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REVIEW

Immunogenicity of influenza vaccine in elderly people: a systematic review and
meta-analysis of randomized controlled trials, and its association with real-world
effectiveness
Ziyan Menga,b, Jiayou Zhanga,b, Jinrong Shia,b, Wei Zhaoa,b, Xiaoyuan Huanga,b, Li Chengc, and Xiaoming Yang a,d

aNational Institute of Engineering Technology Research in Combination Vaccines, Wuhan, China; bWuhan Institute of Biological Products 430207,
Wuhan, China; cCenter for Evaluation and Inspection of Hubei Food and Drug Administration, Wuhan, China; dChina National Biotech Group
Company Limited, Beijing, China

ABSTRACT
Background: Older people (≥60 years old) are particularly vulnerable to influenza virus infection, and
vaccine is effective in reducing the disease burden in this population. However, it remains obscure
whether their antibody response is lower than those of younger adults (18–60 years old). Thus, this
meta-analysis was performed to compare the immunogenicity of influenza vaccines and understand
their association with real-world vaccine effectiveness (VE) between these two age groups.
Methods: A systematic literature search was conducted to identify relevant studies from Jan 01, 2008 to
Nov 10, 2018. These are randomized controlled trials that included older adult samples, which assessed
the immunogenicity of inactivated quadrivalent influenza vaccines produced in embryonated eggs. We
excluded the studies focused only in children or adults. The outcomes were seroprotecton rate (SPR) and
seroconversion rate (SCR).
Results: Six studies were eventually included in the present meta-analysis (7,976 participants). For the
SPR, the pooled risk ratio (RR) was 0.92 (95% CI: 0.90–0.94, I2 = 66%, P < .0001) for A/H1N1 and 0.94 (95%
CI: 0.90–0.98, I2 = 91%, P = .002) for B/Victoria, and the antibody responses of A/H3N2 and B/Yamagata
were similar in the two age groups. For the SCR, the pooled RR was 0.85 (95% CI: 0.76–0.94, I2 = 93%,
P = .003), 0.77 (95% CI: 0.66–0.91, I2 = 94%, P = .002), and 0.83 (95% CI: 0.71–0.96, I2 = 94%, P = .02) for A/
H1N1, B/Victoria and B/Yamagata, respectively, and the antibody responses of A/H3N2 were similar in
the two groups. Some variations were found in the antibody responses across virus types and subtypes
after influenza vaccination.
Conclusion: The SPR and SCR of older adults were lower than those in younger adults for A/H1N1 and
B/Victoria, while the two age groups had similar antibody responses for A/H3N2. The antibody responses
to vaccines were not significantly associated with real-world VE, indicating that antibody response might
not fully reflect the vaccine effectiveness of A/H3N2.
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Introduction

The elderly are disproportionately affected by influenza-related
diseases and complications, and influenza vaccines are effective
in reducing disease burden even in this population.1,2 Frailty is
one of the main factors attenuating antibody titer and avidity
upon vaccination.3 However, whether older adults produce
lower antibody responses than younger adults with seasonal
influenza virus strains after vaccination remains largely obscure.

In order to assess the efficacy of influenza vaccines, hemag-
glutination inhibition (HAI) assay has been employed as a
surrogate to evaluate whether an influenza vaccine could be
approved, utilizing standardized reagents (e.g.: standard sera)
to quantify influenza-specific antibody titers, which is solely
based on antibody responses.4 However, the results of anti-
body response (HAI) are not always able to accurately predict
the vaccine effectiveness (VE) in subsequent seasons or con-
tinuous seasons. The test-negative design (TND) case-control
study emerged as a valid approach to estimate influenza

vaccine effectiveness.5 Accumulating evidence suggests that
substantial variation does exist in VE across virus types and
subtypes. The subtype with highest VE is A/H1N1, whereas
the lowest VE is A/H3N2 in adults (aged ≥18). For the A/
H3N2 strains, the VE of older adults is confirmed to be 7%
lower than adults. For A/H1N1 or B strains, there are no
significant differences between older adults and adults.6–14 A
meta-analysis has reported that QIV has similar antibody
responses for the three common strains of A/H1N1, A/
H3N2 and B lineage included in the TIV.15 Thus, there is an
intriguing question how antibody response is associated with
the real-world VE, and how this is affected by aging.

