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ABSTRACT
VaxigripTetra� (Sanofi Pasteur, Lyon, France) is a quadrivalent split-virion inactivated influenza vaccine
(IIV4) containing two B-lineage strains approved in the European Union and Taiwan in 2016 for individuals
� 3 years of age. Here, we describe an observer-blind, randomized, controlled, multicenter trial study
evaluating the immunogenicity and safety of the Northern Hemisphere 2015–2016 formulations of IIV4
and the licensed split-virion trivalent inactivated influenza vaccine (IIV3) in the Republic of Korea
(ClinicalTrials.gov no. NCT02550197). The study included 300 Korean adults 18–60 years of age
randomized 2:1 to receive a single injection of IIV4 or IIV3. For each of the four vaccine strains in IIV4,
21 days after vaccination, geometric mean post-/pre-vaccination ratios of hemagglutination inhibition
titers were � 3.97. Seroconversion/significant increases rates were � 40% for all but the A/H1N1 strain, for
which the rate was 39.7%. Results were similar for the three strains in IIV3. For the additional B-lineage
strain not in IIV3 (Victoria), hemagglutination inhibition antibody titers were higher for IIV4 than for IIV3.
Solicited reactions and adverse events were similar between IIV4 and IIV3, and no serious adverse events
or new safety signals were detected. These results confirm the robust immunogenicity and acceptable
safety of IIV4 in adults 18–60 years of age and show that including a second B-lineage strain should
provide broader protection against B-strain influenza without affecting vaccine safety or the
immunogenicity of other three vaccine strains.
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Introduction

As in other countries, seasonal influenza is associated with
significant morbidity and mortality in the Republic of Korea.
Between 2003 and 2013, influenza was associated with an
average of 2900 excess deaths per year, most of which were
in older people.1 The total socioeconomic burden of seasonal
influenza in the Republic of Korea was estimated at US
$44.7 million in 2007–2008 and US $42.3 million in 2008–
2009.2 Since 1997, the National Immunization Program has
included vaccination against seasonal influenza as a supple-
mentary activity.3 Initial recommendations were to vaccinate
seniors, healthcare workers, persons with conditions that put
them at high risk for influenza complications, and family
members of persons at high risk for influenza complica-
tions.4 The recommendations have been expanded to include
children 6–59 months of age, adults 50–64 years of age, per-
sons with neuromuscular diseases, primary responders to
avian influenza, and persons working on chicken, pig, or
duck farms.4 Although influenza vaccination coverage rates
are around 80% for older adults, the rates are only around

35% for adults 45–64 years of age and 25% for adults
19–44 years of age.5

In the mid-1980s, two distinct genetic lineages of influenza B
virus, Victoria and Yamagata, emerged and, since the 2000s,
they have been co-circulating worldwide.6 However, until
recently influenza vaccines have included only a single B-line-
age strain. Selecting the correct B-lineage strain for each year’s
formulation of trivalent influenza vaccine has been difficult.7-9

To help address co-circulation of the two B-strains lineages, tri-
valent influenza vaccines, which contain a single B-lineage
strain, are gradually being replaced by quadrivalent vaccines
containing B strains from both lineages.9

VaxigripTetra� (Sanofi Pasteur, Lyon, France) is a quadriva-
lent split-virion inactivated influenza vaccine (IIV4) approved
in the European Union and Taiwan in 2016 for individuals
3 years of age and older. Phase III clinical trials10-12 have shown
that IIV4 has been as immunogenic as the comparator split-
virion trivalent inactivated influenza vaccine (IIV3; Vaxigrip�,
Sanofi Pasteur) for each of the three shared strains and superior
for the additional B strain. At the same time, safety profiles
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have been similar. In other words, adding a second B-strain
lineage to IIV3 is expected to provide added coverage against
influenza without affecting immune responses against the origi-
nal three strains and without affecting safety. Here, we describe
a study to confirm the immunogenicity and safety of the North-
ern Hemisphere 2015–2016 formulation of IIV4 in Korean
adults 18–60 years of age.

