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OBJECTIVES: The recombinant influenza vaccine is well established in adults ≥18 years of age 
for preventing seasonal influenza disease. In this randomized controlled trial, we compared 
the safety and immunogenicity of the quadrivalent, recombinant influenza vaccine (RIV4) 
versus the inactivated influenza vaccine in children and adolescents 6 to 17 years of age.
METHODS: Two age cohorts were enrolled sequentially: 159 subjects aged 9 to 17 years and, 
after reviewing for safety, 60 children aged 6 to 8 years. Enrollment of the younger children 
was halted prematurely at the onset of the influenza season. Subjects in each cohort were 
randomly assigned 1:1 to the RIV4 or inactivated vaccine. Hemagglutination inhibition 
antibody titers were obtained before and 28 days after vaccination. Tolerability and safety 
were monitored for 7 days and 6 months after vaccination, respectively.
RESULTS: Both vaccines were well tolerated in both age groups, and long-term follow-up 
revealed no vaccine-related adverse events. Overall, immunogenicity (geometric mean 
titers and seroconversion rate differences) provided comparable antibody responses 
to most antigens in both vaccines in the older subjects. Low responses to the influenza 
B Victoria lineage in both vaccines made interpretation difficult. Immunogenicity in 
younger children was similar, but the truncated sample size was insufficient to support 
noninferiority comparisons.
CONCLUSIONS: Despite low responses to influenza B lineages in both vaccines, the RIV4 
provided safety and immunogenicity that were comparable to those of the licensed 
inactivated vaccine in pediatric subjects, which was most convincing in those aged 9 to 17 
years. Future confirmatory clinical efficacy trials may be used to support the recombinant 
influenza vaccine as an alternative for the pediatric age group of ≥6 years.
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WHAT’S KNOWN ON THIS SUBJECT: Vaccination 
provides the best protection against influenza and is 
recommended for all persons ≥6 months of age. More 
effective vaccines are needed to improve protection 
and public health. Recombinant influenza vaccine has 
provided better protection in older adults.

WHAT THIS STUDY ADDS: Recombinant influenza vaccine, 
well tolerated in subjects aged 6 to 17 years, provides 
comparable immunogenicity to inactivated vaccine. 
Further studies are needed to confirm the safety and 
protective efficacy of recombinant hemagglutinin as an 
alternative to egg-grown inactivated influenza vaccines.
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Seasonal influenza vaccines have 
transitioned recently to quadrivalent 
formulations containing antigens 
representing both influenza B 
lineages (Yamagata and Victoria) as 
well as the conventional influenza 
A subtypes H1N1 and H3N2. The 
second influenza B lineage has been 
added to address the high frequency 
of circulation of both B lineages in 
a single season, and the common 
circulation of influenza B lineage 
mismatched with the vaccine strain.1,  2  

Because children are especially 
susceptible to complications of 
influenza B, 2 we therefore initiated 
the development of the quadrivalent, 
recombinant influenza vaccine 
(RIV4) in children aged 6 to 17 years.

An earlier phase 1 clinical trial of 
trivalent, recombinant influenza 
vaccine (RIV3) in a healthy pediatric 
population aged 6 to 59 months 
revealed that RIV3 was safe and well 
tolerated but yielded inferior levels 

of hemagglutination inhibition (HAI) 
antibody titers compared with those 
induced by the trivalent inactivated 
influenza vaccine (IIV3).3 However, 
in the small subset of children 
36 to 59 months of age (∼20 per 
treatment group) in the same study, 
the RIV3 induced HAI antibody titers 
that were more comparable to the 
levels observed with the IIV3. This 
revealed that as they grew older, 
children became more responsive 
to the recombinant protein vaccine. 

DUNKLE et al2

FIGURE 1
Study participant disposition. a Discontinued before the conclusion of the study. LTFU, lost to follow-up; mPP, modified per protocol.
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Because the researchers in the phase 
1 study of RIV3 had intentionally 
enrolled subjects who were naïve 
to previous influenza vaccination, 
it was postulated that the purified 
recombinant hemagglutinin (HA) 
antigens may be less immunogenic 
in individuals who were not 
immunologically primed by 
vaccination or infection.4 It was for 
this reason that in the current phase 
2 study, we targeted older children 
and adolescents 6 to 17 years of age.

The purpose of this exploratory 
phase 2 study was to assess 
the safety, reactogenicity, and 
immunogenicity of RIV4 compared 

with quadrivalent inactivated 
influenza vaccine (IIV4) in the 
pediatric population ≥6 years of age. 
The primary hypothesis was that 
the immunogenicity of all 4 strains 
of recombinant HA in RIV4 were 
noninferior to IIV4 on the basis of 
HAI geometric mean titers (GMTs) 
and the HAI seroconversion rates 
(SCRs).5