Standard-dose quadrivalent influenza vaccine (QIV) is the
only available vaccine that could cover all four seasonal influ-
enza strains in circulation (A/H1N1, A/H3N2, B/Victoria and
B/Yamagata). Various advisory bodies have suggested that
high-dose vaccines or adjuvant vaccines may provide better
protection for the elderly age group, when compared to a
standard-dose of influenza vaccine, but these two types of
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vaccines are not always available in some countries such as
China.16-19Recent data showed that cell-cultured QIV was
significantly more effective than egg-based QIV, high-dose
and adjuvanted trivalent vaccines in preventing influenza-
related office visits.20 Since increasing number of countries
and regions have recently gained access to quadrivalent inac-
tivated influenza vaccines, it becomes feasible to assess the
differences between these two age groups in response to
vaccination of QIV. Remarkably, the subjects of standard-
dose TIV regarded as control group in randomized controlled
trials (RCTs) of QIV would be compared to estimate the
differences of antibody responses between the two age groups.
In this study, based on meta-analysis of RCTs of QIV, we have
comparatively investigated antibody responses and their asso-
ciation with real-world VE between older and adults.
Although there are different definitions of old age across
various studies, in order to ensure the rigor of age grouping
of subjects included in this study, we defined people aged ≥60
as older adults and people aged 18–60 as younger adults.

Methods

Search strategy, selection criteria and data extraction

The present study was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) criteria, 21 and the study protocol was
registered in the PROSPERO international prospective regis-
ter of systematic reviews (CRD42018117088).

A systematic literature search was conducted on electronic
databases (Medline, Cochrane Library [Wiley], Web of
Science) to identify relevant studies between January 01,
2008 and November 10, 2018. ClinicalTrials.gov was manually
searched for the relevant registered clinical trials. The key-
words we searched included “influenza vaccine,” “quadriva-
lent influenza vaccine,” “randomized control trial,” “frail
elderly.” Studies included in the aggregate data meta-analysis
are RCTs, which included older adults, assessed the immuno-
genicity of inactivated QIV produced in embryonated eggs,
and all vaccines used in the study were standard-dose vac-
cines. Studies only focused on children or younger adults were
excluded. The Cochrane Collaboration’s Risk of Bias Tool
built in RevMan software was employed to assess the quality
of the included studies.22

Two reviewers (JR Shi and W Zhao) independently per-
formed data extraction and assessment of potential risk of
bias. Disagreements between the two reviewers were settled
by discussion, and a third reviewer (ZY Meng) would arbi-
trate when the discussion did not resolve the disputed points.
Extracted data included demographics of the participant
population, interventions and vaccine strains, type of study,
and vaccine manufacturers.

Definitions and outcomes

The seroprotection rate (SPR) and seroconversion rate (SCR)
were employed to measure the immunogenicity of A/H1N1,
A/H3N2, B/Victoria and B/Yamagata in both the quadrivalent
and trivalent influenza vaccine groups. However, the primary

outcome in this meta-analysis was the different pooled anti-
body responses (SPR and SCR) between the two groups. The
secondary outcome was the association of pooled immuno-
genicity data (SPR and SCR) to real-world VE, and this was
used to determine whether the trend of antibody response of
virus types and subtypes was similar to VE (highest in A/
H1N1 and lowest in A/H3N2).6–14

The experimental group and the control group were also
different according to the exploration factors. When compar-
ing the differences of antibody differences between older
adults and adults, the SPR/SCR data of immunogenicity of
adults were the references group. When comparing the differ-
ences between different subtypes after vaccination, for exam-
ple, to explore the differences between A/H1N1 and A/H3N2,
the data of A/H3N2 strains were the references group.

