean titer (GMT),
(2) seroconversion rate (SCR), (3) seroprotection rate (SPR),
and (4) mean geometric increase (MGI). Seroconversion rate
was defined as the percentage of participants with either (1)
prevaccination reciprocal HI titer <1:10 and a postvaccina-
tion reciprocal titer 21:40 or (2) prevaccination reciprocal titer
21:10 and at least a 4-fold increase in postvaccination recipro-
cal titer. Seroprotection rate was defined as the percentage of
participants who attained reciprocal HI titers of >1:40. Mean
geometric increase was defined as the geometric mean of the
within-subject ratios of the postvaccination/prevaccination
reciprocal HI titer.

Parents recorded solicited injection site and general
symptoms on the day of vaccination and for the next 6 days.
Spontaneously reported symptoms were recorded until 28 days
after vaccination. Serious adverse events (SAEs), potential
immune-mediated diseases, and medically attended adverse
events were recorded until the final study contact on day 180.
Monitoring for febrile seizures was carried out throughout the
study.

Study Objectives

The primary objective was to demonstrate immunogenic non-
inferiority of the double-dose versus the standard-dose ITV4 28
days after completion of the vaccination course. Noninferiority

criteria were met if, for each of the 4 vaccine strains, the upper
limit of the 95% confidence interval (CI) of the GMT ratio
(standard-dose/double-dose) was <1.5 and the upper limit of
the 95% CI of the difference in SCR (standard-dose minus dou-
ble-dose) was <10%.

If the primary objective was achieved, the secondary
objective was to evaluate whether double-dose [1V4 produced
an immune response against each of the vaccine strains that
met Center for Biologics Evaluation and Research (CBER)
criteria, ie, the lower limit of the 95% CI of the SCR was
240% and the lower limit of the 95% CI of the SPR was =70%.
Additional secondary objectives were to (1) evaluate GMT,
SPR, SCR, and MGI at 28 days after completion of the vac-
cination course, (2) describe the safety and reactogenicity of
the vaccines, and (3) evaluate the relative risk of fever with
double-dose versus standard-dose during the 2-day postvac-
cination period.

A post hoc evaluation was conducted to compare the
immune response of the double-dose versus the standard-dose
using CBER criteria conventionally applied to establish vac-
cine lot-to-lot consistency. Immunogenic superiority of the
double-dose was concluded if the lower limit of the 95% CI of
the GMT ratio (double-dose/standard-dose) was >1.5 and the
lower limit of the 95% CI of the difference in SCR (double-dose
minus standard-dose) was >10%.

Statistics

Enrollment of 1200 children per group (1020 evaluable subjects
assuming an attrition rate of 15%) was planned to allow a global
statistical power of 99% for the primary objective evaluation.
The immunogenicity analysis was based on the per-proto-
col cohort and the safety analysis was based on the intent-to-
treat cohort (Supplementary Appendix). Subgroup analyses
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Figure 2. Geometric mean titer for all vaccine strains in all children
6-35 months of age regardless of priming status and in each subgroup pre-
vaccination and 28 days after completion of vaccination series (per-proto-
col cohort). Cl, confidence interval; 11V4, inactivated quadrivalent influenza
vaccine.

according to age and priming status were conducted on the
per-protocol cohort.

The overall type I error for the study was 5%. If the pri-
mary objective was met, the secondary objective of CBER cri-
teria evaluation was tested to provide supportive evidence of
immunogenicity. Calculation of 95% Cls is described in the
Supplementary Appendix. The group GMT ratio was computed
using an analysis of covariance model on the log-transformed
titers. Analyses of immunogenicity excluded participants with
missing or nonevaluable measurements at the postvaccina-
tion time point. Study power was calculated using PASS 2005
(Supplementary Appendix).

RESULTS

A total of 2424 and 2041 children were included in the intent-
to-treat cohort and per-protocol cohort, respectively (Figure 1).
Demographics were similar in both vaccine groups (Table 1). In
the per-protocol cohort, 57.5% of children were vaccine-primed;
mean age was 24.6 and 13.3 months for primed and unprimed
children, respectively. Other demographic characteristics were
similar in primed and unprimed children (Table 1).

Immunogenicity

Both vaccines were immunogenic against all vaccine strains in
terms of GMT values (Figure 2). Inmunogenic noninferiority
of the double-dose IIV4 versus the standard-dose IIV4 was
demonstrated for all vaccine strains (Figure 3). Seroconversion
rate, SPR, and MGI values were higher in the double-dose group
compared with the standard-dose group in the whole study
population (6-35 months of age, regardless of priming status;
Table 2). The lower limit of the 95% CI for SCR was =240% for
the double-dose [1V4 against all vaccine strains (Table 2), meet-
ing CBER criteria for demonstration of adequate immunoge-
nicity. For SPR, the lower limit of the 95% CI was =70% for all
strains except B/Victoria (Table 2).

Immunogenicity was higher in the double-dose group com-
pared with the standard-dose group, particularly against vac-
cine B strains in children 6-17 months of age and unprimed
children (Table 3; Figure 2). When the unprimed group was
further evaluated by age, it could be seen that the main dif-
ference between vaccines occurred in children 6-17 months
of age. These observations prompted us to perform the post
hoc evaluation comparing the immune response elicited by
the vaccines in the whole study population and according to
age group and priming status. The analysis indicated superior
immunogenicity of the double-dose 11V4 against both vaccine
B strains in children 6-17 months of age and all unprimed chil-
dren. In children 6-17 months of age, the GMT ratio was 1.89
(95% CI, 1.64-2.17) for B/Yamagata and 2.13 (95% CI, 1.82-
2.50) for B/Victoria (Figure 4 and Supplementary Table 1).
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Figure 3. Noninferiority of the double-dose versus the standard-dose in all children 6-35 months of age regardless of priming status: geometric mean titer
{GMT) ratio and difference in seroconversion rate (SCR) at 28 days after completion of vaccination series {per-protocol cohort). Cl, confidence interval; 11V4,
inactivated quadrivalent influenza vaccine.

Table 2. Immunogenicity Against Each Vaccine Strain at 28 Days After Completion of Vaccination Series in All Children 6-35 Months of Age Regardiess
of Priming Status (Per-Protocol Cohort)

AHINT AHINZ B/Yamagata B/Victoria

Endpoint N Value N Value I Value N Value
GMT, 1/DIL (95% Cl)

Double-dose 1m3 98.8(90.3-108.2) 1013 97.7 {90.3-105.7} 1m3 257.5(240.9-275.3) 1013 55.1 {50.8-59.8}

Standard-dose 1028 84.4(76.9-92.6 1028 84.3(77.6-91.6) 1028 164.2 (151.8-177.6) 1028 33.4130.6-36.4)
SCR, % (95% CI)

Double-dose 972 73.7(70.8-76.4) 972 76.1(73.3-78.8) 974 B85.5(83.2-87.7) 973 64.9{61.8-67.9

Standard-dose 980 67.3(64.3-70.3) 980 69.4 (66.4-72.3) 980 73.8(70.9-76.5) 380 48.5{45.3-51.6)
SPR, % (95% CI)

Double-dose 1013 80.4(77.8-82.8) 1013 B2.2 (79.7-84.5) 1013 97.0{95.8-98.0) 1013 66.0 (63.0-69.0)

Standard-dose 1028 75.4 (72.6-78.0) 1028 77.8(75.2-80.3) 1028 88.6{86.5-90.5) 1028 49.8(46.7-52.9)
MGI (95% Cl)

Double-dose 972 9.0(8.4-9.7) 972 10.7 {10.0-11.8) 974 12.7{11.3-13.3) 973 8.7(8.1-94)

Standard-dose 980 1717.1-8.3) 980 B9(8.2-97) 980 81(75-88) 980 54(5.0-58)

Abbreviations: Cl, confidence interval, DIL, dilution; GMT, geometric mean titer; MGI, mean geometric increase; N, number of participants included in analysis; SCR, seroconversion rate; SPR, seroprotection rate.
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Table 3. Comparison of Inmunogenicity of the Double-Dose Versus the Standard-Dose According to Age and Priming Status at 28 Days After

Completion of Vaccination Series (Per-Protocol Cohort)