Results

Participants

The study included 300 participants 18–60 years of age enrolled
at five centers in the Republic of Korea between September 11,
2015 and November 2, 2015. The study was completed on
November 26, 2015. The participants were vaccinated to receive
a single injection of IIV4 (nD 200) or IIV3 (nD 100). All partic-
ipants were vaccinated as randomized, and all completed the
study. All were Asian, and mean ages and sex ratios were similar
for the two vaccine groups (35.9 § 9.1 years, 75% female for
IIV4 and 35.6 § 9.5 years, 71% female for IIV3). Vaccination
with the seasonal influenza vaccines during the previous (2014–
2015) influenza season was reported by 42.5% of participants in
the IIV4 group and 33.0% in the IIV3 group. One participant
(1.0%) in the IIV3 group reported a history of influenza illness
during the previous (2014–2015) influenza season.

Immunogenicity

IIV4 was evaluated in this study according to the former Com-
mittee for Human Medicinal Products (CHMP) Note for Guid-
ance13 in agreement with the Republic of Korea Ministry of
Food and Drug Safety. In the IIV4 group, most participants
(82.9%–99.5%) had detectable baseline hemagglutination inhi-
bition (HAI) titers (� 10) for all four vaccine strains (A/H1N1,
A/H3N2, B Yamagata lineage, and B Victoria lineage). Seropro-
tection rates at baseline were at least 56.3% (A/H3N2) and as
high as 91.5% (B Yamagata lineage) (Table 1). Despite the rela-
tively high baseline immunogenicity against the vaccine strains,
21 days after vaccination with IIV4, HAI geometric mean titers
(GMTs) had increased for each of the four strains by at least
4-fold, and seroprotection rates were at least 98.0% for all
strains. Rates of seroconversion/significant increase in titer
were between 39.7% (A/H1N1) and 72.4% (A/H3N2) in partic-
ipants vaccinated with IIV4.

For all strains in IIV4, geometric mean post-/pre-vaccina-
tion ratios of HAI titers were > 2.5 and seroprotection rates
were > 70%. In addition, seroconversion/significant increase
rates were > 40% for the A/H3N2, B Yamagata-lineage, and B
Victoria-lineage strains, although not for the A/H1N1 strain,
for which the rate was 39.7% (95% confidence interval [CI],
32.8–46.9). Thus, IIV4 met the requirements of the former
CHMP Note for Guidance for influenza vaccines.

Immunogenicity was comparable for the three strains
included in IIV3. For the additional B-lineage strain not
included in IIV3 (B Victoria lineage), HAI geometric mean
antibody titers were higher for IIV4 (737 [95% CI, 651–835])
than for IIV3 (290 [95% CI, 231–364]). Some cross-reactivity
could be detected between the B lineage strains: 23.0% (95% CI,

15.2–32.5) of participants seroconverted or had a significant
increase in titer for the missing B-lineage strain (Victoria), and
the HAI titer increased from baseline by a geometric mean of
2.08 fold (95% CI, 1.75–2.48).

Influence of vaccination the previous year
on immunogenicity

At baseline, participants who were vaccinated the previous year
had higher HAI GMTs and seroprotection rates than partici-
pants who were not vaccinated the previous year (Table S1). In
contrast, after vaccination, participants who were vaccinated
the previous year tended to have lower HAI GMTs than partici-
pants who were not vaccinated the previous year. Regardless,
post-vaccination seroprotection rates for IIV4 were at least
97% for all four strains irrespective of whether the participants
had been vaccinated the previous year.

Influence of baseline serological status on immunogenicity

Because few participants had low or undetectable baseline HAI
titers (<10), only the two A strains could be compared by base-
line serological status (Table S2). After vaccination, participants
with detectable baseline titers tended to have slightly higher
HAI GMTs and seroprotection rates than participants with
detectable baseline titers, although confidence intervals over-
lapped in most cases. However, geometric mean post-/pre-vac-
cination titer ratios were lower in participants who had
detectable baseline titers than in participants who did not.

Safety and reactogenicity

The most common solicited reactions to both vaccines were
injection-site pain, myalgia, malaise, and headache (Table 2).
Few participants (<7%) reported shivering, fever, injection-site
erythema, injection-site swelling, or injection-site induration,
and none reported injection-site ecchymosis. Most solicited
reactions were grade 1, and few participants reported grade 3
reactions (< 2% per reaction type). All solicited reactions
resolved within a maximum of 5 days. Similar proportions of
participants vaccinated with the two vaccines reported solicited
reactions as defined by the study protocol (Table 2) and the for-
mer CHMP Note for Guidance (Table 3).

