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Background. Influenza attack rates are high in 6- to 35-month-old children; vaccines containing both lineages of
influenza B (Yamagata and Victoria), in addition to the H3N2 and H1N1 antigens, may improve protection rates.
Methods. Inarandomized double-blind controlled trial, the immunogenicity and reactogenicity of an inactivated
quadrivalent influenza vaccine (QIV) and a trivalent control vaccine (TIV) were assessed.

Results. Six hundred one children (QIV, n=299; TIV, n = 302) were enrolled at 8 sites in 3 countries. The
primary immunogenicity objective was met: the lower limit (LL) of the 2-sided 95% confidence interval (CI) for
the seroconversion rate in QIV recipients ranged from 66.6% to 81.3%, which was >40% against all 4 strains.
The immunogenic superiority of the additional B/Victoria strain in the QIV compared to that in the TIV was
confirmed: the LL of the 2-sided 95% CI of the geometric mean titer ratio (QIV/TIV) (6.28 [95% CI, 5.32-7.41])
was greater than 1.5, and the LL of the 2-sided 95% CI for the difference in the seroconversion rate (QIV — TIV)
(64.19% [95% CI, 57.65%-69.95%]) was greater than 10%. Injection-site pain and irritability/fussiness were the
most commonly reported solicited injection-site and general adverse events, respectively, from days 0 to 6 and were

similar in frequency between the groups.

Conclusions. In children aged 6 to 35 months, a QIV has superior immunogenicity for the added B strain and
acceptable immunogenicity for shared strains, with no notable difference in reactogenicity and safety when

compared to a TIV.
Key words.

Annual influenza attack rates are highest in young children,
and their rates of complicated influenza that require medi-
cal care and hospitalization parallel those in persons older
than 65 years [1]. In the United States from 1993 to 2008,
the estimated rates of influenza-associated hospitalizations
were 91.5 per 100 000 for children in the first 12 months of
life and 21.9 per 100 000 for children 1 to 4 years of age

children; immunogenicity; influenza vaccine.

[1]. Influenza is also associated with outpatient and emer-
gency department visits, diagnoses of otitis media, and pre-
scriptions for antibiotics.

Although influenza vaccines are accepted worldwide as
the most effective method for preventing influenza [2],
there is a paucity of data on the efficacy of inactivated
influenza vaccines in young children, especially those
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younger than 2 years. Indeed, recent systematic reviews of
methodologically rigorous studies or randomized con-
trolled trials [3-7] found few data demonstrating the immu-
nogenicity or efficacy of the influenza vaccine in preventing
laboratory-confirmed influenza in young children. More
research on the influenza vaccine in this age group is
needed [4].

The emergence of 2 lineages of influenza B virus since
the 1980s, with a subsequent mismatch of circulating
and vaccine strains, led to the development of quadriva-
lent influenza vaccines (QIVs) containing both the
Yamagata and the Victoria lineages. QIVs, both live at-
tenuated and inactivated, were approved in the United
States beginning in the 2013-2014 season. QIVs contain-
ing both B virus lineages are estimated to reduce the
numbers of illnesses, hospitalizations, and deaths caused
by influenza [5]. Studies of the immunogenicity [6-8]
and effectiveness [9] of various QIVs in children from
6 months to 17 years of age have met regulatory immuno-
genicity criteria for seasonal influenza vaccines; 1 of the
approved QIVs showed 73% efficacy in preventing
moderate-to-severe influenza in children aged 3 to
8 years [9].

In an open-label study in 6- to 35-month-olds conducted
in the 2010-2011 season, a QIV was immunogenic and
had a safety profile consistent with that of other inactivated
influenza vaccines, and in a concurrent randomized con-
trolled study in 3- to 17-year-olds, no interference with
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immune responses to the QIV occurred compared to a tri-
valent influenza vaccine (TIV) containing a B Victoria com-
ponent [6].

In this Phase 3 randomized controlled study of children 6
through 35 months of age conducted in the 2012-2013
season, we assessed the immunogenicity, reactogenicity,
and safety of a QIV containing influenza B strains from
both lineages versus those of a TIV containing the same
H1NT1 and H3N2 and a B Yamagata component. In the
2012-2013 season, the recommended B Yamagata antigen
had changed (to B/Hubei-Wujiagang/158/09) from that of
the 2010-2011 season, providing an opportunity to assess
the safety, reactogenicity, and immune responses to a vac-
cine containing influenza antigens from another combina-
tion of influenza strains.

METHODS

This study was a randomized (1:1) controlled double-blind
comparison of QIV and TIV in 6- to 35-month-old chil-
dren to determine safety and immunogenicity (Figure 1).
The study was initiated on November 1, 2012, and the
day 180 visit concluded on June 19, 2013.