Statistical analysis

Chi-square tests were first performed on each of the included
studies to determine how far these different studies differed in
the responses to the same virus types. The pooled data are
expressed by risk ratios (RRs) that can be quantified as sig-
nificant (RR value: ≤0.5 or ≥2.0).23 Then, the pooled RRs were
conducted for SPR and SCR, and their corresponding 95%
confidence intervals (95% CI). A random-effects model
(DerSimonian-Laird method) was used when there was high
heterogeneity in the data.24 Otherwise, fixed-effects model
was chosen.

The heterogeneity between studies was assessed by using I2

statistics, and be quantified as low (≤25%), moderate (25%-
50%), and high (>50%), 25,26 and subgroup analyses were
performed by region (Europe, Asia, and USA), manufacturer
(Sanofi Pasteur, Jiangsu GDK, Abbott Biologicals B.V and M/s
Cadila Healthcare Limited, India) and study time (2013, 2017,
and 2018). A sensitivity analysis was performed by the time of
collecting blood samples. A study that collected blood samples
at 28 days after the inoculation, 27 with all the other included
studies collected blood samples at 21 days after the vaccina-
tion. P < .05 was set as the threshold for statistical signifi-
cance. Chi-square tests were performed using IBM SPSS 22.0,
and all meta-analysis were conducted using the RevMan 5.3
software by the Cochrane Collaboration.28

Results

Risk assessment, literature search and characteristics of
the eligible studies

The flow diagram for the selection of studies and the quality
of the included literatures are summarized in Figure 1 and
supplement data (figure S1), and all of them are controlled
high-quality clinical study. A total of 309 unduplicated pub-
lications were identified, and eight studies26,29-35 met the pre-
determined inclusion criteria, namely those RCTs studies
assessed the antibody responses of inactivated standard-dose
QIV produced in embryonated eggs, and the research objects
included older adults. Regretfully, there were two studies that
the required information was not included in their original
publications. But we did not receive responses after contacting
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the authors.32,33 Hence, these studies were eventually excluded
from the aggregate data meta-analysis. Furthermore, one
study lacks the data of TIV.32 All the six studies (7,976
participants) include in this meta-analysis were conducted in
the northern hemisphere: three studies originated from
Europe, two studies came from Asia (China and India), and
one study hailed from North America (Table 1).

Meta-analysis of immunogenicity

The results for the pooled RRs of SPR and SCR for the four
strains in the two age groups are presented in Figures 2a
and 2b. For the SPR of the A/H1N1 strain, the pooled SPR
RR was 0.92 (95% CI: 0.90–0.94, I2 = 66%, P < .0001). For
the B/Victoria lineage, the pooled SPR RR was 0.94 (95%
CI: 0.90–0.98, I2 = 91%, P = .002). For the A/H3N2 strain
and B/Yamagata lineages, the SPR (P = .07 and 0.14,
respectively) was similar in the two age groups. For SCR
of the comparison between older (≥60 years old) and
younger adults (18–60 years old), the pooled SCR RRs
was 0.85 (95% CI: 0.76–0.94, I2 = 93%, P = .003) for the
A/H1N1 strain, 0.77 (95% CI: 0.66–0.91, I2 = 94%,
P = .002) for the B/Victoria lineage, and 0.83 (95% CI:
0.71–0.96, I2 = 94%, P = .02) for the B/Yamagata lineage.
For the A/H3N2 strain, the pooled data in the two groups
were similar (p = .07). Interestingly, the RRs ranged from
0.77 to 0.94, indicating that there was no significant asso-
ciation between aging and antibody responses.

The association between antibody responses and real-
world vaccine effectiveness

Interestingly, mild variations were found in SPR and SCR
across virus types and subtypes after influenza vaccination,
which was different to the real-world VE.6 Especially for the
A/H3N2 strain, compared to the A/H1N1 strain, the pooled
SPR RR was 1.04 (95% CI: 1.02–1.06, I2 = 84%, P < .0001) in

the overall population (all subjects), and 1.07 (95% CI: 1.04–
1.11, I2 = 84%, P < .0001) in the elderly population (Figure 3),
indicating that the SPR of the A/H3N2 strain was slightly
higher, when compared to that of the A/H1N1 strain, which
mismatch with the real-world VE. Furthermore, the P-values
of the antibody responses (SPR and SCR) of all other compar-
isons (such as the SPR and SCR of A/H1N1 vs. B and A/H3N2
vs. B, and the SCR of A/H3N2 vs. A/H1N1) were greater than
0.05. Hence, these had similar antibody responses (data not
shown).

