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Background. A/H3N2 variant (H3N2v) influenza may sustain human-to-human transmission, and an available
candidate vaccine would be important.

Methods. In this phase I, randomized, observer-blind, dose-ranging study, 627 healthy subjects ≥3 years of age
were randomized to receive 2 vaccinations with H3N2c cell-culture-derived vaccine doses containing 3.75 µg, 7.5 µg,
or 15 µg hemagglutinin antigen of H3N2v with or without MF59 (registered trademark of Novartis AG) adjuvant
(an oil-in-water emulsion). This paper reports Day 43 planned interim data.

Results. Single MF59-adjuvanted H3N2c doses elicited immune responses in almost all subjects regardless of
antigen and adjuvant dose; the Center for Biologics Evaluation Research and Review (CBER) licensure criteria
were met for all groups. Subjects with prevaccination hemagglutination inhibition titers <10 and children 3–<9
years achieve CBER criteria only after receiving 2 doses of nonadjuvanted H3N2c vaccine. Highest antibody titers
were observed in the 7.5 µg + 0.25 mL MF59 groups in all age cohorts. MF59-adjuvanted H3N2c vaccines showed
the highest rates of solicited local and systemic events, predominately mild or moderate.

Conclusions. A single dose of H3N2c vaccine may be immunogenic and supports further development of
MF59-adjuvanted H3N2c vaccines, especially for pediatric populations.

Clinical Trials Registration. ClinicalTrials.gov identifier NCT01855945 (http://clinicaltrials.gov/ct2/show/
NCT01855945).

Keywords. A/H3N2 variant; cell culture–derived; immunogenicity; influenza; safety; vaccine; virus.

A/H3N2 variant (H3N2v) swine influenza virus con-
taining the matrix (M) gene from the 2009 A/H1N1
pandemic virus was first identified in pigs in 2010
and subsequently detected in 12 people in the United
States in 2011 [1]. The following year, 309 confirmed
cases of H3N2v infection were reported across 12 states,
resulting in 1 death and 16 hospitalizations [2].The ma-
jority of cases were in children and adolescents; most

cases reported agricultural fair attendance and/or con-
tact with swine prior to illness [3].Consequently, the US
Department of Health and Human Services requested a
clinical evaluation of candidate H3N2v influenza vac-
cines as part of their pandemic preparedness program.
There were only 19 confirmed cases in 2013, suggesting
restricted transmission of H3N2v virus [2, 4]. However
sporadic person-to-person transmission demonstrates
the epidemic potential of this emerging virus [3]. In ad-
dition, animal models have shown that H3N2v viruses
have the capacity for efficient replication and transmis-
sion in mammals [5].

The aim of this Phase 1 study was to assess the safety
and immunogenicity of MF59-adjuvanted and nonad-
juvanted cell-culture-derived, inactivated swine origin
H3N2v influenza monovalent subunit (H3N2c) vac-
cines in children, adolescents, adults, and the elderly,
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and to help identify the optimal antigen and adjuvant dose to be
used in further clinical development in case the H3N2v virus
threat increases. Here we present results from a planned interim
analysis at Day 43; safety and antibody data from a 12-month
follow-up will be presented separately.

METHODS

Study Design and Objectives
This phase I multicenter, randomized, observer-blind, dose-
ranging study was conducted in 11 centers in the United States.
The protocol was approved by appropriate Institutional Review
Boards, and the study was conducted in accordance with the
principles of the Declaration of Helsinki and Good Clinical
Practice. Before enrolment, written informed consent was ob-
tained from subjects ≥18 years and from the parent/guardian
of younger participants. Subjects from 4 stratified age cohorts
(3–<9 years, 9–<18 years, 18–<65 years, and ≥65 years of
age) were randomized (1:1:1) to receive 2 vaccinations, 3
weeks apart, of 1 of 3 H3N2c vaccines: 3.75 µg hemagglutinin
antigen (HA) of H3N2v with 0.125 mL MF59 (the half-dose
group), 7.5 µg HA of H3N2v with 0.25 mL MF59 (the full-
dose group), or 15 µg HA of H3N2v without MF59 adjuvant
(the nonadjuvanted group). Subjects were randomized using a
web-based randomization system. The study was performed in
2 parts: adult/elderly subjects (≥18 years) were vaccinated first,
and pediatric subjects (3–<18 years) were vaccinated following a
safety review. This allowed vaccination of younger age cohorts
only in the absence of any safety concerns in the older cohorts.