The study (registered under ClinicalTrials.gov identifier
NCT01711736) was undertaken in compliance with Good
Clinical Practice guidelines, the Declaration of Helsinki,
and national regulatory requirements and was approved
by a local, regional, or national institutional review
board at each study site.
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Figure 1. Participant flow. Abbreviations: QIV, quadrivalent influenza vaccine; TIV-YB, trivalent influenza vaccine containing Yamagata lineage of the B strain.
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Participants

Eligible children were in stable health and between 6 and
35 months of age at the time of the first vaccination.
Children were excluded if they were febrile (temperature,
>38.0°C) or acutely ill at the time of enrollment, known
to be immunocompromised, known to be allergic to any
of the vaccine components, had a history of Guillain-
Barré syndrome within 6 weeks of receipt of a previous
influenza vaccine, had a coagulation disorder, had received
influenza vaccine in the previous 6 months, had received
immunoglobulins or blood products within 3 months, or
had received an investigational product within 30 days
before the first study vaccine. A parent/guardian provided
written informed consent for each participant. The study
was conducted at 8 sites in 3 countries (Canada,
Dominican Republic, and Honduras).

Vaccines

All vaccines were provided in a single-dose thimerosal-
free formulation and administered by the intramuscular
route. The QIV contained 15 pg of hemagglutinin (HA)
from 4 strains recommended for the 2012-2013 season
[10]: A/California/7/2009(H1N1)pdm09, A/Victoria/361/
2011(H3N2), B/Brisbane/60/2008 (Victoria lineage), and
B/Hubei-Wujiagang/158/2009 (Yamagata lineage). The
TIV contained the same HIN1, H3N2, and B Yamagata
components but no B Victoria lineage component.

The vaccines were manufactured by GlaxoSmithKline
Vaccines and provided in prefilled 0.5-mL syringes. The
QIV was produced in Sainte-Foy, Quebec, Canada, accord-
ing to the process used to manufacture FluLaval™, and
the licensed TIV was produced in Dresden, Germany,
according to the process used to manufacture Fluarix™.
The vaccines, which were both opalescent off-white
to grayish suspensions, were labeled with the treatment
number but no identifying information.

Study Procedures

After the consent process, the study staff determined treat-
ment allocation using an internet-based central randomiza-
tion system. The randomization sequence was generated by
using MATEX, a software program developed for use in
SAS (SAS Institute, Cary, NC) that uses a minimization al-
gorithm to balance treatment allocation between age
groups (6—17 months and 18-35 months), between pre-
study influenza vaccine priming statuses (primed vs
unprimed), and among study centers.

Before the first vaccination, a brief history-directed phys-
ical examination was performed, and blood was drawn.
Children who had previously received >2 doses of an influ-
enza vaccine at least 1 month apart or who had received at
least 1 dose before the previous season were considered

vaccine primed. Vaccine-primed children received one
0.5-mL dose of study vaccine on day 0 and had blood col-
lected on day 28 (visit 2). Vaccine-unprimed participants
received a second 0.5-mL dose of vaccine on day 28 and
had blood collected on day 56. Receipt of previous influen-
za vaccines was determined by parental/guardian history.
Vaccines were administered intramuscularly in the antero-
lateral region of the left thigh (for children aged 6-11
months) or the deltoid region of the nondominant arm
(for those aged >12 months) using a 25-mm (1-inch)
22- to 25-gauge needle, as determined by the vaccinator
on the basis of participant age and muscle mass. The chil-
dren were observed at the study site for 30 minutes after ad-
ministration of the study vaccine. Routine childhood
vaccines were permitted to be given concurrently.

Parents/guardians were instructed on the use of a diary
card for recording any solicited injection-site or general ad-
verse events (AEs) for 7 days and any unsolicited AEs for
28 days and to bring this diary with them at the next
study visit. Parents were instructed to contact the investiga-
tor immediately if the child displayed any symptoms they
perceived as serious. Antipyretics taken between 6 hours
before and 12 hours after vaccination were recorded. On
day 180, parents/guardians were asked if changes in the
child’s health had occurred since the last vaccination to
identify unsolicited AEs.

Participant flow is seen in Figure 1.

Outcomes

Immunogenicity. Antibody titers against the vaccine strains
were measured in serum samples by hemagglutination-
inhibition (HI) assays performed at the GlaxoSmithKline
Vaccines laboratory in Dresden, Germany, using
standardized procedures [11].

The primary objective was to assess the immunogenicity
of the QIV 28 days after the completion of dosing (day 28
for vaccine-primed children and day 56 for vaccine-
unprimed children) on the basis of the Center for
Biologics Evaluation and Research’s (CBER’s) seroconver-
sion rate (SCR) criterion (lower limit [LL] of the 95%
confidence interval [CI] for each of the 4 strains) [12].

A secondary objective was to determine the immunogen-
ic superiority of the B/Victoria strain in the QIV, compared
to that in the TIV, 28 days after the final vaccination in
terms of the geometric mean titer (GMT) ratio (QIV/TIV)
(success criterion, LL of the 95% CI, >1.5), adjusted by the
baseline antibody titer (analysis of covariance model) and
the SCR difference (QIV — TIV) (success criterion, LL of the
95% CI, >10%). Immunogenicity was also described for
each group, age stratum, and priming status, with 95%

CIs for the following parameters: the GMT of HI and



seroprotection rate (SPR) on day 0 and 28 days after the
final vaccination and the SCR and mean geometric increase
(MGI) 28 days after the final vaccination with 95% Cls.
Reactogenicity. The frequencies of solicited injection-site
AEs (pain, redness, and swelling) and solicited general
AEs (drowsiness, fever, irritability/fussiness, loss of
appetite) were described (primary safety objective). Fever
was defined as a temperature of >38.0°C as measured by
any method. Intensity scales were used for the description
of each symptom (Supplementary Table 1). The relative
risk of fever in the 4 days after vaccination (QIV group/
TIV group) was explored.