AHINT AMMANZ B/Yamagata B/Victoria
Endpoint N Value N Value N Value N Value
6-17 months (regardless of priming status)
GMT, 1/DIL (95% Cl}
Double-dose 400 427 (37.1-49.0) 400 58.9 (52 2-66.4) 400 151.0(137.4-165.9} 400 68.7 (61.8-76.3)
Standard-dose am 43,2 137.3-50.0) 4M 54.8(47.9-62.7) an 79.1(70.9-88.1) an 31.9(28.4-357)
SPH, % (95% CI)
Double dose 400 61.3{56.3-66.1} 400 70.3(65.5-74.7) 400 94.3{91.5-96.3) 400 78.3(739-822)
Standard-dose 401 59.9(54.9-64.7) 40 67.8(63.0-72.4) 40 77.6(73.2-81.5) 401 51.4(46.4-56.4)
SCR, % (95% CIj
Double-dose 376 58.5(63.3-63.5 376 69.1(64.2-73.8) 376 79.5(75.1-83.5) 376 77.4(728-815)
Standard-dose 375 57.6(52.4-62.7) 375 66.7 (61.6-71.4) 35 61.9 (56.7-66.8) 375 50.4 (45.2-55.6)
MGI {95% CI)
Double-dose 376 6.0(5.3-6.8) 376 10.2(9.0-11.8) 376 12.3(10.7-14.3) 376 123(11.0-13.8)
Standard-dose 375 6.1(5.2-7.1) 375 88 (7.7-102) 3B 6.1(5.3-7.0) 375 5.7 (5.1-6.4)
18-35 months (regardless of priming status)
GMT, 1/DIL (95% CI)
Double-dose 613 170.9(155.2-188.3) 613 136.0(123.7-149.6) 613 364.8(336.7-395.3) 613 47.8(426-53 8)
Standard-dose 627 129.6 (116.3-144.3) 627 111.1{100.6-122.7) 627 262.1 (239.3-287.1) 627 34.4(30.4-38.8)
SPR, % (95% CI)
Double-dose 613 92.81(90.5-94.7) 613 90.0 (87.4-92.3) 613 98.9(97.7-99.5) 613 58.1 (54.1-62.0)
Standard-dose 627 85.3 (B2.3-B8.0) 627 84.2 (81.1-87.0) 627 95.7 {93.8-97.1) 627 48.8 (44 8-52 8)
SCA, % (95% C1)
Double-dose 536 83.2 (80.0-86.1) 596 80.5(77.1-83.6) 598 89.3(86.5-91.7) 597 57.0(52.9-61.0)
Standard-dose 605 73.4(69.7-76.9) 605 71.1167.3-74.7) 605 81.2(77.8-84.2) 605 47.3(43.2-513)
MGI {95% CI)
Double-dose 536 11.7(10.7-12.8) 536 11.1(10.0-12.7) 598 12.9(11.8-14.0) 597 7.0(6.4-7.7)
Standard-dose 605 8.9(8.1-49.8) 605 9.0(8.2-9.9 605 9.7 (8.9-106 605 5.2 (4.7-5.7)
Primed (regardless of age)
GMT, 1/DIL (95% CI)
Double-dose 587 158.8(143.3-176.0) 587 118.4(107.5-130.3) 587 334.3(306.4-364.7) 587 38.1(34.0-428)
Standard-dose 586 115.0(102.6-128.9) 586 90.4 (81.8-100.0) 586 242.2{219.1-267.7) 586 26.7(236-303)
SPR, 9% {95% CI)
Double-dose 587 90,6 {88.0-92.9) 587 87.2 (84.2-89.8) 587 98.1(96.7-99.1) 587 49.4 (45.3-535)
Standard-dose 586 82.1(78.7-85.1) 586 80.2 (76.7-83.4) 586 93.7 {91.4-95.5) 586 40.1(36.1-44.2)
SCR, % (95% Cl)
Double-dose 570 B0.5(77.0-83.7 570 779(743-81.2) 572 86.5 (83.5-89.2) 571 48.0(43.8-522)
Standard-dose 563 70.3(66.4-74.1) 563 67.1(63.1-71.0) 563 78.0(74.3-81.3) 563 3B.4(34.3-425)
MG (95% Cl)
Double-dose 570 10.9(10.0-12.0 570 10.0{3.1-10.9) 572 10.7 (9.9-11.6) 571 5.6(5.1-6.1)
Standard-dose 563 85(7.7-9.3) 563 7.61(6.9-8.3) 563 82 (76-89) 563 40(3.6-44}
Unprimed (regardless of age)
GMT, 1/DIL (95% Ci)
Double-dose 476 51.4(44.7-59.1) 426 75.0 (66.0-85.3) 476 179.8{163.7-197.4 476 91.7(83.8-100.3)
Standard-dnse 447 56.0 (48.4-64.8) 447 76.8 (66.9-88.3) 447 98.1 (88.1-109.3) 447 44.8(40,1-50.0)
SPR, % {95% CI)
Double-dose 426 66.2 {61.5-70.7) 426 754 (71.0-79.4) 426 95.5(93.1-97.3) 476 89.0(85.6-91.8)
Standard-dose 442 66.5 {61.9-70.9) 442 747 (70.3-787) 442 81.9(78.0-854) 447 62.7 (58.0-67.2)
SCR, % (95% CI)
Double-dose 402 63.9(59.0-68.6 402 736 (69.0-77.9) 402 B4.1(80.1-87.5) 402 88.8(85.3-91.7)
Standard-dose 417 63.3 (58.5-67.9) a7 72.4(67.9-76.7) a7 8.1 [63.4-72 6) 47 62.1(57.3-66.8)
MGl (95% Cl}
Daouble-dose 402 6.9(6.1-7.8} 402 11.8(104-13.4) 402 16.0(13.9-18.5) 402 16.2 (14.8-17.8)
Standard-dose 17 6.8(5.9-7.8) 417 11.2(9.7-12.9) a7 B0(6.9-93) 417 B.0(7.2-88)
Unprimed (6-17 months)
GMT, 1/DIL (95% CI)
Double-dose 326 36.2(31.3-41.9) 326 56.7 (49.7-64.8) 326 146.8 (132.5-162.7) 326 84.6(76.7-93.3)
Standard-dose 332 38.0 (32 5-44.4) 332 54,1 {46.6-62.7) 332 71.1163.6-79.4) 332 35.5(31.5-40.0)

14 « JPIDS 2017:6 (March) « Jainetal



Table 3. Continued

AHINT A/H3INZ B/Yamagata B/Victoria
Endpoint N Value N Value N Value N Value
SPR, % {95% CI)
Double-dose 376 57.4(51.8-62.8) 326 68.7{63.4-73.7) 326 94.2(91.0-96.5) 326 87.4(83.3-90.8)
Standard-dose 332 57.2 (51.7-62.6) 332 68.4{63.1-73.3) 332 75.9(70.9-80.4) 33z 55.1(49.6-60.6)
SCR, % (95% ClI)
Double-dose 304 54.9 (49.2-60.6) 304 68.4 {62.9-73.6) 304 79.3{74.3-83.7) 304 87.2(82.9-90.7)
Standard-dose 309 55.0(49.3-60.7) 309 68.0(62.4-73.1) 309 58.9153.2-64.4) 300 54.4 (48.6-60.0)
MGI (95% Cl)
Double-dose 304 55(4.7-6.3) 304 10.3{8.9~-11.9} 304 12.8{10.7-15.1} 304 15.7 (14.0-17 6)
Standard-dose 309 5.5 (4.6-6.5) 309 9.1(7.7-108) 308 5.6{4.7-6.6) 309 65(58-73)
Unprimed (18-35 months)}
GMT, 1/DIL (95% CI}
Double-dose 100 161.7 (125.9-207.7) 100 187.0{143.6-243.6) 100 347.7(296.3-407.9) 100 119.2 (96.8-146.7)
Standard-dose 110 180.9(141.0-232.1) 110 222.0{173.3-284.4) 10 260.0{217 5-310.8} 10 905(73.2-111.8}
SPR, % {95% Cl)
Double-dose 100 95.0 (88.7-98.4) 100 97.0191.5-99.4 100 100 {96.4-100) 100 94.0(87.4-978)
Standard-dose 110 94.5(88.5-98.0) 110 93.6{87.3-97 4} 110 100 {96.7-100) 110 85.5(77.5-91.5)
SCR, % (95% CI)
Double-dose 98 91.8(84.5-96.4) 98 B9.8(82.0-95.0) 98 99.0(94.4-100) 98 93.9(87.1-97.7)
Standard-dose 108 B7.0(79.2-92.7) 108 B5.2 (77.1-91.3) 108 94,4 (68.3-97.9) 108 84.3 (76.0-90.6)
MGI {95% CI)
Double-dose 98 13.9(11.6-16.8) 98 18.0{141-231) 98 32.5(26.3-40.1) 98 18.0(15.3-21.2)
Standard-dose 108 12.4{10.2-15.1) 108 20,7 (15.6-27.4) 108 228(18.4-28.3| 108 14.2(11.9-168)

Abbreviations: Cl, confidence interval; DIL, dilution; GMT, geometric mean titer; MG, mean geometric increase; N, number of participants included in analysis; SCR, seroconversion rate; SPR, seroprotection rate.