Participants
Eligible study participants were healthy males and females aged
≥3 years. The main exclusion criteria were: a history of or on-
going chronic or progressive disease, or any illness that posed
additional risk to the subjects; a history of allergy to any vaccine
component; confirmed or suspected illness from H3N2v swine
flu; a body temperature >38°C or any acute illness within 3 days
of study vaccination; receipt of vaccine containing H3N2v swine
flu virus; receipt of a seasonal influenza vaccine 2 weeks prior to
enrolment or intention to receive seasonal influenza vaccine up
to Day 43 of the study; receipt of any other vaccine 2 weeks (for
inactivated vaccines) or 4 weeks (for live vaccines) prior to en-
rolment or intention to receive any vaccine within 4 weeks from
the study vaccinations; or an impaired or altered immune sys-
tem. Female subjects of childbearing age could not be pregnant
at the time of enrolment, and had to commit to the use of
adequate birth control measures for at least 3 weeks after the
second study vaccination.

Vaccines
The cell-culture-derived subunit inactivated monovalent MF59-
adjuvanted or nonadjuvanted H3N2c vaccines (Novartis Vaccines,

Holly Springs, NC) were based on purified surface antigens
(HA) from the H3N2v A/Minnesota/11/2010 influenza strain,
based on published methods for pandemic influenza vaccine
[6]. Vaccines were supplied for injection in a prefilled syringe
containing 0.5 mL fluid, with a half dose ring mark, and stored
between 2°C and 8°C. A full dose of MF59 (Novartis Vaccines,
Marburg, Germany) contains 9.75 mg squalene, 1.175 mg poly-
sorbate 80, 1.175 mg sorbitan trioleate, 0.66 mg sodium citrate,
and 0.04 mg citric acid. The half-dose regimen used the same
prefilled syringes and MF59 formulation as the full-dose regi-
men, but only half the volume was administered. Vaccines
were administered as intramuscular injections in an observer-
blind fashion by designated unblinded site staff. The investiga-
tor and all other study personnel remained blinded to study
treatment.

Safety Assessment
After each vaccination, subjects were observed for 30 minutes to
monitor for immediate adverse reactions. Solicited local and
systemic adverse events (AEs) were recorded by the subject or
their parent/guardian on a diary card for 7 days after each vac-
cination. Solicited local reactions included: injection site indu-
ration, erythema, ecchymosis (all ages); injection site tenderness
(subjects <6 years only) or injection site pain (subjects ≥6 years
only). Solicited systemic reactions in subjects <6 years of age
were change in eating habits, sleepiness, irritability, vomiting,
diarrhea, and fever (body temperature ≥38.0°C); in subjects
≥6 years of age they were nausea, generalized myalgia, general-
ized arthralgia, headache, fatigue, loss of appetite, malaise, vom-
iting, diarrhea, and fever. Reports of unsolicited AEs and
serious AEs (SAEs) were collected throughout the study to
Day 43. The investigators assessed the AEs for severity and re-
lation to study vaccines. The severity of AEs was categorized as
mild (transient with no limitation in normal daily activity),
moderate (some limitation in normal daily activity), or severe
(unable to perform normal daily activity). Assessments of the
causal relationship of AEs to the study vaccines were classified
as not related, possibly related, or probably related.

Immunogenicity Assessment
Blood was drawn from each subject on Day 1 right before prim-
ing, Day 22 before boosting, and on Day 43. Antibody titers
were determined by a hemagglutination inhibition (HI) assay,
according to standard methods [7] at the Novartis Vaccines lab-
oratory in Marburg, Germany.

Immunogenicity Objectives
The primary immunogenicity objective was to evaluate HI an-
tibody responses for each H3N2c vaccine group, in terms of the
percentage of subjects with HI titer ≥40 on Days 1, 22, and 43;
and the percentage of subjects achieving seroconversion on
Days 22 and 43. Seroconversion is defined as an HI titer ≥40
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for subjects with a baseline HI titer <10, or a minimum 4-fold
increase in HI titer for subjects with a baseline HI titer ≥10. The
secondary immunogenicity objectives were to evaluate immu-
nogenicity defined by the Center for Biologics Evaluation Re-
search and Review (CBER) and the Committee for Medicinal
Products for Human Use (CHMP) criteria [8, 9]. The CBER
criteria for seroconversion and HI titers ≥40 were applied for
subjects <65 years or ≥65 years, while the CHMP criteria for
seroconversion, HI titers ≥40, and geometric mean ratio
(GMR) were applied for subjects 18–60 years or ≥61 years.
As no specific CHMP criteria are established for the pediatric
population, criteria for adult subjects (18–60 years) were
applied instead.