Adverse events (AEs) considered to be related to vaccination
were recorded for two participants vaccinated with IIV4, both
of whom had moderate vaginal hemorrhage. No immediate
AEs, serious adverse events (SAEs), adverse events of special
interest (AESIs), or AEs leading to discontinuation were
reported.

Discussion

This study, performed in the Republic of Korea, showed that
the 2015–2016 Northern Hemisphere formulation of IIV4 was
highly immunogenic and well tolerated in adults 18–60 years of
age. Although most participants in this study had high pre-
existing antibodies, HAI titers increased, on average, by at least
4-fold for each of the four vaccine strains in IIV4. In addition,

588 W. S. CHOI ET AL.



Ta
bl
e
1.

H
AI

an
tib

od
y
re
sp
on
se
.

IIV
4

IIV
3

CH
M
P

A/
H
1N

1
A/
H
3N

2
B
Ya
m
ag
at
a-
lin
ea
ge

(B
/P
hu
ke
t)

B
Vi
ct
or
ia
-li
ne
ag
e

(B
/B
ris
ba
ne
)

A/
H
1N

1
A/
H
3N

2
B
Ya
m
ag
at
a-
lin
ea
ge

(B
/P
hu

ke
t)

B
Vi
ct
or
ia
-li
ne
ag
e

(B
/B
ris
ba
ne
)

M
ea
su
re

D
ay

cr
ite
rio

na
N
D

19
9

N
D

19
9

N
D

19
9

N
D

19
9

N
D

99
N
D

99
N
D

99
N
D

10
0

H
AI

G
M
T
(9
5%

CI
)

0
14
2
(1
16
,1
74
)

41
.6
(3
4.
1,
50
.9
)

25
6
(2
12
,3
09
)

18
6
(1
56
,2
20
)

11
6
(8
6.
1,
15
5)

35
.8
(2
7.
2,
47
.0
)

21
9
(1
66
,2
90
)

13
9
(1
07
,1
80
)

21
58
3
(5
16
,6
58
)

48
3
(4
06
,5
74
)

10
68

(9
50
,1
20
0)

73
7
(6
51
,8
35
)

65
1
(5
50
,7
71
)

69
1
(5
43
,8
81
)

11
05

(9
33
,1
30
8)

29
0
(2
31
,3
64
)

H
AI

tit
er
<

10
,n

(%
)

0
11

(5
.5
)

34
(1
7.
1)

3
(1
.5
)

1
(0
.5
)

6
(6
.1
)

20
(2
0.
2)

1
(1
.0
)

2
(2
.0
)

G
M
TR

(9
5%

CI
)

21
/0

>
2.
5

4.
1
(3
.3
0,
5.
09
)

11
.6
(9
.1
6,
14
.7
)

4.
17

(3
.4
9,
4.
98
)

3.
97

(3
.3
0,
4.
78
)

5.
64

(4
.0
9,
7.
76
)

19
.3
(1
3.
9,
26
.8
)

5.
04

(3
.8
1,
6.
67
)

2.
08

(1
.7
5,
2.
48
)

Se
ro
pr
ot
ec
tio

nb
,%

(9
5%

CI
)

0
83
.4
(7
7.
5,
88
.3
)

56
.3
(4
9.
1,
63
.3
)

91
.5
(8
6.
7,
94
.9
)

89
.4
(8
4.
3,
93
.3
)

78
.8
(6
9.
4,
86
.4
)

55
.6
(4
5.
2,
65
.5
)

87
.9
(7
9.
8,
93
.6
)

85
.0
(7
6.
5,
91
.4
)

21
>

70
%

99
.5
(9
7.
2,
10
0.
0)

98
.0
(9
4.
9,
99
.4
)

10
0.
0
(9
8.
2,
10
0.
0)

10
0.
0
(9
8.
2,
10
0.
0)

10
0.
0
(9
6.
3,
10
0.
0)