Corresponding values in all unprimed children were 1.85
(95% CI, 1.59-2.13) and 2.04 (95% CI, 1.79-2.33). Superior
immunogenicity of the double-dose was also observed for
the same groups in terms of SCR difference (Figure 4 and
Supplementary Table 1).

Safety and Reactogenicity
Pain was the most common solicited injection site symp-
tom, occurring in approximately 40% of children in both
vaccine groups; severe (grade 3) pain occurred in 2.9% (95%
CI, 2.0-4.1) and 1.7% (95% CI, 1.0-2.6) of children with the
double-dose and standard-dose, respectively (Table 4). Fever
(=38.0°C) was reported in approximately 8% of children up
to 7 days postvaccination; fever >39.0°C occurred in approx-
imately 2% of children (Table 4). During the 2-day postvac-
cination period (days 0-1), the incidence of fever (238.0°C)
was similar in both groups (Table 4), and the relative risk
(double-dose/standard-dose) was 0.97 (95% CI, 0.62-1.52; P
=.9777). Twenty-two SAEs occurred in the double-dose group
and 21 in the standard-dose group (Table 4), none considered
related to vaccination. Febrile seizure was reported in 5 chil-
dren in the double-dose group and in 4 children in the stan-
dard-dose group (Table 4).

There was a modest increase in reactogenicity with regard
to general symptoms in children 6-17 months of age compared

with those aged 18-35 months with both the double-dose
and standard-dose vaccines. With the double-dose vaccine,
the fold-difference between the younger and older age groups
ranged from 1.3 for loss of appetite to 2.7 for fever 238.0°C.
With the standard-dose, the fold-difference ranged from 1.2 for
loss of appetite to 1.6 for drowsiness and fever 238.0°C. The dif-
terence between age groups was unlikely to be due to chance
because, in general, 95% CIs did not overlap. However, there
were overlapping 95% ClIs and thus no apparent age group dif-
terences with the standard-dose vaccine for fever 238.0°C and
loss of appetite.

DISCUSSION

The introduction of 1IV4 provides an opportunity to review
long-accepted practices in administration of influenza vaccines,
Since the 1970s, the standard-dose of [1Vs in children less than
3 years of age has been 7.5 ug per antigen, half the dose given
to older children and adults. The lower dose was intended to
reduce reactogenicity and febrile convulsions observed with
the whole virus vaccines that were in use at the time [7-11].
However, young children mount a variable immune response
to this lower dose, especially against vaccine B strains [12-14].
In particular, vaccine-naive children less than 3 years of age
mount a lower immune response compared with older or
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Figure 4. Comparison of immunogenicity of the double-dose versus the standard-dose in all children 6-35 months of age regardless of priming status and in
each subgroup: geometric mean titer (GMT) ratio and difference in seroconversion rate (SCR) at 28 days after completion of vaccination series (per-protocol
cohort). Cl, confidence interval; [IV4, inactivated quadrivalent influenza vaccine.

vaccine-primed children [14, 21-23]. The immune response in
this vulnerable group could be improved by a change in prac-
tice to administer the double-dose, ie, same dose as used for
children 3 years of age and above, and for adults. Increasing
the immunogenicity of ITVs for young children is expected to
improve their effectiveness, because the postvaccination HI
antibody titer is inversely related to the risk of illness [24, 25].
However, there is controversy regarding the HI antibody titer
necessary to offer high-level effectiveness [24, 25].

In the present study, both the double-dose and the stan-
dard-dose ITV4s were immunogenic against all vaccine strains in
primed and unprimed children 6-35 months of age. The primary
objective of the study—to fulfill US licensure criteria by demon-
strating immunogenic noninferiority of the investigational ITV4
to a licensed ITV4 and acceptable safety of the investigational
1TV4—was achieved. Most children receiving the double-dose ITV4
seroconverted (SCRs, 64.9%-85.5%), and most children achieved
seroprotection (SPRs, 66.0%-97.0%). Similar immune responses

have been achieved with the double-dose IIV4 in children of the
same age in small studies conducted in 3 prior seasons [26-28].
Greater antibody responses were observed with the dou-
ble-dose 1IV4 compared with the standard-dose, prompting
us to perform a post hoc analysis to evaluate whether the dou-
ble-dose elicited a superior immune response in terms of the
CBER criteria usually applied to establish lot-to-lot consistency
of influenza vaccines. In this analysis, the double-dose 11V4 did
not reach superiority to the standard-dose in the overall popula-
tion, the older age group (18-35 months), or previously primed
children. However, in the younger age group (6-17 months)
and in all unprimed children, the double-dose IIV4 met the
applied superiority immune response criteria compared with
the standard-dose against the B strains. It should be noted that
the unprimed group was predominantly 6-17 months of age.
Several previous studies have compared the HI antibody
response elicited by a double-dose versus a standard-dose IIV.
The results of the present large phase III study contrast with
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Table 4. Safety Outcomes Reported Throughout the Study (Intent-to-Treat Cohort)

Double-Dose [IV4 N = 12072

Standard-Dose IV4 N=1217¢

Adverse event Nao. Patients 9 195% CI) Mo. Patients 9 195% CI)
With Symptom With Symptom
Solicited” injection site symptoms during 7-day postvaccination period
Pain 509 44.0(41.1-46.9) 462 40.1(37.3-43.0)
Grade 3¢ 34 29(2.0-4.1) 19 1.7(1.0-286)
Redness 16 14(08-2.2) 16 1.4(0.8-2.2)
Grade 3¢ 0 - 0 -
Swelling 1 1.0(05-1.7) 5 0.4(0.1-1.0)
Grade 3 0 = 0 =
Solicited general symptoms during 7-day postvaccination period
Drowsiness an 40.6(37.8-435) an 40.9{38.0-43.8)
Grade 3* 36 31{22-43) 34 3.0121-4.1)
Fever (=38.0°C) 91 7.9(6.4-9.6) 86 75(6.0-9.1)
>39.0°C 25 22(14-32) 17 15(0.9-2.4)
Irritability/fussiness 630 54.4(51.4-57.3) 582 50.5(47.6-53.4)
Grade 3¢ 61 53 (4.0-6.7) 45 39(29-52)
Loss of appetite a9 33.7 (31.0-36.5) 385 33.4(30.7-36.2)
Grade 3¢ 2B 22[15-33) 13 1.6(1.0-2.6)
Unsolicited (sp ly reported) symptoms during 28-day postvaccination period
All 549 455 (42 6-48.3) 537 44.1(41.3-47.0)
Grade 3¢ 70 5.8(4.5-7.3 75 6.2(4.9-77)
Related to vaccine 71 59(4.6-7.4) 71 58(46-73)
Fever reported during 2-day postvaccination period
All=38.0°C) 4z 36(26-49) 43 37(2.7-50)
Febrile seizure’ during entire study period
Al 5 0.4(0.1-1.0) 4 0:3(0.1-08)
Medically attended event® during entire study period
All 727 60.2 (57.4-63.0) 719 59.1 (56.3-61.9)
Potential immune-mediated disease during entire study period'
All 1 0.1(0.0-0.5] 1 0.1 (0.0-0.5)
Serious adverse event during entire study period"
Al 2 1.8(1.1-27) 21 1.7(1.1-28)

Abbraviations: Cl, confidence interval; |IV4, inactivated quadrivalent influenza vaccine; N, number of participants included in analysis
“For solicited injection site and general symptoms, only children for whom diary cards were returned are included (injection site symptoms: N = 1156 for double-dose [IV4 and N = 1151 for standard-dose IV4; general symptoms:

M= 1158 for double-dose 1IV4 and N = 1152 for standard-dose 1V4).
“All solicited injection-site symptoms were considered related to vaccination

“Grade 3 events were defined as follows: pain: child cried when the limb was moved or the limb was spontaneously painful; redness and swelling: =100 mm surface diameter; drowsiness and irritability/fussiness: prevented

normal activity, loss of appetite: did not eat at all; sp isly reported symptom: p d normal activity.

“In the double-dose group, seizures occurred 5, 50, B8, 106, and 168 days after the first vaccine dose. In the standard-dose group, 1 seizure accurred 178 days after the first vaccine dose and the others 39, 74, and B0 days after
the second vaccing dose. All children recovered, and none of the seizures was considered by the investigator to be related to vaccination

*Hospitalization, emergency room visit, medical practitioner visit.