METHODS

Study Design and Oversight

This was an exploratory, observer-
blind, parallel group, phase 2 trial 
in which pediatric subjects 6 to 17 

years of age were randomly assigned 
1:1 to receive RIV4 or IIV4 (protocol 
available in the Supplemental 
Information). At the time this study 
was initiated, RIV4 had not yet 
been studied in adults; therefore, 
subjects were enrolled in sequential 
age cohorts beginning with older 
children and adolescents 9 to 17 
years of age followed by children 6 
to 8 years of age. The older cohort 
of participants was enrolled from 
November 21, 2013, to December 
2, 2013. Solicited reactogenicity 
data and any other available safety 
data collected during the 7 days 
after vaccination were reviewed 
by an unblinded, independent Data 
Monitoring Committee, leading to 
the recommendation that enrollment 
in the younger age cohort could 
commence. The enrollment of the 
younger cohort began on December 
19, 2013, and was closed on January 
9, 2014, with fewer than the planned 
150 subjects because of the onset of 
the influenza season and the concern 
that the vaccine safety profiles might 
be confounded by the natural onset 
of influenza disease. Children in the 
younger cohort were assigned to 1 
or 2 vaccine intramuscular injections 
28 days apart on the basis of their 
vaccination histories and Centers 
for Disease Control and Prevention 
recommendations.6 Vaccines were 
administered by unblinded study 
personnel (eg, a nurse or pharmacist 
who had no involvement in the 
evaluation of study participants).

The primary end point was HAI 
antibody titer 28 days after 
the completion of the assigned 
vaccine series (day 28 or day 56 
for recipients of 1 or 2 doses, 
respectively). A secondary 
immunogenicity end point in children 
who received 2 vaccine injections 
was HAI antibody titer at day 28 
before the second dose of the vaccine 
to assess the immune response to a 
single injection.

Study participants were healthy 
individuals in each age group with 
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TABLE 1  Participant Demographics

Parameter 9–17 y 6–8 y Total

RIV4 IIV4 RIV4 IIV4 RIV4 IIV4

N = 80 N = 78 N = 28 N = 31 N = 108 N = 109

Age, y
 Mean 12.7 12.7 7.1 7.0 11.3 11.0
 Range 9–17 9–17 6–8 6–8 6–17 6–17
Female sex, n (%) 42 (53) 40 (51) 17 (61) 12 (39) 59 (55) 52 (48)
Hispanic or Latino ethnicity, n (%) 13 (16) 8 (10) 6 (21) 6 (19) 19 (18) 14 (13)
Race, n (%)
 White 50 (63) 46 (59) 10 (36) 16 (52) 60 (56) 62 (57)
 Black and/or African American 28 (35) 31 (40) 17 (61) 13 (42) 45 (42) 44 (40)
 Multiracial 2 (3) 1 (1) 1 (4) 2 (7) 3 (3) 3 (3)

The safety population is shown.

TABLE 2  Immunogenicity (All Subjects 6–17 Years of Age) 28 Days After Last Dose of Study Vaccine

Antigen RIV4 (n = 101) IIV4 (n = 105)

A/California/7/2009 (H1N1)
 GMT (95% CI) 986.2 (777 to 1251.7) 596.5 (495.2 to 718.5)
 GMT ratio (95% CI) 0.60 (0.45 to 0.82a)
 SCR, % (95% CI) 87 (79.0a to 93.0) 70 (59.8a to 78.1)
 SCR difference, % (95% CI) −17 (−28.6 to −6.6a)
A/Texas/50/2012 (H3N2)
 GMT (95% CI) 904 (764.0 to 1069.7) 555.9 (479.1 to 645.1)
 GMT ratio (95% CI) 0.6 (0.49 to 0.77a)
 SCR, % (95% CI) 57 (47.2a to 67.2) 50 (39.6 to 59.5)
 SCR difference, % (95% CI) −7 (−21.5 to 5.7a)
B/Massachusetts 2/2012 (Yamagata lineage)
 GMT (95% CI) 146.4 (117.2 to 182.8) 120.7 (99.0 to 147.2)
 GMT ratio (95% CI) 0.82 (0.61 to 1.11a)
 SCR, % (95% CI) 71 (61.4a to 79.9) 67 (56.8a to 75.6)
 SCR difference, % (95% CI) −4 (−17.2 to 8.0a)
B/Brisbane/60/2008 (Victoria lineage)
 GMT (95% CI) 57.4 (45.5 to 72.5) 60.0 (49.2 to 73.2)
 GMT ratio (95% CI) 1.05 (0.77 to 1.42a)
 SCR, % (95% CI) 57 (46.4a to 67.7) 69 (57.8a to 78.0) 
 SCR difference, % (95% CI) 12 (−2.9 to 25.3)

Modified per protocol population: day 56 for subjects assigned to receive 2 vaccine doses is shown. 
a Meets the FDA regulatory criteria for noninferiority or accelerated approval on the basis of SCRs.5
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no serious underlying conditions, 
no acute febrile illness, no 
contraindication to either study 
vaccine, and who were not receiving 
any immunosuppressive therapy. The 
study was approved and monitored 
by a central institutional review 
board (Quorum Review Independent 
Review Board, Seattle, WA) and 
was conducted at 5 outpatient 
research centers in the United 
States according to international 

standards.7 Written, informed 
consent was obtained from the 
parents or guardians, and assent was 
obtained from the study participants 
as required by the institutional 
review board before any study 
procedures. Randomization was 
accomplished according to schedules 
for each age group prepared by 
the contract research organization 
statisticians and provided to 
the unblinded personnel at each 

investigative site. Postvaccination, 
7-day safety data from older 
participants were reviewed by 
the unblinded, independent Data 
Monitoring Committee on the 
basis of prespecified criteria for 
unacceptable frequency and severity 
of reactogenicity and serious adverse 
events before enrolling the younger 
children.