99
.0
(9
4.
5,
10
0.
0)

10
0.
0
(9
6.
3,
10
0.
0)

97
.0
(9
1.
5,
99
.4
)

Se
ro
co
nv
er
si
on

or
si
gn

ifi
ca
nt

in
cr
ea
se

c
21
/0

>
40
%

39
.7
(3
2.
8,
46
.9
)

72
.4
(6
5.
6,
78
.5
)

48
.7
(4
1.
6,
55
.9
)

46
.2
(3
9.
2,
53
.4
)

46
.5
(3
6.
4,
56
.8
)

84
.8
(7
6.
2,
91
.3
)

53
.5
(4
3.
2,
63
.6
)

23
.0
(1
5.
2,
32
.5
)

Ab
br
ev
ia
tio

ns
:C
I,
co
nfi
de
nc
e
in
te
rv
al
;C
H
M
P,
Co
m
m
itt
ee

fo
rM

ed
ic
in
al
Pr
od
uc
ts
fo
rH

um
an

U
se

of
th
e
Eu
ro
pe
an

M
ed
ic
in
es

Ag
en
cy
;G

M
T,
ge
om

et
ric

m
ea
n
tit
er
;G

M
TR
,g
eo
m
et
ric

m
ea
n
of
th
e
in
di
vi
du

al
ra
tio

s
of
th
e
po
st
-v
ac
ci
na
tio

n
(d
ay

21
)H

AI
tit
er
di
vi
de
d
by

th
e
pr
e-
va
cc
in
at
io
n
(d
ay

0)
H
AI

tit
er
;H

AI
,h
em

ag
gl
ut
in
at
io
n
in
hi
bi
tio

n;
IIV
3,
tr
iv
al
en
ti
na
ct
iv
at
ed

in
fl
ue
nz
a
va
cc
in
e;
IIV
4,
qu

ad
riv
al
en
ti
na
ct
iv
at
ed

in
fl
ue
nz
a
va
cc
in
e.

a A
cc
or
di
ng

to
th
e
fo
rm

er
CH

M
P
N
ot
e
fo
rG

ui
da
nc
e
(C
PM

P/
BW

P/
21
4/
96
)1
3 .

b
Se
ro
pr
ot
ec
tio

n
w
as

de
fi
ne
d
as

a
H
AI

tit
er
�
40
.

c S
er
oc
on
ve
rs
io
n
w
as

de
fi
ne
d
as

a
pr
e-
va
cc
in
at
io
n
(d
ay

0)
H
AI

tit
er
<

10
an
d
a
po
st
-v
ac
ci
na
tio

n
(d
ay

21
)H

AI
tit
er
�
1:
40
,a
nd

a
si
gn

ifi
ca
nt

in
cr
ea
se

w
as

de
fi
ne
d
as

a
pr
e-
va
cc
in
at
io
n
H
AI

tit
er
�
10

an
d
a
�
4-
fo
ld
in
cr
ea
se

in
H
AI

tit
er
.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 589



IIV4 appeared safe, with no new safety signals and no obvious
differences in reactogenicity compared to IIV3.

IIV4 was evaluated in this study according to the former
CHMP Note for Guidance13 in agreement with the Republic of
Korea Ministry of Food and Drug Safety. IIV4 met the require-
ments for influenza vaccines, although the seroconversion rate
for the A/H1N1 strain was just under the 40% limit. This was
likely due to high baseline antibody titers as a result of previous
vaccinations or natural exposure. Because nearly all partici-
pants had pre-existing antibodies, we were not able to explore
the impact of baseline titers for B strains; however, previous
vaccination resulted in higher baseline titers and lower post-
vaccination titers. We also found that post-vaccination immu-
nogenicity tended to be slightly lower in participants with
pre-existing antibodies, but because nearly all participants had
pre-existing antibodies, we could not reliably assess their
impact. Irrespective of baseline serological or vaccination
status, responses to IIV4 were considered satisfactory.