Unsolicited AEs were recorded for 28 days after each
dose. Safety was assessed further by consideration of seri-
ous AEs (SAEs), medically attended AEs (MAEs), and po-
tentially immune-mediated diseases (pIMDs) during the
entire study period (up to day 180). MAEs were defined
as events for which a child was hospitalized, visited the
emergency department, or had a visit with a physician
for any complaint.

All injection-site reactions were considered vaccine-
related events. The causality of all other AEs was assessed
by the investigators. All AEs were classified according
to the Medical Dictionary for Regulatory Activities
(MedRA).

Statistical Analysis

We planned for a sample size of 255 evaluable participants
in each group to obtain an overall power of 99.99% to
demonstrate the primary objective of meeting the CBER
SCR criterion simultaneously for all 4 strains. A target of
600 children (300 per group) was set to account for an at-
trition rate of 15%.

The according-to-protocol (ATP) cohort for analysis of
immunogenicity was defined as children who did not
meet elimination or exclusion criteria during the study,
those for whom we had assay results for at least 1 study
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vaccine antigen after vaccination, and those who complied
with the time requirements of the study.

Reactogenicity and safety were assessed in the total vac-
cinated cohort (TVC), which included vaccinated partici-
pants for whom data were available. AEs, SAEs, pIMDs,
and MAEs were analyzed descriptively by tabulating the
percentage of subjects with at least 1 AE in each category
and any AE after each vaccine dose and overall, with a

95% CI.

RESULTS

Participants
Six hundred one children (QIV, n =299; TIV, n = 302) were
enrolled and randomly assigned (Figure 1). The ATP co-
hort for immunogenicity consisted of 571 children
(95%). The mean ages of the participants at the first vacci-
nation visit were 18.2 months (standard deviation [SD],
8.17 months) in the TVC and 18.1 months (SD, 8.34
months) in the QIV and TIV groups (Table 1). Overall,
53% (317 of 601) of the children were 6 to 17 months of
age, and 47% (284 of 601) were 18 to 35 months of age.
Girls comprised 50.1% of the participants (301 of 601).
Of 601 children, only 39 (6.5%) had previously received
an influenza vaccine in any previous season (QIV, n = 16;
TIV,n =23);thus, 573 (95%) of the 601 children were con-
sidered vaccine unprimed.

Immunogenicity
The primary immunogenicity objective was met: the LL of
the 2-sided 95% CI for the SCR in QIV recipients ranged
from 66.6% to 81.3%, which was>40% against all
4 strains, and the SCR point estimates for each of the
4 strains ranged from 72.2% to 85.9% (Figure 2 and
Table 2) .

The immunogenic superiority of the B/Victoria strain
present in the QIV (in terms of GMT and SCR) over that
in the TIV was concluded, because the LL of the 2-sided

Table 1. Demographic Characteristics at Enrolment: Total Vaccinated Cohort

Characteristic QIV (n=299) TIV (n=302) Total (n=601)
Mean age in months (SD; median; range) 18.2 (8. 17 17.0; 6-35) 18.1 (8.34; 16.5; 6-35) 18.1 (8.25; 17.0; 6-35)
Male, n (%) 144 (48.2 156 (51.7) 300 (49.9)
Female, n (%) 155 (51. 8) 146 (48.3) 301 (50.1)
Hispanic/Latino ethnicity 231 (77.3) 233 (77.2) 464 (77.2)
Not Hispanic/Latino ethnicity 8 (22.7) 69 (22.8) 137 (22.8)
Heritage/race

European heritage/Caucasian 47 (15.7) 52 (17.2) 99 (16.5)

Asian 16 (5.4) 16 (5.3) 32 (5.3)

African heritage/African American 4 (1.3) 2 (0.7) 6 (1.0)

American Indian or Native Alaskan 0 0 0

Pacific Islander/Native Hawaiian 0 0 0

Other 232 (77.6) 232 (76.8) 464 (77.2)
Median BMI (kg/m?), SD 17.0 (1.94) 17.1 (2.42) 17.0 (2.2)

QIV, quadrivalent influenza vaccine; SD, standard deviation; TIV, trivalent influenza vaccine; BMI, body mass index, weight/ height.
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Figure 2. SCRs for HI antibodies 28 days after the last vaccine dose (28 days after dose 1 [day 28] for primed subjects; 28 days after dose 2 [day 56] for unprimed
subjects) in the ATP cohort for immunogenicity. The SCR was defined as an antibody titer of >40 1/DIL after vaccination for initially seronegative subjects and an
antibody titer after vaccination of >4-fold the prevaccination antibody titer for initially seropositive subjects. % indicates the percentage of seroconverted subjects;
error bars indicate 95% CIs. Abbreviations: Q-QIV, quadrivalent influenza vaccine; Q, manufactured in Quebec; TIV-YB, trivalent influenza vaccine containing

Yamagata lineage of B strain; D, manufactured in Dresden.