"Autoimmune diseases and other inflammatory and/or neurologic disorders that may or may not have an autoimmune etiology, according to a protocol-specified list or ivestigators' judgment
"Kawasaki’s disease in the double-dose group and erythema multiforme in the standard-dose group, neither related to vaccination,
"Serious adverse events were defined as any untoward medical occurrence that results in death, s life-threatening, requires hospitalization or prolongs hospitalization, or results in disability or incapacity.

those of a phase II study comparing GSK’s double-dose 11V4
with the United States-approved standard-dose inactivated
trivalent influenza vaccine (IIV3) (the corresponding IIV3 to
the licensed I1V4 comparator used in the present study) [26].
In the phase II study, the immune response with the dou-
ble-dose and the standard-dose was similar against the strains
common to both vaccines, but the sample size was too small
to reliably detect differential immunogenicity against the vac-
cine B strains, especially in children 6-17 months of age [26].
Two other small studies compared the immunogenicity of the
United States-approved IIV3 administered as a standard or

double-dose to young children in different years, with contrast-
ing results [21, 29]. A 2008-09 trial found that a double-dose
11V 3 elicited a higher immune response than a standard-dose in
vaccine-unprimed children 6-23 months of age, reaching statis-
tical significance in children 6-11 months of age for 2 of 3 vac-
cine strains [21]. However, a 2010-12 trial found no difference
in immunogenicity between standard-dose versus double-dose
ITV3s in unprimed children [29]. This prior experience high-
lights the necessity for trials of adequate size to reliably establish
treatment benefit, and it suggests that observations made in 1
year may not be repeated in other years, because the baseline
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immunity of young children may vary. Furthermore, the dose
effect on immunogenicity among 11Vs may differ according to
their manufacturing process [23, 26].

In the present study, the double-dose and standard-dose
11V4s had a similar reactogenicity profile despite the higher
antigen content and volume of the double-dose. Injection site
symptoms, including pain, occurred at a similar rate in both
groups. There was no difference in the rate of fever over the
2-day postvaccination period between the 2 groups. Febrile
seizures occurred at a similar rate in both groups, none were
reported within 2 days of vaccination, and none were consid-
ered related to the vaccine. The finding that the higher antigen
dose and volume in this study did not adversely affect toler-
ability in children confirms previous findings from studies
comparing reactogenicity and safety of double-dose versus
standard-dose [TVs [21-23, 26, 29], and 1T1V4s versus [1V3s [26,
27, 30-32].

CONCLUSIONS

In conclusion, a double-dose IIV4 may afford greater protec-
tion in young children against influenza B. Increased protection
against influenza B, a potentially serious and life-threatening
illness particularly in young children [33], would be a beneficial
clinical outcome. Use of the same vaccine dose for all eligible
ages would also simplify the annual influenza vaccine campaign
and reduce cost [34] and logistic complexity. This study pro-
vides evidence to support a change in clinical practice to use a
double-dose ITV4 (15 g per antigen) in all children 6 months of
age and older, once that dosing for a vaccine product has been
approved.

Supplementary Data

Supplementary materials are available at Journal of the Pediatric Infectious
Diseases Society online.
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ARTICLE INFO ABSTRACT

Article history: Background: In the Southern Hemisphere 2010 influenza season, Seqirus’ split-virion, trivalent inacti-
Received 8 May 2018 vated influenza vaccine was associated with increased reports of fevers and febrile reactions in young
Received in revised form 11 July 2018 children. A staged clinical development program of a quadrivalent vaccine (Segirus 1IV4 [S-1IV4];

Accepted 15 July 2018

P H 1 ™ i ™ ] ¢ L ey : :
Available online 26 July 2018 Afluria® Quadrivalent/Afluria Quad™jAfluria Tetra™), wherein each vaccine strain is split using a higher

detergent concentration to reduce lipid content (considered the cause of the increased fevers and febrile
reactions), is now complete.
Methods: Children aged 6-59 months were randomized 3:1 and stratified by age (6-35 months/36-59
THALTA e d AU shZa e months}_ to receive S-1IV4 (n=1684) or a United States (US)-licensed comparator 1IV4 (C-1IV4;
Paediatrics Fluzone® Quadrivalent; n = 563) during the Northern Hemisphere 2016-2017 influenza season. The pri-
Quadrivalent influenza vaccine mary objective was to demonstrate noninferior immunogenicity of S-11V4 versus C-1IV4. Immunogenicity
Safety was assessed by hemagglutination inhibition (baseline, 28 days postvaccination). Solicited, unsolicited,
and serious adverse events were assessed for 7, 28, and 180 days postvaccination, respectively.
Results: S-1IV4 met the immunogenicity criteria for noninferiority. Adjusted geometric mean titer ratios
(C-1IV4/S-11V4) for the A/HIN1, A/H3N2, B/Yamagata, and B/Victoria strains were 0.79 (95% CI: 0.72, 0.88),
1.27(1.15,1.42),1.12 (1.01, 1.24), and 0.97 (0.86, 1.09), respectively. Corresponding values for differences
in seroconversion rates (C-1IV4 minus S-11V4) were —10.3 (—15.4, —5.1), 2.6 (-2.5, 7.8), 3.1 (-2.1, 8.2),
and 0.9 (-4.2, 6.1). Solicited, unsolicited, and serious adverse events were similar between vaccines in
both age cohorts, apart from fever. Fever rates were lower with S-11V4 (5.8%) than C-1IV4 (8.4%), with
no febrile convulsions reported with either vaccine during the 7 days postvaccination.
Conclusion: S-1IV4, manufactured with a higher detergent concentration, demonstrated noninferior
immunogenicity to the US-licensed C-1IV4, with similar postvaccination safety and tolerability, in chil-
dren aged 6-59 months. This completes the program demonstrating the immunogenicity and safety of
S-1IV4 in participants aged 6 months and older.
Funding: Seqirus Pty Ltd; ClinicalTrials.gov identifier: NCT02914275.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.orgflicenses/by-nc-nd/4.0/).
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is especially true for young children, as only a few products are
licensed in this age group.

The Seqirus trivalent inactivated influenza vaccine (S-1IV3),
used in the Southern Hemisphere during the 2010 influenza
season, was associated with increased reports of fevers and febrile
seizures in children, especially those <5 years of age; as a result,
S-1IV3 was not recommended for continued use in this age group
[3.4]. Investigations by Seqirus identified residual lipid under the
previous splitting conditions as a likely cause of the fevers [5]. In
vitro studies showed that increasing the concentration of the deter-
gent used to split the virus reduced the lipid content and the pyro-
genicity of the vaccine [5]. Accordingly, the concentration of
splitting agent used in the manufacturing process for the Seqirus
quadrivalent inactivated influenza vaccine (S-1IV4) was increased.
The immunogenicity and safety of S-1IV4 were evaluated in two
previous phase 3 randomized studies involving adults aged =18
years [G] and children aged 5-17 years [7]; S-1IV4 showed similar
immunogenicity, safety, and fever rates to US-licensed comparator
vaccines. The objective of the current study was to assess the safety
and immunogenicity of S-1IV4 compared with a US-licensed 1IV4 in
children 6-59 months of age.

2. Materials and methods
2.1. Study design

This phase 3, randomized, observer-blind, controlled, multicen-
ter study (ClinicalTrials.gov identifier: NCT02914275) evaluated
the immunogenicity and safety of S-1IV4 compared with a US-
licensed comparator [1V4 (C-1IV4), both containing the four influ-
enza strains recommended for the Northern Hemisphere 2016~
2017 influenza season [2]. The study was conducted at 39 US sites
between September 2016 and August 2017. The protocol was
approved by the relevant Institutional Review Board at each study
site, and the study was conducted in accordance with the Declara-
tion of Helsinki [8], International Conference of Harmonisation -
Good Clinical Practice [9], and all applicable laws and regulations.
Written informed consent was obtained from parents/guardians
before any study-related procedures were performed.

2.2. Study population

Healthy children 6-59 months of age were enrolled. Children
were excluded if they were febrile (axillary temperature = 99.5 °F
[=37.5 °C]), acutely ill, immunocompromised, or allergic to egg
proteins or any study vaccine component. Children were also
excluded if they had a history of serious adverse reactions to any
influenza vaccine; a known coagulation disorder; a history of sei-
zures (with the exception of a single febrile seizure); or had
received any influenza vaccine within the last 6 months, any
immunoglobulin or blood product within the last 3 months, an
investigational product within the last 28 days, or any licensed
vaccine within the last 21 days.