In children, adolescents, and adults, IIV4 induces non-infe-
rior HAI antibody responses compared to IIV3 for the three
shared strains and a superior response for the additional B

strain lineage.10-12 Similarly, in children, adolescents, and
adults, the quadrivalent live attenuated influenza vaccine indu-
ces non-inferior HAI antibody responses compared to the
licensed trivalent live attenuated vaccine for the three shared
strains, although superiority for the alternate B strain has not
been reported.14,15 In this study, immunogenicity was compara-
ble between IIV4 and IIV3 for the three shared strains of influ-
enza and appeared higher for IIV4 than for IIV3 for the
additional B strain lineage in IIV4 (B Victoria). Therefore,
although we did not perform a statistical analysis of non-inferi-
ority or superiority, the current results appear to be in line with
those from the other studies.

IIV3 appeared to induce some cross-reactivity against the
missing B-Victoria lineage strain. Low-level B-strain cross-
reactivity has been previously documented in adults.11,16 How-
ever, the cross-reactivity found here and in these other studies
was much weaker than the immune response induced by IIV4.
The study also showed that vaccination the previous year
tended to reduce the antibody response to the influenza vac-
cine. Similarly, having pre-existing antibodies appeared to
slightly, but not significantly, reduce lower the antibody

Table 3. Solicited reactions in the former CHMP Note for Guidancea occurring within 3 days of vaccination.

IIV4 IIV3
(N D 200) (N D 100)

Reaction n % (95% CI) n % (95% CI)

Injection-site induration � 50 mm for � 4 consecutive days 0 0.0 (0.0; 1.8) 0 0.0 (0.0; 3.6)
Injection-site ecchymosis 12 6 (3.1; 10.2) 4 4.0 (1.1; 9.9)
Pyrexia (temperature> 38.0�C) for � 24 h 0 0.0 (0.0; 1.8) 0 0.0 (0.0; 3.6)
Malaise 62 31.0 (24.7; 37.9) 40 40.0 (30.3; 50.3)
Shivering 11 5.5 (2.8; 9.6) 6 6.0 (2.2; 12.6)

Abbreviations: CHMP, Committee for Human Vaccines and Medical Products; CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent
inactivated influenza vaccine.

aFormer CHMP Note for Guidance (CPMP/BWP/214/96)13.

Table 2. Proportions participants reporting solicited reactions.

IIV4 IIV3
(N D 200) (N D 100)

Type Reaction Maximum intensity n % (95% CI) n % (95% CI)

Injection site Pain Any 141 70.5 (63.7, 76.7) 64 64.0 (53.8, 73.4)
Grade 3 2 1.0 (0.1, 3.6) 0 0.0 (0.0, 3.6)

Erythema Any 5 2.5 (0.8, 5.7) 3 3.0 (0.6, 8.5)
Grade 3 0 0.0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Swelling Any 7 3.5 (1.4, 7.1) 0 0.0 (0.0, 3.6)
Grade 3 0 0.0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Induration Any 6 3 (1.1, 6.4) 2 2.0 (0.2, 7.0)
Grade 3 0 0.0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Ecchymosis Any 0 0.0 (0.0, 1.8) 0 0.0 (0.0, 3.6)
Grade 3 0 0.0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Systemic Fever Any 1 0.5 (0.0, 2.8) 0 0.0 (0.0, 3.6)
Grade 3 0 0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Headache Any 33 16.5 (11.6, 22.4) 20 20.0 (12.7, 29.2)
Grade 3 3 1.5 (0.3, 4.3) 2 2.0 (0.2, 7.0)

Malaise Any 67 33.5 (27.0, 40.5) 42 42.0 (32.2, 52.3)
Grade 3 3 1.5 (0.3, 4.3) 1 1.0 (0.0, 5.4)

Myalgia Any 102 51.0 (43.9, 58.1) 49 49 (38.9, 59.2)
Grade 3 3 1.5 (0.3, 4.3) 0 0.0 (0.0, 3.6)

Shivering Any 13 6.5 (3.5, 10.9) 6 6.0 (2.2, 12.6)
Grade 3 0 0 (0.0, 1.8) 0 0.0 (0.0, 3.6)

Solicited reactions were recorded by participants up to 7 days after vaccination on diary cards. Erythema, swelling, induration, and ecchymosis were considered grade 1 for �
25 to � 50 mm, grade 2 for � 51 to � 100 mm, and grade 3 for > 100 mm. Fever was considered grade 1 for � 38.0�C to � 38.4�C, grade 2 for � 38.5�C to � 38.9�C,
and grade 3 for � 39.0�C. All other reactions and AEs were considered grade 1 for not interfering with activity, grade 2 for some interference with activity, and grade 3 for
significant, preventing daily activity. Abbreviations: CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IIV4, quadrivalent inactivated influenza vaccine.
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response. In all cases, however, the vaccine was highly
immunogenic.