Statistical Analyses
A total of 600 subjects were to be enrolled into the 4 age cohorts
with about 150 subjects in each, approximately 50 subjects for
each age and vaccine group. There were 200 subjects planned in
total for each vaccine group. Assuming a 15% dropout rate, 170
eligible subjects were considered sufficient to provide a descrip-
tive summary of the safety and immunogenicity for each vac-
cine group, based on previous monovalent pandemic vaccines
[6, 10]. No formal statistical hypotheses were tested for the im-
munogenicity and safety data. The percentages of subjects
achieving seroconversion and with HI titers ≥40, with their
2-sided 95% Clopper-Pearson confidence intervals (CIs), were
summarized for each vaccine group and time point, overall and
within each age cohort. Log10-transformed geometric mean ti-
ters (GMTs) and GMRs and their 95% CIs were determined
using analysis of covariance with factors for vaccine group,
age group, and center and a covariate for the effect defined by
the log-transformed prevaccination antibody titer. Immunoge-
nicity analyses were performed on the full analysis set (FAS),
which included subjects who received at least 1 dose of study
vaccination and provided evaluable serum samples at both
prevaccination and at least 1 postvaccination time points. The
safety set included all enrolled subjects who received a study
vaccination and had either postvaccination adverse event or
reactogenicity records.

RESULTS

A total of 627 healthy subjects 3 to≥65 years were enrolled from
20 May 2013 through 12 September 2013. Overall, 624 subjects
received at least 1 dose of assigned H3N2c vaccine, and 94%
(198 of 211 subjects in half-dose group), 96% (204 of 212 sub-
jects in full-dose group), and 97% (197 of 204 subjects in the
nonadjuvanted group) completed the study to Day 43, respec-
tively (Figure 1). There were no imbalances in the demographic
and baseline characteristics across the 3 vaccine groups except
for the proportion of enrolled females, which was lower in the

full-dose group (48% vs 58% in the half-dose group and 55% in
the nonadjuvanted group) (Table 1).

Safety
Overall, solicited AEs were reported at a lower frequency in sub-
jects receiving the nonadjuvanted formulation. Among the
MF59-adjuvanted vaccines, the highest local reactogenicity
rates were observed in the full-dose group (Table 2 and Supple-
mentary Table 1). After any vaccination, the most frequently re-
ported local reaction in subjects <6 years was tenderness (55%),
and among patients ≥6 years it was injection site pain (53%);
the most frequently reported systemic reactions were malaise
and irritability (21%) among subjects <6 years and fatigue
(28%) among patients ≥6 years. In addition, the frequency of
subjects reporting solicited AEs was higher following the first
than the second vaccination (62% vs 48%) (Table 2).

Spontaneously reported adverse reactions were reported in a
total of 23% of subjects, and were higher among those who re-
ceived the nonadjuvanted vaccine (28% vs 21% in the MF59-
adjuvanted formulations). In 7% of cases, unsolicited AEs
were considered to be possibly or probably related to study vac-
cine, and were reported with a similar frequency in all vaccine
groups. SAEs including 1 death were reported in a total of 2
cases (<1%: hepatic enzymes increased and breast cancer),
none of them possibly or probably related to vaccinations.
Finally, 4 AEs causing premature withdrawal accounted for
1% of cases overall; 3 were reported in the MF59-adjuvanted
groups (1%), and 1 (<1%) in the nonadjuvanted group.

Immunogenicity
In the overall population aged ≥3 years, the proportions of sub-
jects with baseline (Day 1) HI titers ≥40 against the H3N2v ho-
mologous virus strain were 41%, 46% and 44% in the half-dose,
full-dose, and nonadjuvanted vaccine groups, respectively
(Table 3). Three weeks after the first vaccination (Day 22), al-
most all subjects achieved HI titers ≥40 regardless of the
H3N2c vaccine received (average 95% across groups); 3 weeks
after the second vaccine dose (Day 43) there was a slight in-
crease in percentages of subjects with HI titers ≥40 (average
99% across groups). Seroconversion rates followed a similar
trend, with percentages ranging from 71% to 89% across
H3N2c vaccine groups at Day 22 after the first vaccine dose.
There was a slight increase in seroconversion at Day 43 for
MF59-adjuvanted vaccines (84% and 93% in the half-dose
and full-dose groups, respectively), while the percentage in
the nonadjuvanted group increased from 71% to 79%. There
were substantial increases in HI GMTs following vaccination
that were maximal after the first dose (GMRs: 9.6, 14.0, and
7.8 for the half-dose, full-dose, and nonadjuvanted groups, re-
spectively), with a slight increase after the second vaccination
(GMRs: 12.0, 18.0, and 10.0 for the half-dose, full-dose, and
nonadjuvanted groups, respectively). At both postvaccination
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Figure 1. Study design and subject disposition.