2.3. Randomization

Participants were randomized 3:1 (interactive response tech-
nology system) to receive either S-1IV4 or C-lIV4. Randomization
was stratified by age (6-35month cohort and 36-59 month
cohort), with no more than 60% of the total sample size repre-
sented in either age cohort. Enrollment was staged by age cohort;
approximately one third of participants in the 36-59 month cohort
were to have received their first vaccination and provided >7 days
of postvaccination safety data such that an interim safety analysis
could be conducted before enrollment of the 6-35 month cohort.

2.4. Vaccines and vaccination schedule

Participants in the 6-35 month cohort received 0.25 mL of
vaccine and those in the 36-59 month cohort received 0.5 mL.
For S-1IV4 (Afluria® Quadrivalent/Afluria Quad™/Afluria Tetra™,
Seqirus Pty Ltd), the respective lot numbers were 090403501 and
090403502, During manufacturing, each vaccine strain was split
using 1.5% wjv sodium taurodeoxycholate. For C-1IV4 (Fluzone®
Quadrivalent, Sanofi Pasteur), the lot numbers were UT5583UA,
UT5583MA, and UT5663UA (0.25 mL dose) and UIG83AA and
UIG93AA (0.5mL dose). Each 0.25 mL dose of either vaccine
contained 7.5 mcg of hemagglutinin (HA) from each influenza virus
strain, and each 0.5 mL dose contained 15 mcg of HA from each
influenza virus strain (A/California/7/2009 [HIN1] pdm09-like
virus; A/Hong Kong/4801/2014 [H3N2]-like virus;
B/Phuket/3073/2013-like virus [Yamagata lineage];
B/Brisbane/60/2008-like virus [Victoria lineage]). Participants
received one dose (Day 1, vaccination-experienced participants)
or two doses (Day 1 and Day 29; vaccination-naive participants)
|10]. Vaccines were administered intramuscularly in the deltoid
area or anterolateral aspect of the thigh, and participants were
observed for 30 min postvaccination.

3. Immunogenicity
3.1. Primary endpoints

The primary immunogenicity objective was to demonstrate that
vaccination with S-I1IV4 elicits an immune response that is nonin-
ferior to C-1IV4 28 days after the last vaccination in participants
6-59 months of age. The eight co-primary immunogenicity end-
points were hemagglutination inhibition (HI) geometric mean titer
(GMT) ratio and difference in seroconversion rate (SCR) for each of
the four viral strains. The HI GMT ratio was defined as the geomet-
ric mean of the postvaccination (28 days after last vaccination) HI
titer for C-11V4 divided by the geometric mean of the postvaccina-
tion HI titer for S-1IV4. The SCR was defined as the percentage of
participants with either a prevaccination HI titer < 1:10 and a post-
vaccination HI titer >1:40, or a prevaccination HI titer =1:10 and a
>4-fold increase in postvaccination HI titer [11]. The difference in
SCR was the C-1IV4 SCR minus the S-1IV4 SCR.

Blood samples were collected for HI assay before the first study
vaccination (Day 1) and =28 days after the last study vaccination
(at or after Day 29 for participants receiving a single dose; at or
after Day 57 for participants receiving two doses).

3.2, Secondary endpoints

Immunogenicity was assessed in the overall study population
and separately in the two age cohorts. HI antibody titers for each
viral strain were used to calculate GMTs, SCRs, percentage of par-
ticipants with an HI titer >1:40, and geometric mean fold increase
(GMFI) in antibody titer (the geometric mean of the fold increase of
postvaccination HI antibody titer divided by the prevaccination HI
antibody titer).

4. Safety

Safety and tolerability were assessed in the overall study popu-
lation and two age cohorts. Using an electronic diary (eDiary), par-
ents/guardians recorded participants’ daily axillary temperature
and the occurrence and intensity grade of any solicited local (pain,
redness, or swelling at the vaccination site) and systemic (overall
study population: fever, nausea andfor vomiting, diarrhea; 6-35
month cohort: loss of appetite, irritability; 36-59 month cohort:
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malaise and fatigue, headache, myalgia) adverse events (AEs) for 7
days postvaccination. Fever and severe fever were defined as axil-
lary temperature >99.5°F (=37.5°C) and >101.3 °F (=38.5°C),
respectively. Unsolicited AEs, cellulitis-like reactions, and con-
comitant medication occurring up to 28 days postvaccination were
also recorded. Serious AEs (SAEs) and AEs of special interest
(including febrile events) were collected for 180 days after the last
vaccination. AEs were coded using Medical Dictionary for Regula-
tory Activities, Version 19.0. Participants who continued to experi-
ence an SAE at study completion were followed up until the event
had resolved or stabilized. An independent Data and Safety Moni-
toring Board (DSMB) provided study safety oversight.

5. Statistical analysis

Accounting for a 10% dropout rate and a 3:1 randomization
schedule, a sample size of 2222 participants (S-1IV4, n=1667;
C-1IV4, n=555) was estimated to provide at least 80% power to
demonstrate noninferiority for all eight co-primary endpoints
using a one-sided alpha of 0.025 for each comparison. No adjust-
ment for multiple endpoints was made.

Per the US Food and Drug Administration (FDA) Center for Bio-
logics Evaluation and Research (CBER) criteria [11], noninferiority
was confirmed if: (1) the upper limit of the two-sided 95%
confidence interval (Cl) of the GMT ratio (C-1IV4/S-11V4) for all four
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vaccine strains did not exceed 1.5; and (2) if the upper limit of the
two-sided 95% CI for the difference in SCRs (C-1IV4 minus S-11V4)
for all four vaccine strains did not exceed 10%. For the GMT ratio
(adjusted analysis), a general linear model was fitted on log-
transformed postvaccination HI titer as the outcome variable, with
vaccine, age cohort, sex, vaccination history, log-transformed pre-
vaccination HI titer, study site, number of vaccine doses, and
age-by-vaccine interaction as covariates.

The frequency and intensity of solicited and unsolicited AEs
were summarized for each age cohort and by vaccine group. All
solicited local adverse reactions were considered related to study
vaccine; causality assessments were performed by the investigator
for all other AEs. Two interim safety analyses were conducted by
the DSMB after approximately one third of participants in each
age cohort had received vaccination and provided >7 days of post-
vaccination safety data.

The full analysis set (FAS) was used to analyze participant
characteristics and comprised all participants whose
parent(s)/guardian(s) had provided informed consent and who
were randomized to treatment. The per-protocol population
was used for immunogenicity analyses and was defined as all
participants who were vaccinated at Day 1, had prevaccination
and postvaccination HI titers available, and did not have any
laboratory-confirmed influenza illness, prohibited medications,
or protocol deviations assessed as potentially affecting immuno-

Participants screened
N=2339

Y

Participants not randomized to study drug,
n=89

+ Failed eligibility criteria, n=74

+  Participant withdrawal, n=13

+ Investigator decision, n=2

Participants randomized to study drug
N=2250

Y

Participants randomized in error,

n=3
= Eligibility criteria data missing, n=2
+  Major protocol deviation (invalid

informed consent), n=1

Participants included in the FAS

N=2247
[
v L4
S-liv4 C-liv4
n=1684 n=563

.

.

Vaccinated (n=1679)

Vaccinated (n=561)

Y

Y

Evaluable population for immunogenicity,
n=1492
Not evaluable for immunogenicity, n=192

Analyzed for immunogenicity
Per-protocol population, n=1456
Excluded from analysis, n=228

Evaluable population for immunogenicity,
n=503
Not evaluable for immunogenicity, n=60

Analyzed for immunogenicity
Per-protocol population, n=484
Excluded from analysis, n=79

Fig. 1. Participant disposition. Abbreviations: C-1IV4 = comparator quadrivalent inactivated influenza vaccine; FAS=full analysis set; 5-11V4 = Seqirus quadrivalent

inactivated influenza vaccine,
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genicity results. The overall safety population comprised all FAS
participants who received at least one dose/partial dose of study
vaccine and had evaluable follow-up safety data. The solicited
safety population included all FAS participants who received at
least one dose/partial dose of study vaccine and had evaluable
data on solicited events. Analyses were conducted with SAS Ver-
sion 9.3 (SAS Institute, Inc., Cary, NC).
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6. Results
6.1. Disposition and baseline characteristics
Of the 2250 participants randomized, 2247 were included in the

FAS (S-11V4, n = 1684; C-IIV4, n = 563; Fig. 1). A total of 160 partic-
ipants were discontinued from the study; the main reason was