The study was limited by the relatively small sample size,
which allowed reliable detection of only common AEs (occurring
in > 1% of the study population). In addition, because this was a
confirmatory study, a prospective statistical analysis was not
included, and the population size (300) and randomization ratio
(2:1) were arbitrary. This precludes drawing meaningful conclu-
sions from the statistical analyses, although the results were in
line with the other studies specifically designed to assess non-
inferiority and superiority of immune responses to IIV4 vs. IIV3.

In summary, this study suggested that IIV4 is safe and indu-
ces adequate antibody responses in Korean individuals. The
results also confirm previous findings that including a second B
strain lineage should improve protection against B-strain influ-
enza without affecting vaccine safety and without affecting pro-
tection against the other three vaccine strains. These results
add to the limited data that have been published on the immu-
nogenicity and safety influenza vaccines in Asian populations,
B cross-lineage immunogenicity, and the influence of pre-exist-
ing antibodies and vaccination the previous year on influenza
vaccine immunogenicity.

Patients and methods

Study design

This was an observer-blind, randomized, controlled trial (Clini-
calTrials.gov no. NCT02550197) conducted at five centers in
the Republic of Korea. The objectives of this study were to eval-
uate the immunogenicity and safety of the IIV4 and IIV3
Northern Hemisphere 2015–2016 formulations and the com-
pliance of IIV4 with the requirements of the CHMP former
Note for Guidance CPMP/BWP/214/9613 as requested by the
Republic of Korea Ministry of Food and Drug Safety.

Ethics

The study was approved by each institution’s ethics committee
or review board. The conduct of this trial was consistent with
the standards established by the Declaration of Helsinki and
complied with the International Conference on Harmonization
Guidelines for Good Clinical Practice as well as all local and
national regulations and directives. All participants provided
written informed consent to be included in this trial.

Participants

The study was planned to include 300 adults 18–60 years of age.
Participants could not have received any vaccine in the 4 weeks
preceding the trial vaccination or have planned receipt of any
vaccine during the study; been vaccinated against influenza or
self-reported influenza infection or influenza-like illness in the
previous 6 months; received immune globulins, blood, or
blood-derived products in the past 3 months; be immunode-
ficient or taking immunosuppressive therapy; have a history of
seropositivity for human immunodeficiency virus or hepatitis
C; be hypersensitive to eggs, chicken proteins, or any vaccine
components; have a bleeding disorder or receipt of

anticoagulants in the 3 weeks before inclusion or known or sus-
pected thrombocytopenia contraindicating intramuscular vac-
cination; have febrile illness (temperature � 38.0�C) on the day
of vaccination; or have any illness that could interfere with trial
conduct or completion. Women could not be pregnant or lac-
tating and, if of childbearing potential, had to be abstinent or
using an effective method of contraception from at least 4 weeks
prior to vaccination and until at least 3 weeks after vaccination.

Vaccines

As recommended by the World Health Organization and the
European Union for the 2015–2016 Northern Hemisphere influ-
enza season, each 0.5-ml dose of IIV4 (Sanofi Pasteur) contained
15 mg of hemagglutinin from the A/California/7/2009 (H1N1),
A/South Australia/55/2014 (H3N2), B/Phuket/3073/2013 (Yama-
gata lineage), and B/Brisbane/60/2008 (Victoria lineage) viruses.
Each 0.5-ml dose of IIV3 (Vaxigrip, Sanofi Pasteur) contained
15 mg of hemagglutinin of the same A/H1N1, A/H3N2, and B
Yamagata-lineage viruses. Both vaccines were thimerosal-free,
inactivated, split-virion formulations.