Serum samples were obtained from 
all study participants before and 
28 days after vaccination. Children 
who received 2 vaccine injections 
had serum drawn 28 days after each 
injection. Solicited systemic and 
injection site reactions and body 
temperature were recorded daily for 
7 days after each vaccination, and 
other adverse events were collected 
up to 28 days after the completion 
of the vaccination (day 28 or 56). 
Memory aids (ie, diary cards) with 
reactions recorded for 7 days after 
each vaccination were returned to 
the study sites at the time of the 
28-day postvaccination visit. Serious 
and medically attended adverse 
events were collected via telephone 
interview through month 6 after the 
vaccination.

DUNKLE et al4

TABLE 3  Immunogenicity by Age Cohort: Day 28 After Last Dose of Study Vaccine

Antigen 9–17 y 6–8 y

RIV4 (n = 75) IIV4 (n = 77) RIV4 (n = 26) IIV4 (n = 28)

A/California/7/2009 (H1N1)
 GMT (95% CI) 915 (693 to 1207) 564 (450 to 708) 1224 (750 to 1999) 695 (501 to 963)
 GMT ratio (95% CI) 0.62 (0.43 to 0.88a) 0.57 (0.32 to 1.00a)
 SCR, % (95% CI) 87 (76.8a to 93.4) 68 (55.9a to 77.8) 88 (69.8a to 97.6) 75 (55.1a to 89.3)
 SCR difference, % (95% CI) −19 (−32.1 to −6.2a) −13 (−33.7 to 6.7a)
A/Texas/50/2012 (H3N2)
 GMT (95% CI) 852 (698 to 1041) 531 (450 to 628) 1072 (776 to 1479) 629 (451 to 878)
 GMT ratio (95% CI) 0.62 (0.48 to 0.81a) 0.59 (0.37 to 0.92a)
 SCR, % (95% CI) 59 (46.7a to 69.9) 49 (37.8 to 61.0) 54 (33.4 to 73.4) 50 (30.6 to 69.4)
 SCR difference, % (95% CI) −10 (−25.1 to 6.5a) −4 (−30.5 to 22.8)
B/Massachusetts/2/2012 (Yamagata lineage)
 GMT (95% CI) 161 (125 to 208) 120 (95 to 151) 111 (70 to 177) 123 (82 to 184)
 GMT ratio (95% CI) 0.75 (0.53 to 1.05a) 1.11 (0.61 to 2.01)
 SCR, % (95% CI) 69 (57.6a to 79.5) 61 (49.2a to 72.0) 77 (56.4a to 91.0) 82 (63.1a to 93.9)
 SCR difference, % (95% CI) −8 (−23.4 to 6.8a) 5 (−16.3 to 26.7)
B/Brisbane/60/2008 (Victoria lineage)
 GMT (95% CI) 52 (40 to 67) 60 (47 to 75) 74 (45 to 121) 61 (40 to 91)
 GMT ratio (95% CI) 1.15 (0.81 to 1.63) 0.82 (0.44 to 1.54)
 SCR, % (95% CI) 52 (39.4 to 65.1) 67 (53.7a to 78.0) 69 (48.2a to 85.7) 73 (52.2a to 88.4)
 SCR difference, % (95% CI) 15 (−2.7 to 31.2) 4 (−20.8 to 28.5)

Modified per protocol population day: 56 for subjects assigned to receive 2 vaccine doses is shown. 
a Meets FDA criteria for noninferiority or accelerated approval on the basis of immunogenicity.

TABLE 4  Reactogenicity: Worst Severity Reported During Days 0–7 After First Study Vaccine Injection

Symptom Severity 
Grade

9–17 y 6–8 y Total

RIV4 (N = 
80) 

IIV4 (N = 
78)

RIV4 (N = 
28)

IIV4 (N = 
31)

RIV4 (N = 
108)

IIV4 (N = 
109)

n (%) n (%) n (%) n (%) n (%) n (%)

Pain: grades 1–2 35 (44) 35 (45) 12 (43) 13 (42) 47 (44) 48 (44)
Bruising: grades 

1–2
7 (9) 5 (6) 3 (11) 2 (7) 10 (9) 7 (6)

Measurement of erythema
 Grades 1–2 7 (9) 4 (5) 1 (4) 3 (10) 10 (9) 11 (10)
 Grade 3 (≥5 cm) 2 (3) 3 (4) 0 (0) 1 (3) 2 (2) 4 (4)
Measurement of induration
 Grades 1–2 8 (10) 4 (5) 3 (11) 5 (16) 12 (11) 12 (11)
 Grade 3 (≥5 cm) 1 (1) 3 (4) 0 (0) 0 (0) 1 (1) 3 (3)
Fever
 None 80 (100) 77 (99) 27 (96) 30 (97) 107 (99) 106 (97)
 Grades 1–2 0 (0) 1 (1) 1 (4) 1 (3) 1 (1) 3 (3)

The fever grading system is as follows: grade 0, <100.4; grade 1, 100.4–101.1; grade 2, 101.2–102.0; grade 3, 102.1–104; 
and grade 4, >104.
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Data from the memory aids and 
participant interviews were entered 
by study site personnel via online 
remote electronic data capture 
managed by the contract research 
organization, Icon plc., and Icon 
monitored and verified the data at 
the clinical sites.