95% CI of the adjusted GMT ratio (QIV/TIV) (6.28 [95%
Cl, 5.32-7.41]) was greater than 1.5, and the LL of the
2-sided 95% CI for the difference in SCRs (QIV - TIV,
64.19% [95% CI, 57.65%-69.95%]) was greater than
10% (Figure 3). The adjusted GMT ratio (adjusted for HI
antibody titers at baseline) was 6.28 (95% CI, 5.32-7.41).
The GMTs, SCRs, SPRs, and MGIs for the QIV and TIV
recipients before and after vaccination (day 28 after the last
dose) and according to age stratum (6—17 months or
18-35 months of age) are shown in Table 2. Immune re-
sponses were lower in the younger age stratum (6-17
months) than in the 18- to 35-month-olds. The SPR
point estimates for the 3 antigens contained in both vac-
cines ranged from 76.2% to 82.8% for the 6- to
17-month-old QIV recipients and from 87.2% to 97.0%
for the 18- to 35-month-old QIV recipients. In contrast,
SPRs in the TIV recipients ranged from 39.6% to 71.8%
and 79.7% to 88.4% in the younger and older age strata,
respectively. SCRs for the 3 antigens contained in both
study vaccines ranged from 72.2% to 80.8% in the 6- to
17-month-old QIV recipients and- from 72.2% to 91.7%
in 18- to 35-month-old QIV recipients,. In TIV recipients,
the SCRs ranged from 38.3% to 68.5% and 70.3% to
87.0% in the younger and older age strata, respectively.

Reactogenicity

The frequencies of injection-site and general solicited AEs
overall during the 7 days after vaccination are shown in
Figures 4 and 5. Injection-site pain was the most frequently
reported solicited injection-site AE (QIV, 32.6%; TIV,
30.6%), with grade 3 pain in 2.4% and 1.0% of partici-
pants, respectively. Irritability/fussiness was the most fre-
quently reported solicited general AE (40.7% and 41.6%
of subjects in the QIV and TIV groups, respectively).
Grade 3 irritability/fussiness was reported in 5.2% and
4.7% of the QIV and TIV recipients, respectively.

A temperature of >38°C in the 7-day postvaccine period
was reported for 14.5% (95% CI, 10.7%-19.1%) (QIV)
and 14.5% (95% CI, 10.7%-19.1%) (TIV) of the recipi-
ents after the first dose and in 10.3% (95% CI, 7.0%-
14.5%) (QIV) and 9.1% (95% CIL, 5.9%-13.1%) (TIV)
of the children after the second dose. A temperature of
>39.0°C in the same time period was reported in 3.8%
(95% CI, 1.9%-6.7%) and 3.0% (95% CI, 1.4%-5.7%)
of the QIV and TIV recipients, respectively.

In an exploratory analysis, the relative risks (RRs)
(QIV/TIV) of a temperature of >38.5°C were 1.40
(95% CI, 0.66-2.94; P = .43) after the first vaccine dose
and 1.62 (95% CI, 0.76-3.46; P =.23) after the second



Table 2. Immunogenicity of QIV and TIV in Children Aged 6 to 35 months: ATP Immunogenicity Cohort