Subgroup analysis and sensitivity analysis

Chi-square test revealed that after vaccination, the antibody
responses (SPR and SCR) in elderly people were not always
the same as those produced by younger adults in different
studies. For example, for A/H3N2 strains, no significant dif-
ferences were found in the SPR reported by Greenberg29 and
Wang, 26 which hints that the titer of antibody produced by
the older adults group was similar to that produced by the
younger adults group. Furthermore, there was a significant
difference in the results of Pepin, 30 Sesay, 31 Sharma,33 and
Witte32 (Table S1).

Subgroup analyses revealed that the differences of regions,
manufactures or study time are likely not the factors causing
heterogeneity (data not shown). As shown in table S1, there
were always differences for the same virus strains among
different studies. Remarkably, similar to data in table S1, the
antibody responses also vary for the same strains among
different studies with different vaccine manufacturers (table
S2). However, the sensitivity analysis revealed that the sam-
pling time was a heterogeneity source. For the SPR of the A/
H3N2 strain, after removing a study, 26 I2 decreased from 66%
to 0%, and the P-value decreased from 0.15 to <0.001, becom-
ing statistically significant. For SCR, the change in A/H3N2
was similar to SPR, and there were few effects on the other
comparison.

Figure 1. The risk of bias summary for each included study.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3



Ta
bl
e
1.

Su
m
m
ar
y
of

st
ud

y
ch
ar
ac
te
ris
tic
s.

St
ud

y
(y
ea
r)
,R

ef
.

[P
ub

lic
at
io
n
da
te
s]

Ty
pe

of
st
ud

y

To
ta
ln

um
be
ro
f

su
bj
ec
ts

ra
nd

om
iz
ed
/

va
cc
in
at
ed
(N
)

Va
cc
in
e
st
ra
in
s
in

Q
IV

Va
cc
in
e
st
ra
in
s
in

TI
V

Co
un

tr
y

Va
cc
in
e

m
an
uf
ac
tu
re
r

Et
hn

ic
ity
(%

)

G
re
en
be
rg

10
[2
01
3]

op
en
-la
be
l

ph
as
e
II

59
0

A/
Br
is
ba
ne
/5
9/
20
07
[H
1N

1]
TI
V-
Vi
c:
A/
Br
is
ba
ne
/5
9/
20
07

[H
1N

1]
U
ni
te
d
St
at
es

Sa
no

fi
Pa
st
eu
r

Sw
ift
w
at
er
,P

A,
U
SA

W
hi
te

(8
8.
8)

As
ia
n
(0
.3
5)

ot
he
rs

(1
0.
85
)

A/
U
ru
gu

ay
/7
16
/2
00
7
[H
3N

2]
A/
U
ru
gu

ay
/7
16
/2
00
7
[H
3N

2]
B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Fl
or
id
a/
04
/2
00
6[
B/
Ya
m
]

TI
V-
Ya
m
:

A/
Br
is
ba
ne
/5
9/
20
07
[H
1N

1]
A/
U
ru
gu

ay
/7
16
/2
00
7
[H
3N

2]
B/
Fl
or
id
a/
04
/2
00
6[
B/
Ya
m
]

Pé
pi
n1

2
[2
01
3]

do
ub

le
-b
lin
d
fo
r
Q
IV

gr
ou

p
op

en
-la
be
lf
or

TI
V/
Ya
m

gr
ou

p
ph

as
e
III

1,
56
5

A/
Ca
lif
or
ni
a/
07
/2
00
9[
H
1N

1]
TI
V-
Vi
c:

A/
Ca
lif
or
ni
a/
07
/2
00
9[
H
1N

1]
Fr
an
ce

G
er
m
an
y

Sa
no

fi
Pa
st
eu
r

W
hi
te

(9
8.
7)

As
ia
n
(0
.5
)

ot
he
rs

(0
.8
)

A/
Vi
ct
or
ia
/2
10
/2
00
9
[H
3N

2]
A/
Vi
ct
or
ia
/2
10
/2
00
9
[H
3N

2]
B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Fl
or
id
a/
04
/2
00
6[
B/
Ya
m
]

TI
V-
Ya
m
:

A/
Ca
lif
or
ni
a/
07
/2
00
9[
H
1N

1]
A/
Vi
ct
or
ia
/2
10
/2
00
9
[H
3N

2]
B/
Fl
or
id
a/
04
/2
00
6[
B/
Ya
m
]

W
an
g1

5
[2
01
7]

do
ub

le
-b
lin
d

Ph
as
e
III

1,
83
2

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
TI
V-
Vi
c:
A/
Ca
lif
or
ni
a/
7/
20
09

[H
1N

1]
Li
an
yu
ng

an
g
Ci
ty

fr
om

Ch
in
a

Q
IV
:J
ia
ng

su
G
D
K
Bi
ot
ec
hn

ol
og

y
Co

.,
Lt
d,

Ch
in
a

TI
V:
Ch

an
gs
he
ng

Bi
ol
og

y
Sc
ie
nc
e
&

Te
ch
no

lo
gy

Co
.L
td
,C

hi
na

W
hi
te

(0
)

As
ia
n
(1
00
)

ot
he
rs

(0
)

A/
Sw

itz
er
la
nd

/9
71
52
93
/2
01
3

[H
3N

2]
A/
Sw

itz
er
la
nd

/9
71
52
93
/2
01
3

[H
3N

2]
B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Ph

uk
et
/3
07
3/
20
13
[B
/Y
am

]
TI
V-
Ya
m
:

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
A/
Sw

itz
er
la
nd

/9
71
52
93
/2
01
3

[H
3N

2]
B/
Ph

uk
et
/3
07
3/
20
13
[B
/Y
am

]
Se
sa
y1

3
[2
01
8]

do
ub

le
-b
lin
de
d
fo
r
Q
IV

gr
ou

p
an
d
TI
V/
Ya
m

si
ng

le
-b
lin
de
d
fo
r
TI
V/
Vi
c

ph
as
e
III

2,
22
5

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
TI
V-
Vi
c:
A/
Ca
lif
or
ni
a/
7/
20
09

[H
1N

1]
Fr
an
ce
,

G
er
m
an
y

Po
la
nd

Sa
no

fi
Pa
st
eu
r,

Ly
on

,
Fr
an
ce

W
hi
te

(9
9.
14
)

As
ia
n
(N
A)

ot
he
rs

(0
.8
6)

A/
Te
xa
s/
50
/2
01
2
[H
3N

2]
A/
Te
xa
s/
50
/2
01
2
[H
3N

2]
B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
M
as
sa
ch
us
et
ts
/2
/2
01
2[
B/

Ya
m
]

TI
VY

am
:

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
A/
Te
xa
s/
50
/2
01
2
[H
3N

2]
B/
M
as
sa
ch
us
et
ts
/2
/2
01
2[
B/

Ya
m
]

W
itt
e1

3
[2
01
8]

do
ub

le
-b
lin
d

Ph
as
e
III

1,
98
0

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
TI
V/
Vi
c:
A/
Ca
lif
or
ni
a/
7/
20
09

[H
1N

1]
Be
lg
iu
m

G
er
m
an
y

H
un

ga
ry

La
tv
ia

Li
th
ua
ni
a

Ab
bo

tt
Bi
ol
og

ic
al
s
B.
V

W
hi
te
(9
9.
5)

As
ia
n(
0.
2)

O
th
er
s(
0.
3)

A/
Te
xa
s/
50
/2
01
2[
H
3N

2]
A/
Te
xa
s/
50
/2
01
2[
H
3N

2]
B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

B/
M
as
sa
ch
us
et
ts
/2
/2
01
2[
B/

Ya
m
]