Vaccines

Study participants in both age 
cohorts were randomly assigned 
1:1 to receive RIV4 (Flublok 
Quadrivalent, Lot 50-13002; Protein 
Sciences Corporation, Meriden, CT) 
or IIV4 (Fluarix Quadrivalent, Lot 
433FZ; GlaxoSmithKline, Research 
Triangle Park, NC). Vaccines were 
manufactured by using processes 
that have been described fully 
elsewhere.8 – 10 RIV4 was produced by 
using recombinant DNA technology 
in a proprietary insect cell line  
and the baculovirus expression 
vector and contained 180 µg of  
purified influenza HA protein (45 µg  
of each strain) but no influenza 
neuraminidase. IIV4 was produced 
from the infectious influenza virus 
propagated in embryonated chicken 
eggs that was inactivated and 
partially purified to a split virus 
vaccine containing 60 µg (15 µg of 
each strain) HA and an unspecified 
quantity of neuraminidase per 0.5 mL 
intramuscular dose.

Study vaccines contained the HA 
antigens for the 4 influenza strains 
selected for the 2013–2014 season: 
A/California/7/2009 (H1N1) in the 
RIV4 or the antigenically similar  
A/Christchurch/16/2010 in the  
IIV4, A/Texas/50/2012 (H3N2),  
B/Massachusetts/2/2012 (Yamagata 
lineage), and B/Brisbane/60/2008 
(Victoria lineage).

Study Populations

The 2 analysis populations included 
the safety population, which 
comprised all randomly assigned 
subjects in both age cohorts who 
received any dose of the study 
vaccine and provided any safety data 
after vaccination, and the evaluable 
immunogenicity population 
(modified per protocol, analysis 
population). The latter population 
included all randomly assigned 
subjects who received the assigned 
number of doses of the study vaccine 
and had HAI titers available from 
blood draws taken at baseline and 
∼28 days after the last dose of the 
study vaccine. For this primary 
analysis, day 28 HAI titers for 
subjects with 1 dose and day 56 HAI 
titers for subjects with 2 doses were 
pooled as the final postvaccination 
titers. Subjects with protocol 
violations, such as the use of systemic 
corticosteroids, were excluded 

from the immunogenicity analyses. 
The Safety Population was used for 
safety analyses, and tolerability was 
tabulated for subjects who returned 
memory aids.

The safety and immunogenicity 
populations were similarly defined 
for each age cohort separately. The 
primary immunogenicity analyses 
for the younger cohort were similarly 
used to pool the day 28 titers for 
subjects with 1 dose and day 56 titers 
for subjects with 2 doses as final 
postvaccination titers. Subjects in the 
younger cohort who were assigned to 
2 vaccine doses were included in an 
analysis of the secondary end point 
in which we evaluated the day 28 
immunogenicity after a single dose in 
unprimed children.

Statistical Analysis

The study was designated as an 
exploratory study; thus, the final 
sample size was not based on 
statistical calculations. We initially 
planned to enroll 150 subjects in 
each age cohort, randomly assign 1:1 
to the RIV4 or IIV4, and pool the data 
from both age groups for the primary 
analysis. The planned sample size of 
300 would have provided 80% power 
to conclude noninferiority of GMTs 
for each antigen without adjusting 
for multiple comparisons. The 
enrollment of the younger cohort, 
which was delayed for the planned 
safety review, was closed early to 
avoid confounding the safety data by 
the onset of the influenza season.

HAI assays were performed at 
Focus Diagnostics, subsidiary of Q2 
Solutions (Cypress, CA), by using 
a validated assay and employing 
turkey red blood cells (Lampire 
Associates, Pipersville, PA) and HA 
antigens of egg origin (National 
Institute for Biological Standards and 
Control, London, United Kingdom). 
Serum samples, which were treated 
with a receptor-destroying enzyme, 
were diluted 1:10 and then serially 
in twofold dilutions. Reagents were 
qualified annually, and the assay 
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TABLE 5  Unsolicited Adverse Events From ≥2% of Any Age or Vaccine Group Through 28 Days After 
Last Study Vaccine Injection

Preferred Term No. (%) Subjects

RIV4 IIV4 Total

9–17 
y (N = 

80)

6–8 y 
(N = 
28)

Total 
(N = 
108)

9–17 
y (N = 

78)

6–8 y 
(N = 
31)

Total 
(N = 
109)

9–17 
y (N = 
158)

6–8 y 
(N = 
59)

Total (N 
= 217)

Subjects with ≥1 
adverse event

19 
(24)

13 
(46)

32 
(30)

26 
(33)

15 
(48)

41 
(38)

45 
(28)

28 
(47)

73 (34)

Diarrhea 1 (1) 1 (4) 2 (2) 2 (3) 3 (10) 5 (5) 3 (2) 4 (7) 7 (3)
Vomiting 1 (1) 2 (7) 3 (3) 2 (3) 2 (6) 4 (4) 3 (2) 4 (7) 7 (3)
Oropharyngeal 

pain
3 (4) 0 (0) 3 (3) 4 (5) 0 (0) 4 (4) 7 (4) 0 (0) 7 (3)