Table 1. Study Population Demographics and Baseline Characteristics

3.75 μg-Half MF59
(N = 211)

7.5 μg-Full MF59
(N = 212)

15 μg-No MF59
(N = 204) Total (N = 627)

Age, mean ± SD (years) 32.6 ± 26.8 33.2 ± 27.4 33.9 ± 28.5 33.2 ± 27.5
Gender, n (%)

Female 122 (58) 102 (48) 112 (55) 336 (54)

Male 89 (42) 110 (52) 92 (45) 291 (46)
Weight, mean ± SD (kg) 58.3 ± 25.5 55.7 ± 25.7 57.6 ± 27.0 57.2 ± 26.0

Height, mean ± SD (cm) 153.9 ± 22.5 152.6 ± 23.6 153.2 ± 23.7 153.2 ± 23.2

BMI, mean ± SD (kg/m²) 23.0 ± 5.8 22.2 ± 5.8 22.8 ± 5.9 22.7 ± 5.9
Had previous influenza vaccination, n (%) 136 (64) 133 (64) 120 (59) 389 (62)

Abbreviations: BMI, body mass index; SD, standard deviation.
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time points, the increase in GMTs was lower for subjects receiv-
ing the nonadjuvanted vaccine compared with those receiving
MF59-adjuvanted vaccines (Figure 2). All H3N2c vaccines
met the CBER or CHMP licensure criteria after either 1 or 2
doses (Table 3).

We further analyzed the effect of prevaccination HI titers on
immune response (Table 4). We observed that subjects with
baseline HI titers ≥10, <40, or ≥40 had a strong immune re-
sponse following 1 and 2 doses regardless of the administered
vaccine, and all met the CBER or CHMP licensure criteria. Sim-
ilarly, the percentage of subjects with prevaccination HI titers
<10 who achieved HI titers ≥40 after 1 dose was high among
those receiving adjuvanted vaccines (94% [95% CI, 81–99] for
the half dose, and 97% [95% CI, 87–100] for the full dose, re-
spectively). However, the proportion in the nonadjuvanted
group was 73% (95% CI, 58–85), which does not meet CBER
licensure criteria, and a second vaccination was needed.

Analyses of immunogenicity outcomes stratified by age co-
horts showed similar patterns to the overall population follow-
ing vaccination, but with striking differences between age

cohorts prevaccination (Table 5; Figure 2). The average percent-
age of subjects with baseline HI titers ≥40 was much lower
among children 3 to <9 years (7%–14% across vaccine groups)
than in adolescents 9 to <18 years (44%–59%), adults 18 to <65
years (58%–67%), or the elderly ≥65 years (46%–55%). Howev-
er, the response to vaccination was much stronger in children
than in the other age cohorts: the percentage with HI titers
≥40 was 96%–100% after 1 and 2 doses of MF59-adjuvanted
vaccines. Following 1 dose of nonadjuvanted vaccine, the
percentage of children with HI titers ≥40 was 78% (95% CI,
63–88), which does not meet CBER licensure criteria, while 2
doses induced HI titers ≥40 at a frequency comparable to
MF59-adjuvanted vaccines (96%; 95% CI, 86–99).