Vaccine Age (mo) Timing n GMT Value (95% CI) SCR* (% [95% CI]) SPR* (% [95% CI]) MGI Value (% [95% CI)
A/California/7/2009 (H1N1)
QIv 6-35 Pre 284 9.6 (8.1-11.3) 16.2 (12.1-21.0)
6-35 Post 284 157.1 (132.8-185.9) 85.9 (81.3-89.7) 89.4 (85.3-92.8) 16.4 (14.3-18.7)
6-17 Pre 151 7.0 (5.9-8.3) 7.3 (3.7-12.7)
6-17 Post 151 103.2 (82.2-129.5) 80.8 (73.6-86.7) 82.8 (75.8-88.4) 14.8 (12.1-18.1)
18-35 Pre 133 13.7 (10.3-18.3) 26.3 (19.1-34.7)
18-35 Post 133 253.2 (201.7-317.7) 91.7 (85.7-95.8) 97.0 (92.5-99.2) 18.4 (15.6-21.8)
TIV 6-35 Pre 287 9.8 (8.3-11.6) 16.4 (12.3-21.2)
6-35 Post 287 61.2 (49.2-76.2) 53.7 (47.7-59.5) 58.9 (53.0-64.6) 6.2 (5.3-7.3)
6-17 Pre 149 6.9 (5.8-8.2) 8.1 (4.2-13.6)
6-17 Post 149 28.6 (21.7-37.7) 38.3 (30.4-46.6) 39.6 (31.7-47.9) 4.1 (3.4-5.1)
17-35 Pre 138 14.4 (10.8-19.1) 25.4 (18.3-33.5)
17-35 Post 138 139.3 (104.1-186.4) 70.3 (61.9-77.8) 79.7 (72.0-86.1) 9.7 (7.8-12.0)
A/Victoria/361/2011 (H3N2)
Qv 6-35 Pre 284 17.4 (14.1-21.5) 32.7 (27.3-38.5)
6-35 Post 284 159.4 (129.4-196.3) 72.2 (66.6-77.3) 81.3 (76.3-85.7) 9.1 (8.0-10.5)
6-17 Pre 151 12.4 (9.5-16.1) 24.5(17.9-32.2)
6-17 Post 151 108.3 (81.0-144.8) 72.2 (64.3-79.2) 76.2 (68.6-82.7) 8.7 (7.3-10.5)
18-35 Pre 133 25.6 (18.4-35.7) 42.1 (33.6-51.0)
18-35 Post 133 247.1 (185.9-328.6) 72.2 (63.7-79.6) 87.2 (80.3-92.4) 9.6 (7.9-11.8)
TIV 6-35 Pre 287 13.8 (11.4-16.8) 25.8 (20.8-31.3)
6-35 Post 287 103 0 (83.7-126.7) 55.7 (49.8-61.6) 66.6 (60.8-72.0) 5 (6.4-8.7)
6-17 Pre 149 2 (7.3-11.6) 14.8 (9.5-21.5)
6-17 Post 149 53 5 (40.9-70.1) 42.3 (34.2-50.6) 50.3 (42.0-58.6) 5.8 (4.8-7.1)
18-35 Pre 138 21.4 (15.9-29.0) 37.7 (29.6-46.3)
18-35 Post 138 208.7 (158.4-274.9) 70.3 (61.9-77.8) 84.1 (76.9-89.7) 9.7 (7.7-12.2)
B/Brisbane/60/2008 (Victoria)
Qv 6-35 Pre 284 10 6(9.1-12.4) 19.7 (15.3-24.8)
6-35 Post 284 11.4 (91.9-135.2) 73.9 (68.4-79.0) 76.1 (70.7-80.9) 10.5 (9.2-11.9)
6-17 Pre 151 6.9 (6.0-7.9) 6.6 (3.2-11.8)
6-17 Post 151 66.6 (53.0-83.6) 66.9 (58.8-74.3) 68.2 (60.1-75.5) 9.7 (7.9-11.8)
18-35 Pre 133 17.4 (13.4-22.7) 34.6 (26.6—43.3)
18-35 Post 133 200.1 (149.2-268.3) 82.0 (74.4-88.1) 85.0 (77.7-90.6) 11.5 (9.8-13.4)
TIV 6-35 Pre 287 9.3 (8.0-10.7) 15.7 (11.7-20.4)
6-35 Post 287 15.6 (13.3-18.5) 9.8 (6.6-13.8) 25.8 (20.8-31.3) 1.7 (1.5-1.9)
6-17 Pre 149 5.6 (5.2-6.0) 1.3 (0.2-4.8)
6-17 Post 149 8.6 (7.4-9.9) 7.4 (3.7-12.8) 8.7 (4.7-14.5) 5(1.3-1.8)
18-35 Pre 138 16.1 (12.4-21.0) 31.2 (23.6-39.6)
18-35 Post 138 29.9 (22.8-39.2) 12.3 (7.3-19.0) 44.2 (35.8-52.9) 1.9 (1.6-2.2)
B/Hubei-Wujiagang/158/2009 (Yamagata)
Qv 6-35 Pre 284 7.7 (6.9-8.7) 9.2 (6.1-13.1)
6-35 Post 284 114.2 (100.0-130.5) 78.9 (73.7-83.5) 85.2 (80.5-89.1) 14.8 (12.8-17.1)
6-17 Pre 151 7.5 (6.4-8.8) 8.6 (4.7-14.3)
6-17 Post 151 93.3 (78.2-111.3) 74.2 (66.4-80.9) 81.5 (74.3-87.3) 12.5 (10.2-15.3)
18-35 Pre 133 8.0 (6.8-9.4) 9.8 (5.3-16.1)
18-35 Post 133 143.8 (118.2-174.8) 84.2 (76.9-90.0) 89.5 (83.0-94.1) 18.0 (14.6-22.1)
TIV 6-35 Pre 287 7.2 (6.5-8.0) 8.4 (5.4-12.2)
6-35 Post 287 107.2 (92.2-124.6) 77.4 (72.1-82.1) 79.8 (74.7-84.3) 14.8 (12.8-17.2)
6-17 Pre 149 6.9 (6.0-7.9) 6.7 (3.3-12.0)
6-17 Post 149 71.8 (59.0-87.5) 68.5 (60.3-75.8) 71.8 (63.9-78.9) 10.5 (8.6-12.7)
18-35 Pre 138 7.7 (6.5-9.0) 10.1 (5.7-16.4)
18-35 Post 138 165.3 (134.1-203.7) 87.0 (80.2-92.1) 88.4 (81.9-93.2) 21.5 (17.4-26.6)

Abbreviations: Pre, prevaccination; Post, postvaccination.

*Each of the four strains contained in the QIV met CBER licensure criteria for immunogenicity (LL of the 95% CI for SCR of at least 40% and a postvaccination SPR of at least 70%).
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Figure 3. Immunogenic superiority of QIV versus TIV-YB for the B Victoria strain in the ATP cohort for immunogenicity. Adjusted GMT indicates GMT adjusted for
baseline titer; SCRs, an antibody titer of >40 1/DIL after vaccination for initially seronegative subjects and an antibody titer after vaccination of >4-fold the prevacci-
nation antibody titer for initially seropositive subjects. Criteria for superiority were that the LL of the 2-sided 95% CI of the GMT ratio (Q-QIV /D-TIV-YB) was >1.5
and the LL of the 2-sided 95% CI on the SCR difference (Q-QIV — D-TIV-YB) was >10%. Error bars indicate 95% Cls.
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Figure 4. Incidence and nature of local injection-site adverse events on days 0 to 6 after each vaccine dose in the TVC. Grade 3 pain was defined as a child crying when his
or her limb was moved and/or spontaneously painful; grade 3, redness/swelling of >100 mm. Error bars indicate 95% ClIs.