Upper respiratory 
tract infection

0 (0) 0 (0) 0 (0) 1 (1) 4 (13) 5 (5) 1 (1) 4 (7) 5 (2)

Viral infection 1 (1) 2 (7) 3 (3) 0 (0) 1 (3) 1 (1) 1 (1) 3 (5) 4 (2)
Headache 0 (0) 1 (4) 1 (1) 2 (3) 1 (3) 3 (3) 2 (1) 2 (3) 4 (2)
Cough 0 (0) 1 (4) 1 (1) 1 (1) 3 (10) 4 (4) 1 (1) 4 (7) 5 (2)
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was validated with sensitivity 
within twofold dilution. HAI titers 
were reported as the inverse of the 
highest serum dilution at which 
hemagglutination was inhibited.

Noninferior immunogenicity was 
tested according to Food and Drug 
Administration (FDA) guidelines5 by 
comparing GMTs and SCRs. A GMT was 
considered noninferior if the upper 
bound of the 2-sided 95% confidence 
interval (CI) around the ratio of the 
GMT of the IIV4 to the GMT of the 
RIV4 was ≤1.5. GMTs and their 95% 
CIs were computed by using serology 
results transformed to the natural 
logarithmic scale. The 95% CI for 
GMTs and ratios were calculated by 
using a test statistic on the mean or 
the difference of means, respectively, 
on the log scale under the assumption 
of asymptotic normality. The HAI 
immunogenicity data are presented  
as back transformed to the original 
titer scale. 

The SCR was defined as the proportion 
of subjects in each group with a 
postvaccination titer that was greater 
than or equal to fourfold higher than 
a detectable prevaccination titer or 
≥40 if the prevaccination titer was 
undetectable (<10). The SCR was 
considered noninferior if the upper 
bound of the 2-sided 95% CI around 
the difference of the SCR of IIV4 to the 
SCR of RIV4 was ≤10. The regulatory 
criterion for the acceptability of SCR 
for accelerated approval was a lower 
limit of the 95% CI for SCR ≥40%.5 
Solicited systemic and injection site 
reactions and body temperatures 
were tabulated for each treatment 
group for the entire study population 
and for each of the 2 age cohorts. 
Unsolicited adverse events (serious 
or nonserious) were coded by using 
Medical Dictionary for Regulatory 
Activities version 16.1 and tabulated 
by the preferred term.

RESULTS

A total of 219 subjects were enrolled, 
159 in the older cohort and 60 in the 

younger cohort. One subject in each 
age cohort, both randomly assigned 
to the IIV4, withdrew without 
vaccination. Enrollment in the 
younger cohort was curtailed when 
the circulation of wild-type influenza 
became widespread. Most subjects 
(n = 203) completed the 6 months 
of follow-up after vaccination. There 
were no deaths or discontinuations 
because of an adverse event. The 2 
vaccine groups were comparable in  
terms of their participation and 
completion of the study (Fig 1).

The demographics of study 
participants were well balanced 
between the 2 vaccine groups (Table 1). 
The study populations were evenly 
distributed regarding sex and race; 
subjects were predominantly not 
Hispanic or Latino. There were no 
participants who identified as Asian 
American, American Indian and/or 
Alaskan native, or Native Hawaiian 
and/or Pacific Islander.

The antibody response after the RIV4  
was similar to that of the IIV4 for the  
entire study population and met FDA 
criteria for noninferior immunogenicity 
for the GMT ratios of all 4 antigens  
and for SCR differences for 3 of the 
4 antigens (Table 2). The low HAI 
responses to influenza B–Brisbane in  
both vaccine groups have been 
observed in other studies of adults.11,  12  
The immunogenicity of the RIV4 
among participants 6 to 8 years of age 
was similar to that of the IIV4, although 
with wider CIs because of the smaller 
sample size (Table 3). For subjects 6 
to 8 years of age assigned to 2 doses 
of the study vaccine, the antibody 
responses to the first injection were 
comparable between the 2 vaccine 
groups and similar to the magnitude of 
responses on day 56 after the second 
dose (Supplemental Information).

The safety profiles of the 2 vaccines 
were comparable in terms of 
reactogenicity (Table 4). The most 
common injection site reaction was 
pain, typically of mild-to-moderate 
severity. Injection site erythema, 
which was measured by participants 

or their parents or guardians, was 
reported to be >5 cm in diameter 
(grade 3) in <5% of subjects, without 
a clinically meaningful difference 
between the vaccine groups. The 
most commonly reported solicited 
systemic reactions of myalgia, fatigue, 
and headache were reported during 
days 0 to 7 with similar frequency in 
both vaccine groups; all complaints 
were self-limited, and most were 
of mild-to-moderate severity (data 
not shown). Body temperatures 
recorded daily during days 0 to 7 
by participants or their guardians 
revealed infrequent fevers (<5%) in 
both vaccine groups, and none were 
>102°F. No participant experienced a 
febrile seizure.