Immune responses in the adolescent group (9 to <18 years)
were the highest of all the age cohorts, with brisk increases in
GMTs (Figure 2) and a high rate of HI titers ≥40 and serocon-
version after the first dose regardless of the H3N2c vaccine re-
ceived. These responses did not improve after the second dose
(Table 5). In adult and elderly subjects (18 to <65 years and ≥65
years), the immune response was slightly poorer than in

Table 2. Overview of Solicited Adverse Events and Other Indicators of Reactogenicity in the Overall Population During a 7-day Period
Following the First Vaccination and Second Vaccination

After First Vaccination After Second Vaccination

3.75 μg-Half
MF59

(N = 204)

7.5 μg-Full
MF59

(N = 207)

15 μg-No
MF59

(N = 200)
Total

(N = 611)

3.75 μg-Half
MF59

(N = 195)

7.5 μg-Full
MF59

(N = 196)

15 μg-No
MF59

(N = 197)
Total

(N = 588)

Any reaction, n (%) 124 (61) 153 (74) 103 (52) 380 (62) 95 (49) 98 (50) 90 (46) 283 (48)

Local reactions, n (%) 102 (50) 129 (62) 78 (39) 309 (51) 79 (41) 88 (45) 65 (33) 232 (39)

Systemic reactions, n (%) 80 (39) 93 (45) 65 (33) 238 (39) 56 (29) 56 (29) 51 (26) 163 (28)
Other reactions, n (%) 15 (7) 21 (10) 7 (4) 43 (7) 6 (3) 8 (4) 9 (5) 23 (4)

Table 3. Percentage of Subjects (95% CI) With HI Titers ≥40 at Day 1, Day 22 and Day 43, Percentage of Subjects Achieving
Seroconversion at Day 22 and 43, and GMRs

3.75 μg-Half MF59 7.5 μg-Full MF59 15 μg-No MF59

Subjects with HI titers ≥40, % (95% CI) N= 194–209 N = 203–211 N = 199–203

Day 1 41 (34–48) 46 (39–53) 44 (37–51)

Day 22 97 (93–99)a,b 100 (97–100)a,b 90 (85–94)a,b

Day 43 98 (96–100)a,b 100 (98–100)a,b 97 (94–99)a,b

Seroconversion, % (95% CI) N= 194 N = 203 N = 199

Day 22 79 (72–84)a,b 89 (84–93)a,b 71 (64–77)a,b

Day 43 84 (78–88)a,b 93 (88–96)a,b 79 (73–85)a,b

GMRs, (95% CI) N= 194–200 N = 203–205 N = 199–201

Day 22/Day 1 9.6 (8.0–12)b 14 (12–17)b 7.8 (6.4–9.4)b

Day 43/Day 1 12 (10–15)b 18 (15–22)b 10 (8.3–12)b

Seroconversion was defined as HI titers ≥40 for subjects with a baseline HI titer <10 or a minimum 4-fold increase in HI titer for subjects with a baseline HI titer ≥10.
Abbreviations: GMR, geometric mean ratio; HI, hemagglutination inhibition.
a Outcomes meet the Center for Biologics Evaluation and Research (CBER) licensure criteria (for both subjects 18 to 65 years and >65 years) [9].
b Outcomes meet the European Committee for Proprietary Medicinal Products (CHMP) licensure criteria (for both subjects 18 to 60 years and >60 years) [8].

76 • JID 2015:212 (1 July) • Johnson et al



children and adolescents, especially in elderly subjects (Figure 2),
who showed the lowest seroconversion rates of all age cohorts
(Table 5). In both older cohorts, the rates of HI titers ≥40 and
seroconversion were comparable between MF59-adjuvanted vac-
cines and slightly lower for the nonadjuvanted vaccine. There was
no benefit of a second dose in older cohorts regardless of the
H3N2c vaccine received (Table 5). Except for the single dose of
nonadjuvanted vaccine in children, CBER and CHMP licensure
criteria were met for all age cohorts in each of the 3 H3N2c vac-
cine groups after 1 and 2 doses (Table 5).

Subgroups of age cohorts with prevaccination HI titers <40
were calculated to assess whether adjuvanted A/H3N2v vac-
cines have any benefit for inducing specific immunity in naive
populations of different ages: these confirmed that the adju-
vanted vaccines achieved CBER criteria after a single dose in
all ages, while for the nonadjuvanted vaccine, children 3 to <9
years and adults 18 to <65 years only reached that response cri-
teria after the second dose (Supplementary Table 2). The sec-
ond dose conferred more benefit to the nonadjuvanted group.

DISCUSSION

This is the only study of adjuvanted H3N2v vaccines in the ge-
neral US population, and the first data on H3N2v vaccines in

pediatric subjects. We evaluated the safety and immunogenicity
of 3 MF59-adjuvanted or nonadjuvanted cell-culture-derived
H3N2c monovalent subunit vaccines in healthy children, ado-
lescent, adult, and elderly subjects. The percentages of all sub-
jects with HI titers ≥40 ranged between 90% and 100% after a
single dose across all 3 H3N2c vaccine groups, which slightly
increased to 97%–100% after 2 doses. This pattern was also ob-
served with seroconversion rates, which ranged between 71%
and 89% after 1 dose, and increased up to 79%–93% after a sec-
ond dose across the 3 vaccine groups.