vaccine dose. The RRs of a temperature of >39.0°C 2.54 (95% CI, 0.85-7.58; P=.11) after dose 2. The
(102.2°F, grade 3) during the 4-day follow-up period frequencies of fever were similar across the age strata
were 1.54 (95% CI, 0.47-5.03; P =.54) after dose 1 and (data not shown). An antipyretic agent was taken by



100

90

80

70

60

50

% of subjects with systemic symptoms

Drowsiness |Irritability/fuss.|Loss of appetite

@
=
=
I
(=]

Quadrivalent Influenza Vaccine in Children

mAll

®m Grade 3

D-TIV-YB

Drowsiness |Irritability/fuss. [Loss of appetite|
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31.8% of QIV recipients and 32.8% of TIV recipients
after the vaccine. Although the administration of routine
childhood vaccines was permitted, only 2 of 601 subjects
in the TVC received pneumococcal conjugate vaccine
concomitantly.

During the 28-day postvaccination period, at least 1 unso-
licited AE was reported for 47.5% and 54.6% of partici-
pants in the QIV and TIV groups, respectively.
Nasopharyngitis (26.1% and 29.8% of participants) and
diarrhea (12.7% and 12.6% of participants) were the only
2 unsolicited AEs reported for more than 5% of the children
in the QIV and TIV groups, respectively. At least 1 unsolic-
ited grade 3 AE was reported for 3.0% and 1.7% of partic-
ipants in the QIV and TIV groups, respectively.

During the 180-day follow-up period, 25 nonfatal SAEs
were reported for 17 participants (QIV, n=9 [3%]; TIV,
n=28[2.6%]). Only 1 SAE was considered by the investiga-
tors to be related to the study vaccine: a simple partial seiz-
ure associated with fever in an 18-month-old 6 hours after
the first dose of QIV. The child recovered without sequelae,
and the second dose of vaccine was given with no fever re-
ported. All SAEs were resolved by the end of the study. At
least 1 MAE was reported for 52.2% (n=156) and 51.7%
(n=156) of the QIV and TIV recipients, respectively. The

most common MAEs were the unsolicited AFs:

nasopharyngitis, diarrhea, and pharyngitis. Two pIMDs
were reported in the TIV group (MedRA codes “alopecia
areata” and “colitis ulcerative”), and they resolved by
day 180. No pIMDs were reported in the QIV group. No
AEs led to participant discontinuation.

DISCUSSION

In this randomized double-blind controlled trial of 6- to
35-month-old children, the QIV met regulatory criteria
for immunogenicity and was superior to the TIV for the
B/Victoria strain present in the QIV. QIVs are expected
to improve protection against influenza B when 2 B lineag-
es are cocirculating or there is mismatch between the B lin-
eage in the TIV and the circulating strain. Although
immunogenicity is an indirect measure of clinical protec-
tion against influenza-associated illness, it is notable that
in a recent phase 3 efficacy trial in 3- to 8-year-old children,
the efficacy of the QIV was confirmed. The vaccine effec-
tiveness rate in this older age group against reverse-
transcriptase polymerase chain reaction—confirmed
influenza was 55.4% (95% CI, 39.2%-67.3%) in the
TVC and against moderate-to severe-influenza was 73.1%
(95% CI, 47.1%-86.3%) [9]. An efficacy trial in children
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aged 6 to 35 months (ClinicalTrials.gov identifier
NCT01439360) is underway.

Attaining robust immune responses to influenza vaccine
in infants in the first years of life has been an ongoing chal-
lenge. In this study, immune responses in the younger age
stratum (6—17 months) were lower than those of the 18- to
35-month-olds, and the SPRs for H3N2 and the B virus
(Victoria lineage) did not meet CBER immunogenicity cri-
teria. We note that in a predominately vaccine-unprimed
population, such as in this study, SCRs may be a better
measure of vaccine response. Strategies for overcoming
the reduced immunogenicity of vaccine have included
using 2 doses in the first year a child is vaccinated, using
a 0.5-ml “adult dose” [13-15], and adjuvantation with
oil-in-water emulsions [16, 17] or virosomes [18].

The frequencies of both local and systemic AEs in the
week after immunization were comparable in the QIV
and TIV recipients, after dose 1 or 2, and across the age
strata. Adverse events were somewhat less common than
those observed in a previous open-label (unblinded) trial
of this QIV product in the same age group except for
fever, which was slightly higher [6]. Grade 3 events were
also similar across groups and uncommon. There are few
published data on the reactogenicity of inactivated nonad-
juvanted influenza vaccines in children younger than
3 years to which our results can be compared. Most system-
atic reviews of randomized controlled trials of influenza
vaccines in children have focused instead on immunogenic-
ity and/or effectiveness. Two narrative reviews found few
primary studies of inactivated split-virus vaccines that
documented AEs in young children [19, 20].