TI
V/
Ya
m
:

A/
Ca
lif
or
ni
a/
7/
20
09
[H
1N

1]
A/
Te
xa
s/
50
/2
01
2[
H
3N

2]
B/
M
as
sa
ch
us
et
ts
/2
/2
01
2[
B/

Ya
m
]

Sh
ar
m
a
[2
01
8]

si
ng

le
bl
in
d

ph
as
e
II/
III

35
0

A/
Ca
lif
or
ni
a/
7/
20
09
/[
H
1N

1]
TI
V-
Ya
m
:

In
di
an

Q
IV
:M

/s
Ca
di
la
H
ea
lth

ca
re

Li
m
ite
d,

In
di
a

TI
V:

Sa
no

fi
Pa
st
eu
r
In
di
a
Pr
iv
at
e

Li
m
ite
d

W
hi
te
(0
)

As
ia
n(
10
0)

O
th
er
s(
0)

A/
Sw

itz
er
la
nd

/9
71
52
93
/2
01
3

[H
3N

2]
A/
Ca
lif
or
ni
a/
7/
20
09
/[
H
1N

1]

B/
Br
is
ba
ne
/6
0/
20
08
[B
/V
ic
]

A/
Sw

itz
er
la
nd

/9
71
52
93
/2
01
3

[H
3N

2]
B/
Ph

uk
et
/3
07
3/
20
13
[B
/Y
am

]
B/
Ph

uk
et
/3
07
3/
20
13
[B
/Y
am

]

Q
IV
:q

ua
dr
iv
al
en
t
in
flu
en
za

va
cc
in
e;
TI
V:

tr
iv
al
en
t
in
flu
en
za

va
cc
in
e;
Al
lt
he

Q
IV

an
d
TI
V
w
er
e
st
an
da
rd
-d
os
e

N
A:

N
ot

av
ai
la
bl
e

W
hi
te
:C

au
ca
si
an

an
d
H
is
pa
ni
c
w
er
e
in
cl
ud

ed
.

4 Z. MENG ET AL.



Discussion

There were three important findings in the present meta-
analysis. Firstly, the antibody responses (SPR and SCR) of
older adults were found to be lower than those of younger
adults after influenza vaccination for A/H1N1 strains and B/
Victoria lineages. Furthermore, the elderly had a lower SCR
for B/Yamagata lineages, and the two age groups had similar
antibody responses for the A/H3N2 strain. Secondly, limited
variations were found in antibody responses across virus types
and subtypes after influenza vaccination, which was a

different trend compared to that of real-world VE. Finally,
in the present meta-analysis, the pooled RRs ranged from 0.77
to 0.94, revealing no significant association between aging and
antibody responses. This might explain the inevitability of
why different studies often have different results for the
same virus in the four virus strains.

The antibody responses of the A/H3N2 strain were found
to be not below or even above the A/H1N1 strain and B
lineage (B/Victoria and B/Yamagata), but the real-world VE
of A/H3N2 was the lowest.9–14,16,17 These different trends hint

Figure 2. (a) The seroprotection rate (SPR) of older vs. younger adults for the four virus strains after vaccination (SPR was defined as the percentage of participants
with a HAI titer of ≥40). (b) The seroconversion rate (SCR) of older vs. younger adults for the four strains after vaccination (SCR was defined as the percentage of
those with either a pre-vaccination HAI titer of <10 and a post-vaccination HAI titer of ≥40, or a pre-vaccination HAI titer of ≥10 and a ≥ fourfold increase in HAI titer
after vaccination).