All unsolicited adverse events during 
the 28 days and serious adverse 
events during the 6 months after 
the completion of the vaccination, 
respectively, were also similar in 
the 2 vaccine groups (Table 5). 
Unsolicited adverse events during 
the 28 days after the vaccination 
were approximately twofold more 
common in the younger participants 
but were of equal frequency in both 
vaccine groups. The most common 
events were various infections, 
diarrhea, and respiratory complaints; 
all were events that are common 
among children and adolescents 
during the winter season. There were 
no deaths among study participants, 
and only 1 serious adverse event 
occurred: a hospitalization of a 
9-year-old child for treatment of a 
recrudescence of asthma 5 months 
after the IIV4. None of the unsolicited 
adverse events were considered 
related to the study vaccine or to an 
influenza infection during follow-up.

DISCUSSION

The recombinant influenza vaccine 
has been available in the United 
States for seasonal immunization 
in adults ≥18 years of age for >3 
years, and the product was recently 
transitioned to a quadrivalent 
formulation.13 Although this pediatric 
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study in 2013 and 2014 was the 
first clinical trial of the RIV4, 2 
phase 3, active-controlled clinical 
trials in adults were conducted 
during the 2014–2015 season. 
The 2 adult trials were used to 
support the regulatory approval 
of the RIV4 and revealed that in 
adults ≥50 years of age, the RIV4 
provided up to 43% better protection 
than the IIV4 against laboratory-
confirmed, influenzalike illness11 and 
noninferior immunogenicity in adults 
18 to 49 years of age.12 An earlier, 
placebo-controlled study revealed 
the RIV3’s 45% absolute efficacy 
against predominantly mismatched, 
drifted influenza strains in adults 
18 to 49 years of age.13, 14 The safety 
and immunogenicity of the RIV3 in 
comparison with the IIV3 in 159 
influenza vaccine-naive pediatric 
subjects 6 to 59 months of age3 
revealed that the RIV3 was safe and 
well tolerated in comparison with 
the IIV3, but its immunogenicity in 
infants and toddlers 6 to 35 months 
of age was inferior to that of the 
IIV3.3 HAI responses appeared to be 
more comparable in children 36 to 59 
months of age (albeit a small number 
of subjects). Thus, further study of 
the RIV4 in 9- to 17-year-old subjects 
with stepdown to 6- to 8-year-old 
subjects was appropriate.

The immunogenicity of the RIV4 
across the age group of 6 to 17 
years was comparable to that of the 
IIV4. FDA criteria for noninferiority 
based on ratios of postvaccination 
GMTs were met for RIV4 recipients 
for all 4 antigens and differences in 
SCRs for 3 of 4 antigens. The HAI 
responses to the B–Victoria lineage 
(B/Brisbane/60/2011) failed to 
meet seroconversion criteria largely 
because the HAI titers in both 
vaccine groups were low, whereas 
the variability of the HAI assay may 
confound data interpretation. The low 
HAI antibody responses to influenza 
B antigens among pediatric subjects 
is well recognized and speculated to 
reflect poorer overall immunogenicity 

of the B antigens or the lesser role of 
HAI antibodies versus neutralizing 
antibodies in protecting against 
influenza B.15 –19 In a clinical trial of 
efficacy against laboratory-confirmed 
influenza disease in older adults, low 
titers against influenza B were not 
associated with different degrees 
of protection among RIV4 or IIV4 
recipients.11 By contrast, the GMTs to 
influenza A/Texas/50/2012 (H3N2) 
were significantly higher among RIV4 
versus IIV4 recipients in this study. 
Higher immune responses to H3N2 in 
RIV3 or RIV4 recipients (versus IIV3 
and IIV4 recipients, respectively) have 
been observed consistently in previous 
phase 3, active-controlled trials in 
adults.11,  12 Recent data reveal that HAI 
titers, especially to type A (H3N2), 
induced by egg-grown vaccines 
may provide reduced protective 
efficacy, further revealing that the 
noninferiority of titers generated 
by the RIV4 may be an incomplete 
assessment of potential protection.20 
Although HAI titers were similar in 
the children 6 to 8 years of age, the 
truncated sample size of this group 
limited the ability to interpret the data 
for the 2 age groups separately.

The safety and tolerability of the 
RIV4 in both age groups were 
similar to those of the IIV4. Most 
solicited events of injection site 
reactions in both age cohorts were 
of mild-to-moderate (grades 1–2) 
severity and reported with similar 
frequency in both vaccine groups. 
Grade 3 injection site erythema and 
induration were reported by a small 
number of subjects but slightly more 
frequently among IIV4 than RIV4 
recipients. Fever was infrequent, not 
accompanied by febrile seizure, and 
not different between the vaccine 
groups.

The common unsolicited, 
spontaneously reported adverse 
events largely represented 
complaints that would be expected in 
children and adolescents during the 
winter season. Overall, there were 
more subjects reporting at least 1 

adverse event among IIV4 recipients 
than among RIV4 recipients, although 
the difference was not significant. 
There were no vaccine-related 
serious or nonserious events in either 
vaccine group, and no deaths were 
reported among study participants.