Fever is probably the most concerning AE after influenza
immunization in children under 5 years of age because of its
association with febrile seizures. In the 2010-2011 and 2011~
2012 seasons, the Centers for Disease Control and Prevention
noted an increase in febrile seizures in the 48 hours after TIV
receipt in 6- to 48-month-old children, at a frequency of less
than 1 in 1000 children vaccinated [10]. No increase was seen
in the subsequent season. In this study of 601 children from 6
to 35 months of age, an exploratory analysis of the RR of
fever in QIV recipients compared to TIV recipients during a
4-day follow-up period did not detect any significant findings,
but the CIs were wide. Similar to previous QIV study results,
no excess reactogenicity seems to occur with the higher dose
of influenza antigen (60 pg).

A limitation of this study is that it was conducted in chil-
dren in stable health, and the results may not be generaliz-
able to children in this age group with chronic conditions,
particularly immunodeficiency. Also, the study end points,
antibody responses, are surrogate outcomes for clini-
cal protection. Although efficacy studies of this QIV in

children aged 3 to 8 years have shown clinical protection
[9], clinical efficacy for this QIV was shown in 3- to
8-year-olds but not in 6- to 35-month-olds. Other limita-
tions are that most children in this study had not previously
received influenza vaccine; children in this age group with
previous influenza vaccine exposure (vaccine-primed) may
respond differently to a subsequent inactivated influenza
vaccine. Although routine childhood immunizations were
permitted in this study, the number of children who
concurrently received vaccines was insufficient to evalu-
ate immune responses and reactogenicity with concurrent
administration.

In summary, in this randomized controlled trial in
children aged 6 to 35 months, an inactivated QIV had an
immunogenicity that was superior to that of a TIV for the
added B strain and acceptable immunogenicity for the
shared strains, with no notable difference in reactogenicity
and safety compared to the TIV.

Acknowledgments

We are indebted to the participating study volunteers and their parents,
clinicians, nurses, and laboratory technicians at the study sites and to
the sponsor’s project staff for their support and contributions through-
out the study. In particular, we thank M. Dionne, A. Greenspoon,
P. Rheault, Y. Hernandez, and G. Tellier. We are grateful to all teams
at GlaxoSmithKline Vaccines for their contributions to this study, espe-
cially S. Van de Voorde (Emtex, on behalf of GlaxoSmithKline
Vaccines) and N. Hilgert for writing support of the clinical study report,
T. Ryckaert (Harrison, on behalf of GlaxoSmithKline Vaccines) for
clinical study management, C. Stalens from the clinical and serological
laboratory teams, O. Gascard (Keyrus Biopharma, on behalf of
GlaxoSmithKline Vaccines) for data management, P. Boutet for project
management, W. Jiang from the clinical safety team, S. Ravault from the
clinical regulatory affairs team, J. Herrera from the clinical research as-
sociate team, M. M. Castrejon-Alba from the clinical research and de-
velopment team, and S. Wu from the project statistician team. Finally,
we thank B. Dumont (Business and Decision Life Sciences, on behalf of
GlaxoSmithKline Vaccines) for editorial assistance and manuscript
coordination.

Financial support. This work was supported by GlaxoSmithKline
Biologicals SA. GlaxoSmithKline Biologicals SA was involved in all
stages of study conduct and analysis and bore the costs associated
with the development and publishing of the present manuscript. All
the authors had full access to the data, and the corresponding author
had final responsibility for submission of the publication. J.M.L. is
supported by a Canadian Institutes of Health-GlaxoSmithKline
Chair in Pediatric Vaccinology at Dalhousie University.

All authors participated in the implementation of the study, includ-
ing providing substantial contributions to conception and design,
gathering of the data, or analysis and interpretation of the data. The
corresponding author drafted the manuscript; all authors were in-
volved in revising the manuscript critically for important intellectual
content and in its final approval.

Potential conflicts of interest. V.K.J., V.C.,L.W., A.L.,P.L.,and B.L.L
are employees of the GlaxoSmithKline group of companies. V.K.]J., A.
L., L.W., P.L., and B.L.I. report ownership of stock options and/or re-
stricted shares. All the investigators or their institutions received pay-
ments from the GlaxoSmithKline group of companies for the conduct



of the study. J.M.L. reports payments and grants to her institution as
follows: payment from Astra Zeneca for an advisory board, grants
from Sanofi Pasteur, and grants from Pfizer, outside the submitted
work, and having served on independent committees that are advisory
to provincial and national immunization making. S.A.H. reports pay-
ments and grants to his institution as follows: grants from Sanofi
Pasteur, grants from Novartis, payments from Novartis, and payments
from the GlaxoSmithKline group of companies, outside the submitted
work. S.M. reports payments from the GlaxoSmithKline group of
companies, grants from Sanofi Pasteur, and grants from Pfizer
Canada, outside the submitted work. L.P.M., L.R., L.C., A.B., and
N.A. have nothing to disclose.

All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider rele-
vant to the content of the manuscript have been disclosed.
Trademarks. Fluarix™ and FluLaval™ are trademarks of the
GlaxoSmithKline group of companies.

Supplementary Data

Supplementary materials are available at the Journal of the
Pediatric Infectious Diseases Society online (http:/jpids.
oxfordjournals.org). Supplementary materials consist of
data provided by the author that are published to benefit
the reader. The posted materials are not copyedited. The
contents of all supplementary data are the sole responsibil-
ity of the authors. Questions or messages regarding errors
should be addressed to the author.