Study conduct

Participants were randomly assigned in a 2:1 ratio to receive one
0.5-ml dose of IIV4 or IIV3 by intramuscular injection into the
deltoid muscle. Blood samples were taken just before the vaccine
was administered (day 0) and 21 § 3 days after vaccination. Par-
ticipants were followed-up for safety for 21 days after vaccination.

Assessment of immunogenicity

The primary immunogenicity endpoint was the HAI titer mea-
sured 21 days post-vaccination. HAI titers were also assessed at
baseline (day 0). HAI titers were measured as described previ-
ously10 at a central location (Sanofi Pasteur, Swiftwater, PA,
USA). Briefly, the highest serum dilution resulting in complete
inhibition of hemagglutination was determined for duplicates
of each sample. The HAI antibody titer for each sample was
calculated as the geometric mean of the reciprocal of the dupli-
cate values. The lower limit of quantitation was set at the recip-
rocal of the lowest dilution used in the assay (10), and the
upper limit of quantitation as the highest dilution used in the
assay (10,240). GMTs, geometric means of the individual titer
ratio (day 21 vs. day 0), seroprotection, and seroconversion/sig-
nificant increase in HAI titer were calculated. Seroprotection
was defined as a HAI titer � 40, seroconversion as a HAI titer
< 10 on day 0 and a post-vaccination HAI titer � 40, and sig-
nificant increase was defined as a HAI titer � 10 on day 0 and
a � 4-fold post-vaccination increase in HAI titer.

Safety and reactogenicity

Unsolicited AEs and SAEs were collected according to the Inter-
national Committee for Harmonization E2A Guideline for Clini-
cal Safety Data Management: Definitions and Standards for
Expedited Reporting.17 Investigators recorded unsolicited AEs,
SAEs and AESIs occurring within 21 days. AESIs included ana-
phylaxis, Guillain-Barr�e syndrome, encephalitis/myelitis, neuritis,
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febrile and non-febrile convulsions, thrombocytopenia, and vas-
culitis. Investigators categorized the relatedness of all unsolicited
AEs, SAEs, and AESIs as “not related” or as “related”.

Participants recorded on diary cards solicited injection-site
reactions (pain, erythema, swelling, induration, ecchymosis) and
solicited systemic reactions (fever, headache, malaise, myalgia,
shivering) occurring within 7 days. Erythema, swelling, induration,
and ecchymosis were considered grade 1 for � 25 to � 50 mm,
grade 2 for � 51 to � 100 mm, and grade 3 for > 100 mm. Fever
was considered grade 1 for � 38.0�C to � 38.4�C, grade 2 for �
38.5�C to � 38.9�C, and grade 3 for � 39.0�C. All other reactions
were considered grade 1 for not interfering with activity, grade 2
for some interference with activity, and grade 3 for significant, pre-
venting daily activity. In addition, reactions listed in the former
CHMP Note for Guidance occurring within 3 days are reported,
including injection site induration � 50 mm and persisting for at
least 4 consecutive days, injection site ecchymosis, temperature >
38�C for� 24 h, malaise, and shivering.

Statistical analysis

Statistical analysis was performed using SAS� version 9.4 (SAS
Institute, Cary, NC, USA). Missing or incomplete data were not
replaced, with the exception that all HAI titers under the lower
limit of quantitation (10) were assigned a value of 5 and all HAI
titers above the upper limit of quantitation (10,240) were
assigned a value of 10,240. Immunogenicity was assessed in all
participants who had received one dose of the study vaccines as
randomized, who had pre- and post-vaccination titers available,
and who met the selection criteria. To calculate GMTs, the
means and 95% CIs were determined from log10-transformed
data using Student’s t-distribution with n¡1 degrees of freedom,
after which antilog transformations were applied to the results of
calculations. Safety was assessed in all participants according to
the vaccine they received. Compliance with former CHMP Note
for Guidance13 for adults 18–60 years of age was assessed and
included at least one of the following: a rate of seroconversion or
significant increase of titer 21 days after vaccination > 40%; a
mean geometric increase from pre- to post-vaccination titers >
2.5; or a rate of seroprotection 21 days after vaccination > 70%.
No formula was used to compute the sample size because no sta-
tistical comparisons were made.
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