There are several limitations to 
this study. This being a phase 2 
study, we could only evaluate safety 
and immunogenicity of the RIV4 
in an exploratory fashion before 
embarking on confirmatory efficacy 
trials, possibly to include more  
than a single influenza season.  
A major limitation is the lack of full 
enrollment because of the onset of 
the influenza season. Nevertheless, 
the data allow for a reasonable 
expectation of the likely comparable 
performance of the RIV4 to the IIV4 
in pediatric subjects ≥6 years of age. 
Higher HAI titers in RIV4 recipients 
to influenza A subtypes may translate 
to improved clinical efficacy for these 
subtypes, as has been demonstrated 
in adults.11,  14

CONCLUSIONS
The safety, reactogenicity, and 
immunogenicity of the RIV4 in 
pediatric subjects 6 to 17 years of age 
in this phase 2 exploratory trial are 
comparable to those in the profile 
of the IIV4 in pediatric subjects ≥6 
years of age.

ABBREVIATIONS

CI:  confidence interval
FDA:  Food and Drug 

Administration
GMT:  geometric mean titer
HA:  hemagglutinin
HAI:  hemagglutination inhibition
IIV3:  trivalent inactivated 

influenza vaccine
IIV4:  quadrivalent inactivated 

influenza vaccine
RIV3:  trivalent, recombinant 

influenza vaccine
RIV4:  quadrivalent, recombinant 

influenza vaccine
SCR:  seroconversion rate

PEDIATRICS Volume 141, number 5, May 2018 7
 by guest on June 18, 2018www.aappublications.org/newsDownloaded from 



REFERENCES

 1.  Ambrose CS, Levin MJ. The 
rationale for quadrivalent influenza 
vaccines. Hum Vaccin Immunother. 
2012;8(1):81–88

 2.  Blanton L, Alabi N, Mustaquim D, et al. 
Update: influenza activity in the United 
States during the 2016-17 season and 
composition of the 2017-18 influenza 
vaccine. MMWR Morb Mortal Wkly Rep. 
2017;66(25):668–676

 3.  King JC Jr, Cox MMJ, Reisinger K, 
Hedrick J, Graham I, Patriarca P. 
Evaluation of the safety, reactogenicity 
and immunogenicity of Flublok 
trivalent recombinant baculovirus-
expressed hemagglutinin influenza 
vaccine administered intramuscularly 
to healthy children aged 6-59 months. 
Vaccine. 2009;27(47):6589–6594

 4.  Walter EB, Neuzil KM, Zhu Y, et al. 
Influenza vaccine immunogenicity in 6- 
to 23-month-old children: are identical 
antigens necessary for priming? 
Pediatrics. 2006;118(3). Available at: 
www. pediatrics. org/ cgi/ content/ full/ 
118/ 3/ e570

 5.  Center for Biologics Evaluation 
and Research; Food and Drug 
Administration. Guidance for industry: 
clinical data needed to support the 
licensure of seasonal inactivated 
influenza vaccines. 2007. Available at: 
www. fda. gov/ cber/ guidelines. htm. 
Accessed December 30, 2013

 6.  Centers for Disease Control and 
Prevention. Prevention and control 
of seasonal influenza with vaccines. 
Recommendations of the Advisory 
Committee on Immunization Practices–
United States, 2013-2014 [published 
correction appears in MMWR Recomm 

Rep. 2013;62(45):906]. MMWR Recomm 
Rep. 2013;62(RR–07):1–43

 7.  Food and Drug Administration. 
Guidance for Industry: E6 Good Clinical 
Practices, Consolidated Guidance. 
Silver Springs, MD: Food and Drug 
Administration; 1996

 8.  Holtz KM, Anderson DK, Cox MMJ. 
Production of a recombinant influenza 
vaccine using the baculovirus 
expression vector system. BioProcess 
J. 2003;2(5):65–73

 9.  Cox MMJ, Hashimoto Y. A fast track 
influenza virus vaccine produced 
in insect cells. J Invertebr Pathol. 
2011;107(suppl):S31–S41

 10.  GlaxoSmithKline. Fluarix package 
insert. cdc.gov. 2016. Available at: 
https:// www. fda. gov/ downloads/ 
BiologicsBloodVac cines/ Vaccines/ 
ApprovedProducts/ UCM220624. pdf. 
Accessed June 26, 2017

 11.  Dunkle LM, Izikson R, Patriarca P, 
et al; PSC12 Study Team. Efficacy of 
recombinant influenza vaccine in 
adults 50 years of age or older. N Engl 
J Med. 2017;376(25):2427–2436

 12.  Dunkle LM, Izikson R, Patriarca 
PA, Goldenthal KL, Muse D, Cox 
MMJ. Randomized comparison 
of immunogenicity and safety of 
quadrivalent recombinant versus 
inactivated influenza vaccine in healthy 
adults 18-49 years of age. J Infect Dis. 
2017;216(10):1219–1226

 13.  Protein Sciences Corporation. Flublok 
quadrivalent package insert. fda.gov. 
2016. Available at: https:// www. fda. gov/ 
downloads/ biologicsbloodvac cines/ 
vaccines/ approvedproducts/ ucm524684. 
pdf. Accessed June 29, 2017

 14.  Treanor JJ, El Sahly H, King J, et al. 
Protective efficacy of a trivalent 
recombinant hemagglutinin protein 
vaccine (FluBlok®) against influenza 
in healthy adults: a randomized, 
placebo-controlled trial. Vaccine. 
2011;29(44):7733–7739