Overall, the immune responses induced by the H3N2c vac-
cines were similar to those described for licensed pandemic
2009 (A/H1N1) swine influenza vaccines across all age cohorts,
including children and the elderly [11–13]. In our study, 1 dose
of MF59-adjuvanted H3N2c vaccine (regardless of the HA con-
tent) or nonadjuvanted H3N2c vaccine generated similar
responses at all ages except in children 3 to <9 years, who need-
ed 2 doses of the latter in order to achieve comparable immu-
nogenicity. Also in parallel with pandemic A/H1N1 vaccines
[11–15], MF59-adjuvanted H3N2c vaccines were more immu-
nogenic than nonadjuvanted H3N2c vaccine in all age cohorts.
Notably, among MF59-adjuvanted H3N2c vaccines, the full
dose induced slightly higher rates of seroconversion and HI
titers ≥40 than the low dose. The fact that MF59-adjuvanted

Figure 2. Geometric mean antibody titers (GMTs) measured by hemagglutination inhibition assay against the A/H3N2v homologous strain at baseline
and 3 weeks after the first (Day 22) and second (Day 43) vaccine doses. GMTs and their 95% confidence intervals were determined using analysis of
covariance with factors for vaccine group, age group, and center and a covariate for the effect defined by the log-transformed prevaccination antibody titer.
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Table 4. Percentage of Subjects (95% CI) With HI Titers ≥40 at Day 1, Day 22 and Day 43, Percentage of Subjects Achieving Seroconversion at Day 22 and 43, and GMRs According to
Baseline HI Titers

Baseline HI

3.75 μg-Half MF59 7.5 μg-Full MF59 15 μg-No MF59

<1:40 ≥1:40 <1:10 ≥1:10 <1:40 ≥1:40 <1:10 ≥1:10 <1:40 ≥1:40 <1:10 ≥1:10

Percentages (95% CI) of Subjects With HI Titers ≥40

N = 123 N = 86 N = 43 N= 166 N = 114 N = 97 N = 40 N = 171 N = 114 N = 89 N = 45 N= 158

Day 1 0 (0–3) 100 (96–100) 0 (0–8) 52 (44–60) 0 (0–3) 100 (96–100) 0 (0–9) 57 (49–64) 0 (0–3) 100 (96–100) 0 (0–8) 56 (48–64)

Day 22 94 (88–97)a,b 100 (96–100)a,b 94 (81–99)a,b 97 (93–99)a,b 99 (95–100)a,b 100 (96–100)a,b 97 (87–100)a,b 100 (98–100)a,b 82 (74–89)a,b 100 (96–100)a,b 73 (58–85)b 95 (90–98)a,b

Day 43 97 (92–99)a,b 100 (96–100)a,b 97 (85–100)a,b 99 (96–100)a,b 100 (97–100)a,b 100 (96–100)a,b 100 (91–100)a,b 100 (98–100)a,b 96 (90–99)a,b 100 (96–100)a,b 95 (85–99)a,b 98 (94–100)a,b

Percentages (95% CI) of Subjects with Seroconversion

N = 114 N = 86 N = 36 N= 164 N = 111 N = 94 N = 39 N = 166 N = 113 N = 88 N = 45 N= 156

Day 22 89 (81–94)a,b 65 (54–75)a,b 94 (81–99)a,b 75 (68–81)a,b 96 (91–99)a,b 81 (71–88)a,b 97 (87–100)a,b 87 (81–92)a,b 78 (69–85)a,b 63 (52–73)a,b 73 (58–85)a,b 71 (63–78)a,b

Day 43 93 (86–97)a,b 71 (60–81)a,b 97 (85–100)a,b 81 (74–86)a,b 98 (94–100)a,b 86 (77–92)a,b 100 (91–100)a,b 91 (85–95)a,b 89 (82–94)a,b 67 (56–76)a,b 95 (85–99)a,b 75 (67–81)a,b

Geometric Mean ratios (95% CI)