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5



that antibody responses to vaccine were not significantly
associated with real-world VE, which is consistent with pre-
vious studies.36–38 In addition, studies that revealed that vac-
cinated elderly subjects, who developed laboratory-confirmed
influenza illness due to A/H3N2 strain infection, had similar
A/H3N2-specific antibody titers following vaccination, when
compared to subjects who did not develop laboratory-con-
firmed influenza illness.39–41 Furthermore, a meta-analysis
included 5,210 participants showed that there were markedly
different VE between A/H1N1 and B lineage.12 However, the
antibody responses between A/H1N1 and B lineage were
similar in our findings. Those indicate that the antibody

responses measured by antibody responses only might not
fully reflect the real-world VE of A/H3N2 strains. Some
studies have reported that the immune function gradually
declined with age, including the reduction in antibody
response after immunization and more reliance on T-cell
mediated response.42–44 However, this did not conflict with
the present findings that no significant association between
aging and antibody responses were derived from the overall
population of studies.

A high heterogeneity was observed in the meta-analysis.
Hence, a random effects model was used. The reason for the
heterogeneity in the present meta-analysis may be that the

Figure 2. (Continued).
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vaccines had different virus strains with different production
processes, and there were variations in the HAI assay
responses of subjects due to the different historical exposures
to natural infection or vaccination. For the sensitivity analysis,
after carefully reviewing the study26 and its chi-square test
results, it was found that the antibody responses (SPR and
SCR) of A/H3N2 in elderly people might be enhanced over
time. Furthermore, the plateau for antibody responses in older
adults may occur later, when compared to younger adults,
which indicates that the postponement sampling time from
day 21 to day 28 might be a useful tip to increase the odds of

success in clinical trials for influenza vaccines in older adults.
Nevertheless, the major findings of the present meta-analysis
are unlikely as a result of the heterogeneity and bias, since the
magnitude and direction of any bias would be similar for each
virus strain, permitting valid comparisons to be conducted
among them.

A few potential limitations of the present meta-analysis
should be noted. First, the reporting bias was not conducted
due to the insufficient number of studies included.
Furthermore, to our knowledge, some companies did not
publish the relevant data for reasons of confidentiality or

Figure 3. Comparison of seroprotection rates (SPRs) across virus types and subtypes after influenza vaccine vaccination (SPR was defined as the percentage of
participants with a HAI titer of ≥4.
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being unknown reasons, and not all potential data contribu-
tors shared their complete data. That is, the investigators
consider that a reporting bias exists. Furthermore, all the
included studies were conducted in the northern hemisphere
in the present aggregate data meta-analysis, and this insuffi-
cient coverage might limit the universality of the present
findings. Finally, the source of the samples was volunteers,
instead of the natural population. This means that there was a
certain selection bias.

Seasonal influenza vaccination is associated with a signifi-
cant reduction in influenza-specific hospitalizations, especially
in elderly people with underlying chronic diseases, 45 and
improving the influenza vaccine coverage rates remains a
very important goal for this age group. At present, the vaccine
coverage for a population of over 65 years old was still below
the 75-80% target, 46 even in some highly developed countries
or regions.47–50 Furthermore, egg-based influenza vaccine
production cannot simply satisfy the global demand.
Although high-dose and adjuvant influenza vaccines have
been preferentially recommended, 1–3 the contents of antigen
in high-dose vaccines were 4-folds of a standard-dose vaccine,
and the MF-59 adjuvant had patent restrictions, which would
inevitably limit their coverage. A meta-analysis of five RCTs
concluded that QIV has equivalent efficacy against the shared
three strains in TIV.15 Therefore, the QIV may be the best
option for many regions, and the present meta-analysis pro-
vides significant references for many advisory bodies and drug
evaluation and approval agencies.

Further studies are needed to determine whether the post-
ponement of sampling time from 21 to 28 days could increase
the antibody responses in the elderly people. This might be
helpful to increase the odds of success in clinical trials for
influenza vaccines in the elderly population. Furthermore, it
was found that the antibody responses only measured by HAI
assay (antibody response) might not fully reflect the VE of A/
H3N2 strains. Therefore, adding valuable additional informa-
tion, such as virus neutralization assay51 or the ratio of inter-
feron (IFN)-γ (pro-inflammatory) to interleukin (IL)-10 (anti-
inflammatory) of peripheral blood mononuclear cells, 39,52

may be practical to further improve the accuracy of the HAI
assay.
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