 15.  Neuzil KM, Jackson LA, Nelson J, et al. 
Immunogenicity and reactogenicity of 1 
versus 2 doses of trivalent inactivated 
influenza vaccine in vaccine-naive 
5-8-year-old children. J Infect Dis. 
2006;194(8):1032–1039

 16.  Englund JA, Walter EB, Fairchok MP, 
Monto AS, Neuzil KM. A comparison of 
2 influenza vaccine schedules in 6- to 
23-month-old children. Pediatrics. 
2005;115(4):1039–1047

 17.  Phillips CF, Phillips CA, Hodgkin WE, 
Forsyth BR, Rubin BA, Geraghty 
ME. Killed subunit influenza 
vaccine in children. Pediatrics. 
1973;52(3):416–419

 18.  Gruber WC, Taber LH, Glezen 
WP, et al. Live attenuated and 
inactivated influenza vaccine in 
school-age children. Am J Dis Child. 
1990;144(5):595–600

 19.  Frank AL, Puck J, Hughes BJ, Cate TR. 
Microneutralization test for influenza 
A and B and parainfluenza 1 and 2 
viruses that uses continuous cell lines 
and fresh serum enhancement. J Clin 
Microbiol. 1980;12(3):426–432

 20.  Zost SJ, Parkhouse K, Gumina ME, 
et al. Contemporary H3N2 influenza 
viruses have a glycosylation site 
that alters binding of antibodies 
elicited by egg-adapted vaccine 
strains. Proc Natl Acad Sci USA. 
2017;114(47):12578–12583

DUNKLE et al8

Accepted for publication Feb 1, 2018

Address correspondence to Lisa M. Dunkle, MD, Protein Sciences Corporation, 1000 Research Parkway, Meriden, CT 06450. E-mail: lisa.dunkle@sanofi.com

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2018 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: Drs Dunkle, Izikson, and Cox are employees and shareholders of Protein Sciences Corporation, which is the manufacturer of Flublok 
Quadrivalent. Protein Sciences is wholly owned by Sanofi Pasteur. Drs Patriarca and Goldenthal are paid consultants to Protein Sciences Corporation and to 
numerous other vaccine manufacturers. Dr Treanor consults for and conducts clinical trials with multiple vaccine manufacturers.

FUNDING: Biomedical Advanced Research and Development Authority contract HHS100200900106C was awarded to the Protein Sciences Corporation.

POTENTIAL CONFLICT OF INTEREST: Apart from the Financial Disclosures listed above, the authors have indicated they have no potential conflicts of interest to 
disclose.

 by guest on June 18, 2018www.aappublications.org/newsDownloaded from 

www.pediatrics.org/cgi/content/full/118/3/e570
www.pediatrics.org/cgi/content/full/118/3/e570
www.fda.gov/cber/guidelines.htm
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM220624.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM220624.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM220624.pdf
https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm524684.pdf
https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm524684.pdf
https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm524684.pdf
https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm524684.pdf
mailto:


DOI: 10.1542/peds.2017-3021 originally published online April 2, 2018; 
2018;141;Pediatrics 

and John J. Treanor
Lisa M. Dunkle, Ruvim Izikson, Peter A. Patriarca, Karen L. Goldenthal, Manon Cox

Trial
Safety and Immunogenicity of a Recombinant Influenza Vaccine: A Randomized

Services
Updated Information &

http://pediatrics.aappublications.org/content/141/5/e20173021
including high resolution figures, can be found at: 

References
http://pediatrics.aappublications.org/content/141/5/e20173021#BIBL
This article cites 16 articles, 5 of which you can access for free at: 

Subspecialty Collections

_sub
http://www.aappublications.org/cgi/collection/vaccine:immunization
Vaccine/Immunization
http://www.aappublications.org/cgi/collection/influenza_sub
Influenza
b
http://www.aappublications.org/cgi/collection/infectious_diseases_su
Infectious Disease
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://www.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://www.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 by guest on June 18, 2018www.aappublications.org/newsDownloaded from 

http://http://pediatrics.aappublications.org/content/141/5/e20173021
http://pediatrics.aappublications.org/content/141/5/e20173021#BIBL
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/cgi/collection/influenza_sub
http://www.aappublications.org/cgi/collection/vaccine:immunization_sub
http://www.aappublications.org/cgi/collection/vaccine:immunization_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml


DOI: 10.1542/peds.2017-3021 originally published online April 2, 2018; 
2018;141;Pediatrics 

and John J. Treanor
Lisa M. Dunkle, Ruvim Izikson, Peter A. Patriarca, Karen L. Goldenthal, Manon Cox

Trial
Safety and Immunogenicity of a Recombinant Influenza Vaccine: A Randomized

 http://pediatrics.aappublications.org/content/141/5/e20173021
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

http://pediatrics.aappublications.org/content/suppl/2018/03/29/peds.2017-3021.DCSupplemental
Data Supplement at: 

1073-0397. 
ISSN:60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print 

the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it

 by guest on June 18, 2018www.aappublications.org/newsDownloaded from 

http://pediatrics.aappublications.org/content/141/5/e20173021
http://pediatrics.aappublications.org/content/suppl/2018/03/29/peds.2017-3021.DCSupplemental