Table 1
Demographics and baseline clinical characteristics (full analysis set).”
S-1Iv4 C-lIv4 Overall
Characteristic 6-35 month 36-59 month Total 6-35 month 36-59 month Total N=2247
cohort (n = 700) cohort (n=984) (n=1684) cohort (n=235) cohort (n=328) (n=563)
Age, mean (5D) months 21.8 (8.55) 47.2 (7.02) 36.6 (14.70) 21.7 (8.73) 47.1 (6.71) 36.5 (14.68) 36.6 (14.69)
Sex, n (%)
Male 358 (51.1) 506 (51.4) 864 (51.3) 133 (56.6) 162 (49.4) 295 (52.4) 1159 (51.6)
Female 342 (48.9) 478 (48.6) 820 (48.7) 102 (43.4) 166 (50.6) 268 (47.6) 1088 (48.4)
Ethnicity, n (%)
Hispanic or Latino 190 (27.1) 244 (24.8) 434 (25.8) 70 (29.8) 90 (27.4) 160 (28.4) 594 (26.4)
Not Hispanic or Latino 509 (72.7) 734 (74.6) 1243 (73.8) 164 (69.8) 236 (72.0) 400 (71.0) 1643 (73.1)
Not reported 1(0.1) 5(0.5) 6(0.4) 1(04) 2 (0.6) 3(05) 9 (0.4)
Unknown 0 1(0.1) 1(0.1) 0 ] 0 1(<0.1)
Race, n (%)
American Indian/Alaska Native 2(0.3) 3(0.3) 5(0.3) 0 2 (0.6) 2(04) 7(0.3)
Asian 6(0.9) 9(0.9) 15 (0.9) 4(1.7) 6(1.8) 10(1.8) 25(1.1)
Black or African American 146 (20.9) 215(21.8) 361 (21.4) 44 (18.7) 79 (24.1) 123 (21.8) 484 (21.5)
Native Hawaiian or Other 4 (0.6) 9(0.9) 13 (0.8) 0 3(0.9) 3(0.5) 16 (0.7)
Pacific Islander
White 512 (73.1) 693 (70.4) 1205 (71.6) 174 (74.0) 217 (66.2) 391 (69.4) 1596 (71.0)
Other 30 (4.3) 55 (5.6) 85 (5.0) 13 (5.5) 21(6.4) 34 (6.0) 119 (5.3)
Previous vaccination 393 (56.1) 841 (85.5) 1234 (73.3) 137 (58.3) 291 (88.7) 428 (76.0) 1662 (74.0)
In the preceding season 349 (49.9) 496 (50.4) 845 (50.2) 122 (51.9) 172 (52.4) 294 (52.2) 1139 (50.7)
Allocated to two doses 428 (61.1) 249 (25.3) 677 (40.2) 144 (61.3) 74 (22.6) 218 (38.7) 895 (39.8)
Weight, kg, mean (SD) 12.21 (2.69) 17.60 (3.65) 15.36 (4.22) 12.48 (3.42) 17.49 (3.27) 15.40 (4.15) 1537 (4.21)
Prevaccination axillary 97.19 (0.907) 97.15 (0.956) 97.17 {0.936) 97.29 (0.940) 97.22 (0.932) 97.25 (0.935) 97.19 (0.936)
temperature, mean (5D) °F
Mean °C" 36.2 36.2 36.2 36.3 36.2 36.3 36.2

Abbreviations: C-1IV4 = comparator quadrivalent inactivated influenza vaccine; S-11V4 = Seqirus quadrivalent inactivated influenza vaccine; SD = standard deviation.
* Included all participants who provided informed consent and who were randomized to treatment.
" Converted from Fahrenheit.

Table 2
Postvaccination HI antibody GMTs, SCRs, and analyses of noninferiority of S-11V4 relative to C-1IV4 for each strain 28 days after last vaccination {per-protocol population).

Virus strain Postvaccination GMT Adjusted SCR, % (95% CI)" SCR difference’ Met both predefined noninferiority criteria®
{adjusted) GMT (95% CI)
e |
S-lva C-1v4 Rark S-1v4 C-1V4
(n=1456°)  (n=484) (95% 1) (n = 1456) (n = 484)
A/HIN1 3535 281.0 0.79 79.1 68.8 -10.3 Yes
(n = 1455 (0.72,0.88)  (769,81.1) (645 ,729)  (-154, -5.1)
A/H3N2 393.0 500.5 1.27 823 849 26 Yes
(n = 1454 (1.15,1.42)  (80.2,842)  (81.4,880)  (-25 7.8)
{(n = 1455
B/Yamagata 23.7 26.5 1.12 389 41.9 3.1 Yes
(n=1455%) (1.01, 1.24) (364, 41.4) (37.5, 46.5) (-2.1,82)
B/Victoria 54.6 529 0.97 60.2 61.1 0.9 Yes
(n =1455%) (n=483%  (0.86,1.09)  (57.6,62.7)  (56.6,654)  (-4.2,6.1)
(n=483%)

Abbreviations: C-1IV4 = comparator quadrivalent inactivated influenza vaccine; Cl = confidence interval; GMT = geometric mean titer; HI = hemagglutination inhibition; S-
1IV4 = Seqirus quadrivalent inactivated influenza vaccine; SCR = seroconversion rate.

* Adjusted GMT Ratio = C-1IV4/S-11V4, Adjusted analysis model: Log-transformed Postvaccination HI Titer = Vaccine + Age Strata [6-35 months, 36-59 months] + Sex +
Vaccination History [y/n] + Log-transformed Prevaccination Hi Titer + Site + Number of Doses (one vs two) + Age * Strata Vaccine. (The Age Strata by Vaccine interaction term
was excluded from the model fit for the strains B/Yamagata and B/Victoria as the interaction result was non-significant [p > 0.05].) Least square means were back
transformed.

b SCR was defined as the percentage of participants with either a prevaccination HI titer < 1:10 and a postvaccination HI titer > 1:40 or a prevaccination HI titer > 1:10 and
a 4-fold increase in postvaccination HI titer.

© SCR difference = C-11V4 SCR percentage minus 5-11V4 SCR percentage.

9 Noninferiority criterion for the GMT ratio: upper bound of two-sided 95% Cl on the GMT ratio of C-11V4/S-1IV4. GMT should not exceed 1.5. Noninferiority criterion for the
SCR difference: upper bound of two-sided 95% Cl on the difference between SCR C-1IV4 minus 5-11V4 should not exceed 10%.

¢ Results from three participants were excluded from the primary analysis due to a lack of information (n = 1; unknown prevaccination history),

" missing A/H3N2 postvaccination titer (n=1),

& or missing B/Victoria prevaccination titer (n=1).
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loss-to-follow-up (n=113). No participants discontinued due to
AEs. Baseline characteristics were generally well matched between
vaccine groups and within age cohorts (Table 1).

6.2. Immunogenicity

S-1IV4 was noninferior to C-11V4 in participants 6-59 months of
age (Table 2). For all strains, the upper limit of the two-sided 95% CI
did not exceed the prespecified noninferiority margin of 1.5 for the
GMT ratios (adjusted analysis; Fig. 2A) or 10% for the difference in
SCR between vaccines (Fig. 2B). Both study vaccines elicited strong
immune responses against the respective vaccine strains in chil-
dren 6-59 months of age (Table 2). Postvaccination HI GMTs for
both vaccines were higher for A strains than B strains, and signifi-
cantly higher for S-1IV4 relative to C-1IV4 for the AfHIN1 strain. In
contrast, postvaccination HI GMTs were significantly higher for C-
11V4 relative to S-11V4 for the A/H3N2 and B/Yamagata strains. Post-
vaccination HI GMTs were similar between vaccines for the B/Victo-
ria strain. Postvaccination SCRs were similar between 5-11V4 and C-
[1IV4, and were higher for A strains than B strains for both vaccines.

Immune responses were similar across age cohorts and vaccine
groups (Table 3) and were higher for A strains than B strains. Post-
vaccination immune responses to B strains were higher in the older
age cohort than the younger age cohort for both vaccines.

A 1.75 -
1.50 o rrerrerennns
1.25 -
1.00 -

0.75:4

GMT ratio (95% CI)

0.50 -

0.25 +

7. Safety and tolerability
7.1. Overall safety events

Both vaccines were well tolerated. In the overall safety popula-
tion (n=2232), 65.2% of participants reported at least one AE
(combined solicited and unsolicited AEs), with most participants
experiencing AEs of mild (35.1%) or moderate (23.1%) intensity.

7.2. Solicited adverse events

In the solicited safety population (n=2163), solicited AEs
(combined local and systemic solicited AEs) were reported by
58.1% and 57.2% of participants in the S-1IV4 and C-1IV4 groups,
respectively.