References

1. Grohskopf LA, Shay DK, Shimabukuro TT, et al. Prevention and
control of seasonal influenza with vaccines. MMWR Recomm
Rep 2013; 62:1-43.

2. World Health Organization. Influenza vaccines and reagents.
Available at: http:/www.who.int/influenza/vaccines/virus/en/.
Accessed 11 October 2013.

3. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and
effectiveness of influenza vaccines: a systematic review and meta-
analysis. Lancet Infect Dis 2012; 12:36-44.

4. Committee on Infectious Diseases. Recommendations for preven-
tion and control of influenza in children, 2013-2014. Pediatrics
2013; 132:e1089-104.

5. Reed C, Meltzer MI, Finelli L, Fiore A. Public health impact of
including two lineages of influenza B in a quadrivalent seasonal
influenza vaccine. Vaccine 2012; 30:1993-8.

6. Langley JM, Carmona Martinez A, Chatterjee A, et al.
Immunogenicity and safety of an inactivated quadrivalent influ-
enza vaccine candidate: a phase III randomized controlled trial
in children. J Infect Dis 2013; 208:544-53.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Quadrivalent Influenza Vaccine in Children

. Domachowske JB, Pankow-Culot H, Bautista M, et al. A random-

ized trial of candidate inactivated quadrivalent influenza vaccine
versus trivalent influenza vaccines in children aged 3-17 years.
J Infect Dis 2013; 207:1878-87.

. Greenberg DP, Robertson CA, Landolfi VA, et al. Safety and im-

munogenicity of an inactivated quadrivalent influenza vaccine in
children 6 months through 8 years of age. Pediatr Infect Dis ]
2014; 33:630-6.

. Jain VK, Rivera L, Zaman K, et al. Vaccine for prevention of mild

and moderate-to-severe influenza in children. N Engl ] Med 2013;
369:2481-91.

Centers for Disease Control and Prevention. Prevention and con-
trol of influenza with vaccines: recommendations of the Advisory
Committee on Immunization Practices (ACIP)—United States,
2012-13 influenza season. MMWR Morb Mortal Wkly Rep
2012; 61:613-8.

Hehme N, Kiinzel W, Petschke F, et al. Ten years of experience
with the trivalent split-influenza vaccine, Fluarix. Clin Drug
Investig 2002; 22:751-69.

US Department of Health and Human Services, Food and Drug
Administration. Guidance for industry: clinical data needed to sup-
port the licensure of seasonal inactivated influenza vaccines.
Available at: http:/www.fda.gov/downloads/biologicsbloodvaccines/
guidancecomplianceregulatoryinformation/quidances/vaccines/
ucm091990.pdf. Accessed 1 March 2013.

Skowronski DM, Hottes TS, Chong M, et al. Randomized con-
trolled trial of dose response to influenza vaccine in children
aged 6 to 23 months. Pediatrics 2011; 128:¢276-89.

Langley JM, Vanderkooi OG, Garfield HA, et al. Inmunogenicity
and safety of 2 dose levels of a thimerosal-free trivalent seasonal
influenza vaccine in children aged 6-35 months: a randomized,
controlled trial. J Pediatr Infect Dis Soc 2012; 1:55-63.
Pavia-Ruz N, Angel Rodriguez Weber M, Lau YL, et al. A ran-
domized controlled study to evaluate the immunogenicity of a tri-
valent inactivated seasonal influenza vaccine at two dosages in
children 6 to 35 months of age. Hum Vaccin Immunother
2013; 9:1978-88.

Vesikari T, Knuf M, Wutzler P, et al. Oil-in-water emulsion adju-
vant with influenza vaccine in young children. N Engl ] Med
2011; 365:1406-16.

Della Cioppa G, Vesikari T, Sokal E, Lindert K, Nicolay U.
Trivalent and quadrivalent MF59-adjuvanted influenza vaccine
in young children: a dose- and schedule-finding study. Vaccine
2011; 29:8696-704.

Esposito S, Marchisio P, Ansaldi F, et al. A randomized clinical trial
assessing immunogenicity and safety of a double dose of
virosomal-adjuvanted influenza vaccine administered to unprimed
children aged 6-35 months. Vaccine 2010; 28:6137-44.

Zangwill KM, Belshe RB. Safety and efficacy of trivalent inactivat-
ed influenza vaccine in young children: a summary for the new era
of routine vaccination. Pediatr Infect Dis ] 2004; 23:189-97.
Ruben FL. Inactivated influenza virus vaccines in children. Clin
Infect Dis 2004; 38:678-88.

251


http://jpids.oxfordjournals.org/lookup/suppl/doi:10.1093/jpids/piu098/-/DC1
http://jpids.oxfordjournals.org/lookup/suppl/doi:10.1093/jpids/piu098/-/DC1
http://jpids.oxfordjournals.org/lookup/suppl/doi:10.1093/jpids/piu098/-/DC1
http://www.who.int/influenza/vaccines/virus/en/
http://www.who.int/influenza/vaccines/virus/en/
http://www.who.int/influenza/vaccines/virus/en/
http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/quidances/vaccines/ucm091990.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/quidances/vaccines/ucm091990.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/quidances/vaccines/ucm091990.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/quidances/vaccines/ucm091990.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/quidances/vaccines/ucm091990.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