N = 123 N = 86 N = 43 N= 166 N = 114 N = 97 N = 40 N = 171 N = 114 N = 89 N = 45 N= 158

Day 22/Day 1 16 (12–20)b 5.0 (3.9–6.4)b 33 (21–52)b 7.3 (6.1–8.9)b 25 (20–33)b 7.1 (5.5–9.0)b 43 (27–70)b 11 (9.0–13)b 11 (8.7–14)b 4.9 (3.9–6.3)b 15 (10–24)b 6.3 (5.2–7.7)b

Day 43/Day 1 22 (17–29)b 5.4 (4.3–6.9)b 68 (46–99)b 8.6 (7.1–10)b 37 (29–48)b 7.9 (6.3–10)b 103 (70–152)b 12 (10–14)b 15 (12–20)b 5.8 (4.6–7.3)b 32 (22–45)b 7.3 (6.1–8.9)b

Seroconversion was defined as HI titers ≥40 for subjects with a baseline HI titer <10 or a minimum 4-fold increase in HI titer for subjects with a baseline HI titer ≥10.
Abbreviations: GMR, geometric mean ratio; HI, hemagglutination inhibition.
a Outcomes meet the Center for Biologics Evaluation and Research (CBER) licensure criteria (for both subjects 18 to 65 years and >65 years) [9].
b Outcomes meet the European Committee for Proprietary Medicinal Products (CHMP) licensure criteria (for both subjects 18 to 60 years and >60 years) [8].

Table 5. Percentage of Subjects (95% CI) With HI Titers≥40 at Day 1, Day 22 and Day 43, and Percentage of Subjects Achieving Seroconversion at Day 22 and 43, and GMRs According to Age
Group (Years)

3.75 μg-Half MF59 7.5 μg-Full MF59 15 μg-No MF59

3 to 9 9 to 18 18 to <65 ≥65 3 to 9 9 to 18 18 to <65 ≥65 3 to 9 9 to 18 18 to <65 ≥65

Percentages (95% CI) of Subjects With HI Titers ≥40
Day 1 8 (2–19) 44 (31–59) 58 (43–71) 55 (40–69) 7 (2–18) 59 (44–72) 67 (53–79) 52 (37–66) 14 (6–27) 49 (35–63) 67 (52–80) 46 (32–61)

Day 22 96 (85–99)a,b 100 (93–100)a,b 98 (90–100)a,b 92 (81–98)a,b 98 (90–100)a,b 100 (93–100)a,b 100 (93–100)a,b 100 (93–100)a,b 78 (63–88)b 98 (90–100)a,b 88 (75–95)a,b 96 (87–100)a,b

Day 43 100 (92–100)a,b 100 (93–100)a,b 98 (89–100)a,b 96 (86–100)a,b 100 (93–100)a,b 100 (93–100)a,b 100 (93–100)a,b 100 (93–100)a,b 96 (86–99)a,b 100 (93–100)a,b 98 (89–100)a,b 96 (86–100)a,b

Percentages (95% CI) of Subjects with Seroconversion

Day 22 96 (85–99)a,b 89 (77–96)a,b 75 (60–86)a,b 56 (41–70)a,b 98 (90–100)a,b 98 (89–100)a,b 89 (77–96)a,b 71 (57–83)a,b 71 (57–83)a,b 85 (72–93)a,b 67 (52–80)a,b 61 (46–74)a,b

Day 43 100 (92–100)a,b 94 (84–99)a,b 84 (71–93)a,b 57 (42–71)a,b 100 (93–100)a,b 98 (89–100)a,b 92 (81–98)a,b 80 (66–90)a,b 92 (80–98)a,b 91 (79–97)a,b 71 (56–83)a,b 64 (49–77)a,b

Geometric Mean ratios (95% CI)

Day 22/Day 1 22 (15–32)b 14 (9.8–19)b 7.8 (5.6–11)b 3.8 (2.7–5.2)b 33 (23–47)b 15 (10–22)b 11 (8.2–16)b 6.6 (4.8–9.3)b 11 (7.5–16)b 13 (8.9–18)b 5.4 (3.8–7.5)b 5.1 (3.7–7.1)b

Day 43/Day 1 59 (43–81)b 18 (13–25)b 7.3 (5.4–9.7)b 3.8 (2.8–5.2)b 82 (62–109)b 21 (15–30)b 9.6 (7.2–13)b 6.6 (4.8–8.9)b 23 (17–31)b 14 (10–20)b 6.3 (4.6–8.4)b 5.9 (4.4–8.1)b