Similar proportions of participants experienced solicited local
adverse reactions in the two vaccine groups (S-1IV4, 39.9%;
C-1Iv4, 38.2%). The most common solicited local adverse reaction
in both vaccine groups in the overall study population was
vaccination-site  pain  (S-1IV4, 24.9%; C-lIV4:  24.0%).
Vaccination-site pain was also the most common solicited local
adverse reaction in both vaccine groups in the two age cohorts
(along with redness in the 6-35 month cohort) (Table 4). Severe
local adverse reactions were more common in the C-1IV4 group

-+++++«+. Noninferiority threshold

A/H1N1 A/H3N2

10 4 -10.3
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SCR difference (95% Cl)
o

B/YAM
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.................. Noninferiority threshold
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Fig. 2. Noninferiority analysis of 5-11V4 versus C-1IV4 in participants 6-59 months of age ( per-protocol population for immunogenicity). Panel A: adjusted geometric mean
titer ratio. Panel B: difference in seroconversion rates. Abbreviations: C-11V4 = comparator quadrivalent inactivated vaccine; Cl = confidence interval; GMT = geometric mean
titer; 5-11V4 = Seqirus quadrivalent inactivated influenza vaccine; SCR = seroconversion rate; VIC = Victoria; YAM = Yamagata. Note: The error bars indicate the two-sided 95%
Cls. The dashed line represents the margin of noninferiority. Moninferiority criterion for the GMT ratio: upper bound of two-sided 95% CI on the ratio of C-11V4/5-11V4 for all
four vaccine strains should not exceed 1.5, Noninferiority criterion for the SCR difference: upper bound of two-sided 95% Cl on the difference between SCR C-11V4 minus S-11V4

for all four vaccine strains should not exceed 10%.
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Table 3
Immune responses against each vaccine strain overall and according to age cohorts (per-protocol population).”
Virus strain 6-35 Month Cohort 36-59 Month Cohort Overall
S-1IV4 (n=586) C-lIV4 (n=193) S-1IV4 (n=870) C-1IV4 (n=291) S-1IV4 {n=1456) C-1IV4 (n = 484)
A/HIN1
GMT (95% CI) 184.9 (165.15, 207.05) 168.3 (137.69, 205.62)  590.2 (548.62, 634.93) 469.2 (413.72, 532.05) 370.0 (345.13, 396.55) 311.7 (276.88, 350.90)
GMEI" (95% C1) 13.4 (11.98, 14.90) 11.3 (9.40, 13.49) 9.7 (8.90, 10.64) 6.8 (5.83, 7.99) 11.1 {1031, 11.85) 8.3 (7.39, 9.40)

Percentage of participants with an
HI titer = 1:40, % (95% CI)
Seroconversion®, % (95% CI)

A[H3N2

GMT (95% Cl)

GMEFI” (95% CI)

Percentage of participants with an
HI titer >1:40, % {95% CI)

Seroconversion®, % (95% CI)

B/Yamagata

GMT (95% Cl}

GMFI” (95% CI)

Percentage of participants with an
HI titer =1:40, % (95% CI)

Seroconversion®, % (95% CI)

B/Victoria

GMT (95% CI)

GMEFI" (95% CI)

Percentage of participants with an
HI titer >1:40, % (95% CI)

Seroconversion’, & (95% CI)

90.1 (87.4, 92.4)

81.9(78.6, 84.9)

184.9 (164.57, 207.65) (n = 585)
13.0 (11.62, 14.50)
92.5 (90.0, 94.5) (n = 585)

82.4(79.1, 85.4) (n = 585)

15.6 (14.33, 17.00)
2.6 (2.45, 2.86)
24.7 (213, 28.4)

22.5(19.2, 26.1)

39.8 (36.02, 44.04)
56 (5.11, 6.09)
55.6 (51.5, 59.7)

52.9(48.8, 57.0)

88.6 (83.3,92.7)

80.3 (74.0, 85.7)

247.5 (202.14, 302.95)
15.1 (12.60, 18.08)
95.3 (91.3, 97.8)

85.0 (79.1, 89.7)

16.3 (14.03, 18.95)
2.8 (2.45,3.19)
29.0 (227, 36.0)

26.9 (20.8, 33.8)

31.9 (26.88, 37.81)
46 (3.97,5.42)
52.8 (45.6, 60.1)

49.7 (42.5, 57.0)

99.1 (98.2, 99.6)

77.1(74.2,79.9)

778.6 (710.83, 852.82)
12.5(11.42, 13.62)
98.4 (97.3,99.1)

82.2(79.5,84.7)

35.4 (32.73, 38.26)
45 (4.17,4.77)
57.1(53.8, 60.4)

49.9 (46.5, 53.3)

72.1 (65.62, 79.25)
7.5 (6.93, 8.15)
71.0 (67.9, 74.0)

65.1 (61.8, 68.2)

98.3 (96.0, 99.4)

61.2 (55.3, 66.8)

1047 (911.69, 1202.48)
16.0 (13.62, 18.74)
98.6 (96.5, 99.6)

84.9 (80.2, $8.8)

44.1 (3830, 50.87)
5.3 (4.67, 6.00)
61.5 (557, 67.1)

51.9 (46.0, 57.8)

85.9 (73.16, 100.96)
8.2 (7.18, 9.42) (n = 290)
75.3 (69.9, 80.1)

68.6 (62.9, 73.9) (n = 290)

95.5 (943, 96.5)

79.1 (76.9, 81.1)

436.8 (403.04, 473.28) (n = 1455)
12.7 (11.83, 13.58) (n = 1455)
96.0 (94.8, 97.0) (n = 1455)

82,3 (80.2, 84.2) (n = 1455)

25.5 (23.93, 27.06)
3.6 (3.43,3.81)
44.1 (415, 46.7)

38.9 (36.4, 41.4)

56.8 (52.90, 60.96)
6.7 (6.27, 7.08)
64.8 (62.3, 67.2)

60.2 (57.6, 62.7)

94.4 (92.0, 96.3)

68.8 (64.5, 72.9)

589.1 (51642, 671.91)
15.6 (13.86, 17.60)
97.3 (95.5, 98.6)

84.9 (81.4, 88.0)

29.7 (2651, 33.21)
4.1 (3.73, 4.52)
48.6 (44.0, 53.1)

41.9 (37.5, 46.5)

57.9 (51.04, 65.62)
6.5 (5.89, 7.27) (n = 483)
66.3 (61.9, 70.5)

61.1 (56.6, 65.4) (n = 483)

ISE-EFE (G10Z) L€ AUIVA /D 12 13)IDIS WA

Abbreviations: C-11V4 = comparator inactivated influenza vaccine; Cl = confidence interval; GMFI = geometric mean fold increase; Hl = hemagglutination inhibition; S-1IV4 = Seqirus quadrivalent inactivated influenza vaccine.

* Defined as all participants who received one dose of the study vaccine and had prevaccination and postvaccination titers available. These participants did not have any protocol deviations that were medically assessed as
potentially impacting on immunogenicity results (n=1940).

" GMFI was defined as the geometric mean of the fold increase of postvaccination HI antibody titer over the prevaccination HI antibody titer.

¢ Seroconversion rates were defined as percentage of participants with either a prevaccination HI titer <1:10 and a postvaccination HI titer =1:40 or a prevaccination titer >1:10 and a >4-fold increase in postvaccination titer.
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Table 4

Adverse events (all grades) experienced after vaccination according to age cohorts (solicited safety population).

6-35 Month cohort

S-11V4 (n = 669)

C-1IV4 (n=227) Relative risk (95% ClI)°

Mild Moderate Severe All grades Mild Moderate Severe All grades
Solicited Local Adverse Reactions” After Any Vaccination, %'
Any 237 8.4 0.7 329 235 8.0 27 34.4 0.96 (0.78, 1.18)
Pain 15.2 5.4 0.1 208 19.8 5.3 0.4 25.6 0.81 (0.62, 1.06)
Swelling 4.5 12 0.4 6.1 4.4 0.9 0.9 6.2 0.99 (0.55, 1.79)
Redness 16.6 34 0.6 20.8 13.7 1.8 1.8 17.6 1.18 (0.86, 1.62)
Solicited Systemic AEs’ After Any Vaccination, %'
Any 283 17.5 3.1 489 326 132 4.0 49.8 0.98 (0.84, 1.14)
Irritability 19.0 13.2 0.7 329 16.7 11.0 0.4 28.2 1.17 (0.92, 1.47)
Loss of appetite 15.8 3.9 0.3 20.0 16.3 2.6 0.4 19.4 1.03 (0.76, 1.40)
Nausea and/or vomiting 4.6 4.0 0.7 9.4 9.3 1.8 0 11.0 0.86 (0.55, 1.33)
Diarrhea 19.4 4.6 0.1 24.2 22.5 26 0.4 256 0.95 (0.73, 1.23)
Fever ER 1.5 25 7.2 6.6 2.6 26 119 0.60 (0.39, 0.94)
36-59 Month Cohort

S-11V4 (n = 949) C-1IV4 (n = 318) Relative Risk (95% CI)*

Mild Moderate Severe All grades Mild Moderate Severe All grades
Solicited Local Adverse Reactions” After Any Vaccination, %"
Any 35.0 7.0 2.7 4438 26.2 8.8 5.7 409 1.10 (0.94, 1.27)
Pain 31.7 38 1] 355 27.0 3.8 0.6 314 1.13 (0,94, 1.36)
Swelling 5.8 26 1.7 101 4.4 5.7 25 129 0.78 (0.56, 1.11)
Redness 16.5 35 23 224 10.7 4.7 5.3 20.8 1.08 (0.85, 1.38)
Solicited Systemic AEs’ After Any Vaccination, %°
Any 21.8 8.4 2.0 322 248 5.7 1.6 32.1 1.01 (0.84, 1.21)
Headache 4.4 1.4 0.4 6.2 4.7 03 0 5.0 1.24 (0.72,2.12)
Myalgia 7.9 19 0.1 9.9 82 1.3 0 9.4 1.05 (0.71, 1.55)
Malaise and fatigue 8.3 5.5 0.5 14.3 8.5 4.4 0.3 13.2 1.09 (0.79, 1.50)
Nausea and/or vomiting 53 35 0.4 9.2 4.1 2.2 0.3 6.6 1.39 (0.88, 2.20)
Diarrhea 10.3 1.7 0.1 121 7.5 0.6 0.6 8.8 1.38 (0.93, 2.04)
Fever 26 1.1 1.2 4.8 3.8 1.3 0.9 6.0 0.81 (0.48, 1.36)

Abbreviations: AE = adverse event; C-1IV4 = comparator quadrivalent inactivated influenza vaccine; Cl=confidence interval; S-1IV4 = Seqirus quadrivalent inactivated
influenza vaccine.

* Relative risk for S-1IV4 compared to C-11V¥4 = proportion of participants with a given symptom in the [IV4 group/proportion of participants with a given symptom in the
C-11V4 group. If the value 1 is not in the range of the Cl, it can be concluded that the proportions are significantly different between the two groups, and that there is an
increased risk in one group compared to the other.

" Solicited local adverse reactions: pain at the vaccination site was graded as none (Grade 0), mild (Grade 1; does not interfere with daily activities), moderate (Grade 2;
interferes with daily activities), and severe (Grade 3; prevents daily activity). Swelling and redness was graded by size as absent (Grade 0), mild (Grade 1; <10 mm), moderate
(Grade 2; =10 mm to <30 mm), and severe (Grade 3; =30 mm).

© Proportion of subjects based on the number of participants in the respective group.

4 Solicited systemic adverse events: nausea, vomiting, diarrhea, headache, malaise and fatigue, and myalgia were graded as none (Grade 0), mild (Grade 1; does not
interfere with daily activities), moderate (Grade 2; interferes with daily activities), and severe (Grade 3; prevents daily activities). Fever (axillary) was graded as absent (Grade
0: <995 °F [<37.5 °C]), mild (Grade 1; =99.5 °F to <100.4 °F [ =37.5 to <38.0 °C]), moderate (Grade 2; =100.4 °F to 101.3 °F [>38.0 to <38.5 °C]), and severe (Grade 3; =101.3 °F

[238.5 “C]).

than the S-1IV4 group in the 6-35 month cohort (S-1IV4, 0.7%;
C-11V4, 2.7%) and the 36-59 month cohort (S-1IV4, 2.7%; C-lIV4,
5.7%).

Similar proportions of participants experienced solicited sys-
temic AEs in the two vaccine groups (S-11V4, 39.1%; C-1IV4,
39.4%). Irritability was the most common solicited systemic AE in
both vaccine groups in the overall study population (S-1IV4,
32.9%; C-11V4, 28.2%), as well as in the 6-35 month cohort. Malaise
and fatigue was the most common solicited systemic AE in the 36-
59 month cohort (Table 4). The rate of severe systemic AEs was
similar in the two vaccine groups in the 6-35 month cohort (S-
1IV4, 3.1%; C-1IV4, 4.0%) and in the 36-59 month cohort (S-11V4,
2.0%; C-11v4, 1.6%).

For both S-11V4 and C-1IV4, systemic AEs were more common
than local adverse reactions in the 6-35 month cohort, whereas
local adverse reactions were more common than systemic AEs in
the 36-59 month cohort (Table 4).

7.3. Fever

Fever of any grade was less likely to occur with S-1IV4 (5.8%)
than with C-I1IV4 (8.4%) in the overall study population (relative

risk: 0.69; 95% Cl; 0.49, 0.97). Fever of any grade was also less
likely to occur with S-1IV4 than C-1IV4 in the 6-35 month cohort;
the rates of fever of any grade were similar between the two vac-
cines in the 36-59 month cohort (Table 4).

The rates of severe fever were similar between the 5-1IV4 and C-
1IV4 groups (1.7% in each group) in the overall study population.
The rates of severe fever were also similar between S-1IV4 and C-
IIV4 in the two age cohorts (Table 4).

No febrile convulsions were observed with either vaccine
within 7 days following vaccination (considered the risk window
for febrile convulsions related to influenza vaccine). Two febrile
convulsions occurred in the 6-35 month cohort in the S-11V4 group
>7 days after the vaccination (Days 43 and 104); both were
assessed as unrelated to the study vaccine.

7.4. Unsolicited adverse events

Unsolicited AEs were reported by 32.0% and 30.6% of partici-
pants in the S-1IV4 and C-1IV4 groups, respectively. The most com-
mon unsolicited AEs (=1% overall) reported were cough (S-11V4,
8.8%; C-1IV4, 7.2%) and rhinorrhea (S-11V4, 7.5%; C-11V4, 9.3%).
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7.5. Serious adverse events

Overall, 15 SAEs were reported in 14 participants; all were
assessed as unrelated to the study vaccine. The nature of the SAEs
reported was consistent with illnesses (such as respiratory tract
infections) and injuries commonly occurring in this age group.

8. Discussion

In this study of children 6-59 months of age, similar immune
responses were demonstrated for S-1IV4 and C-1IV4 for all four
strains, as assessed by GMTs, SCRs, percentage of participants with
an HI titer > 40, and GMFIs. The FDA CBER criteria for noninferior-
ity of immunogenicity were met for all eight co-primary immuno-
genicity endpoints for all four strains. S-11V4 was well tolerated and
had a similar safety profile to C-1IV4, except for any grade fever,
which occurred less frequently with S-1IV4. These findings are con-
sistent with results of the other S-1IV4 phase 3 studies in adults [6]
and children aged 5-17 years [7].

The rates of any grade and severe fever observed with S-1IV4
were similar to or lower than those observed with C-1IV4 in the 6-
35 month and 36-59 month cohorts. In the phase 3 study con-
ducted in children aged 5-17 years, the rates of any grade and sev-
ere fever observed with S-1IV4 were numerically higher than, but
not statistically different from, those observed with a different com-
parator 1IV4 | 7]. Taken together, these results indicate that the mod-
ified manufacturing process for S-1IV4 attenuated the febrile
reactogenicity in young children that was associated with the S-
IIV3 used in the 2010 influenza season in the Southern Hemisphere.

Strengths of the study include its prospective, randomized, mul-
ticenter design and robust recruitment; the sample size within each
group was sufficient to allow for meaningful comparisons of fever,
and participants without prior vaccination exposure were well rep-
resented. This study has some limitations. First, approximately 14%
of participants were excluded from the per-protocol population.
However, this rate of per-protocol population exclusion is not unex-
pected given the age of the population and is consistent with rates
observed in similar studies [12-14]. Second, immunogenicity is a
surrogate marker of protection and may not represent the true clin-
ical efficacy of the vaccine (a limitation of other similar studies).
Thirdly, participants with moderate or severe acute illnesses were
excluded from the study; therefore, extrapolation of study results
to the real-world situation, where moderately ill persons might
be vaccinated, should be made with caution.

In conclusion, S-11V4 demonstrated noninferior immunogenicity
and a similar safety profile relative to a US-licensed comparator
V4 in children 6-59 months of age. The favorable immunogenic-
ity and safety profiles of 5-11V4 observed in this study support its
potential for use in this population.
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