Seroconversion was defined as HI titers ≥40 for subjects with a baseline HI titer <10 or a minimum 4-fold increase in HI titer for subjects with a baseline HI titer ≥10.
Abbreviations: GMR, geometric mean ratio; HI, hemagglutination inhibition.
a Outcomes meet the Center for Biologics Evaluation and Research (CBER) licensure criteria (for both subjects 18 to 65 years and >65 years) [9].
b Outcomes meet the European Committee for Proprietary Medicinal Products (CHMP) licensure criteria (for both subjects 18 to 60 years and >60 years) [8].
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H3N2c vaccines are more immunogenic relative to nonadju-
vanted H3N2c vaccine is of further clinical and epidemiological
interest given MF59 adjuvant enhances functional antibody re-
sponses, including a higher virus-neutralizing capacity against
pandemic strains [16].

Of note, the overall proportion of subjects who had HI titers
≥40 against H3N2v virus at baseline was between 41%–46%,
which is in accordance with rates reported in previous seroepi-
demiological studies conducted in Norway, the United States,
and Canada [17–19]. This phenomenon has been attributed
to the presence of serum cross-reactive antibodies to H3N2v in-
duced by prior exposure to related nonvariant human seasonal
H3N2 strains circulating from the early 1990s [20, 21]. More-
over, and also in agreement with previous reports [17–19], we
found that the seroprevalence of cross-reactive antibodies was
age-dependent, with the rates of seropositivity much lower
among children 3 to <9 years (7% to 14% across vaccine groups),
and a progressive increase in adolescents, adults, and the elderly
(44% to 67% across vaccine groups and age cohorts). This could
be explained by the lack of exposure to these circulating nonvar-
iant H3N2 viruses of children born after the late 1990s. Coupled
with available epidemiologic data, this raises the possibility that
baseline immunity may have a protective role against infection
with H3N2v virus strain in older age cohorts [22].However, fur-
ther research is warranted in order to see whether natural expo-
sure is correlated with actual protection against H3N2v, as has
been previously described for 2009 pandemic influenza A
H1N1 infection [23, 24]. Moreover, the observed early and ro-
bust rise in HI antibodies induced by a single dose of H3N2v
vaccines could be due to the recruitment of preexisting cross-
reactive memory B cells [25]. Actually, in our study, only
subjects who had baseline HI titers <10, and who received non-
adjuvanted H3N2c vaccine, needed a second dose to achieve a
titer level above 40. This coincides with the observation that
subjects 3 to <9 years need a second dose of nonadjuvanted
H3N2c vaccine, and suggests that this is a consistent phenom-
enon in naive subjects.

The safety results of the present study are also in agreement
with previous clinical trials, large observational surveillance stud-
ies, and meta-analyses conducted with seasonal and pandemic A
(H1N1) MF59-adjuvanted vaccines [11–13, 26–28]. As also pre-
viously reported elsewhere, the oil-in-water adjuvanted vaccines
showed the highest rates of solicited local and systemic adverse
events, predominately of mild or moderate severity, but without
an apparent increase of unsolicited AEs or SAEs [11, 12].

From a regulatory perspective, a single dose of MF59-adju-
vanted H3N2c vaccine (either full or half dose) was sufficient
to meet all US (CBER) and European (CHMP) licensure criteria
for pandemic influenza vaccines in all age populations. The
nonadjuvanted H3N2c was comparable, but required 2 doses
to achieve CBER criteria in children <9 years or in subjects
with baseline HI titers <10.

This dose-ranging Phase 1 study has limitations that must be
acknowledged. First, it was descriptive and not designed to
compare safety and immunogenicity of different H3N2c vac-
cines, and thus enrolled a limited number of subjects in each
vaccine and age cohort. Second, the interim data presented pre-
vent an accurate assessment of delayed or infrequent adverse
events after immunization, which may be assessed through
long-term follow-up.

In summary, this study demonstrated that MF59-adjuvanted
H3N2c vaccines with 3.75 and 7.5 µg H3N2v HA content in-
duced effective immune responses meeting CBER criteria with
a single dose at all ages. Nonadjuvanted H3N2c vaccine with 15 µg
H3N2v HA content generated similar immunogenicity after a sin-
gle dose in all ages except children, who may require a second
dose. Together with an acceptable safety and tolerability profile,
these data support further clinical development of MF59-
adjuvanted H3N2c vaccines for target pediatric populations.
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