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ABSTRACT
Several different vaccines have been produced for human use to prevent the highly pathogenic H5N1 
influenza. Some studies reported that the clinical effectiveness of influenza vaccines in older adults may 
be lower than in younger adults. In this study, a meta-analysis of the immunogenicity of H5N1 influenza 
vaccines in elderly adults was performed. Database search was conducted in EMBASE, PubMed, the 
Cochrane Library, Chinese VIP, Wanfang and CBM. A total of 3951 elderly adults from 10 articles were 
included in the meta-analysis. Compared to a single dose, two doses of H5N1 vaccines resulted in the 
higher seroconversion and seroprotection. For all groups treated with adjuvanted vaccines, there were 
significant increases (1.55- to 2.16-fold) in the seroconversion rates (SCRs) and seroprotection rates (SPRs) 
after two immunizations. Oil-in-water emulsion (OE)-adjuvanted 7.5 μg vaccine caused higher antibody 
responses than 3.75 μg of vaccine (SCR: risk ratio (RR) = 1.26 (1.19, 1.33); SPR: RR = 1.25 (1.14, 1.36)). Elderly 
adults exhibited slightly lower antibody responses only when given 7.5 μg of OE-adjuvanted vaccine (SCR: 
RR = 1.06 (1.01, 1.11)) than younger adults. After treatment with the 7.5 μg of OE-adjuvanted vaccines, the 
most commonly reported adverse events were injection site pain, swelling and erythema, with the 
incidence of 32%, 3% and 2%, respectively, and no serious adverse events were found. These data 
demonstrate that two doses of 7.5 µg of OE-adjuvanted H5N1 vaccine are well tolerated and induce 
a robust antibody response in elderly adults.
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Introduction

The spread of highly pathogenic avian H5N1 and of avain A/ 
H7N9 viruses and their virulence in humans has raised con-
cerns about their potential to cause an influenza pandemic. The 
first reported case of human infection with H5N1 occurred in 
Hong Kong in 1997.1,2 Since then, human cases of H5N1 
influenza have been detected in China, Southeast Asia, West 
Asia, Africa, and Europe.3,4 Epidemiological analysis of the 
H5N1 influenza viruses by the World Health Organization 
(WHO) showed that humans infected with H5N1 viruses had 
a mortality rate of 60%.5

Since vaccination is the main tool that can prevent influenza 
several different vaccines for human use have been produced 
against H5N1 virus and many studies were done with these 
vaccines. One of the first studies that assessed the immuno-
genicity and safety of a unadjuvanted subvirion H5N1 vaccine 
reported that only 58% of participants who were immunized 
with two doses of 90 µg each developed neutralizing antibody 
responses that were predicted to be associated with protection, 
although this vaccine was deemed to be safe.6 To enhance the 
immunogenicity of the H5N1 vaccine, a number of strategies 
have been developed in recent years. The main strategy used 
involves the addition of adjuvants such as aluminum (alum), 
MF59 and AS03 to vaccines. MF59 and AS03 are OE adjuvants 
using biodegradable squalene with additional emulsifying 
agents, which are effective adjuvants for influenza vaccine. 

A meta-analysis conducted by Manzoli et al7 and Guo et al8 

demonstrated that, when administered at 3.75 μg or even lower 
doses, H5N1 vaccine supplemented with an OE adjuvant could 
achieve good seroprotection in healthy adults.

Older adults with poor immunity are at a higher risk of 
morbidity and mortality associated with influenza virus infection 
than younger adults.9–11 Some studies conducted in the United 
States showed that 60% of influenza-associated respiratory hospi-
talizations and over 90% of influenza-associated respiratory mor-
tality involved adults aged ≥65 years.12,13 Vaccination against 
influenza is recommended annually as a key prevention strategy 
for elderly adults and can significantly reduce the incidence of 
influenza.14–17 However, vaccines are less effective in older adults 
because of immunosenescence,18–20 resulting in unproductive 
priming and recall, weakening of helper T-cells and eventual 
skewing of the B-cell repertoire.21 Several studies have found 
that influenza vaccine effectiveness in healthy adults was approxi-
mately 59%, while that in elderly adults was approximately 
49%.22,23 Sobhanie et al.24 showed that the H7N9 vaccine induced 
significantly higher serum antibody titers in younger adults than 
in elderly adults. Comprehensive summaries of the available data 
are required to inform future public health policies regarding the 
use of pandemic influenza vaccines in elderly adults. The purpose 
of this study is to assess the immunogenicity and safety of H5N1 
avian influenza vaccines in older adults in association with various 
adjuvants and doses and in comparison with each other.
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Methods

Search strategy

Two reviewers (Ke Zhang and Xiaoxue Wu) independently 
searched articles in Chinese and English databases. This electro-
nic search was conducted with combinations of the following 
terms: (influenza) AND (H5N1) AND (vaccines OR vaccine OR 
vaccination). Published studies were retrieved from the PubMed, 
Cochrane Library, EMBASE, MEDLINE, VIP, CBM and 
Wanfang databases. All retrievals were implemented by using 
MeSH terms and free word searches (up to January 31, 2020).

Study selection

In terms of design, we included randomized controlled trials 
(RCTs) and controlled before-after studies (CBAs). Articles 
were included in the review if they fulfilled the following 
criteria: (1) reported studies that investigated an H5N1 influ-
enza vaccine, (2) included elderly adults, and (3) assessed anti-
body responses to an H5N1 vaccine. Studies were excluded if 
(1) they included only animal studies, (2) there were no elderly 
participants in the study, (3) they focused on research about 
H5N1 virus mechanisms and antiviral drugs, and (4) they did 
not include an H5N1 influenza vaccine.

Data extraction

Two reviewers (Ke Zhang and Xiaoxue Wu) independently 
extracted data from eligible studies, including data about anti-
body responses (SCR, SPR and geometric mean titer), vaccine- 
related adverse events, study design, subject ages, the number 
of subjects, vaccine type, the use of adjuvants, antigen dose and 
dosage, and the laboratory methods used for the assessment of 
antibody responses. Any disagreements or discrepancies were 
resolved by a third reviewer. The authors were contacted for 
clarification of data when necessary. For the results of percen-
tage of subjects achieving a serum hemagglutination inhibition 
(HI) titer ≥ 1:40 displayed as images without digital data,25 

images were imported into digital software (Engauge Digitizer 
4.1)26 to convert the outlines into x and y coordinates. 
Consequently, the values of percentage were displayed and 
then exported into Excel files.

Assessment of the risk of bias

Study quality, risk of bias, was assessed by the Cochrane 
Handbook 5.1.0. The levels of risk of bias were judged as 
“low risk”, “high risk” and “uncertainty” in the random 
sequence generation, the blinding of participants and person-
nel, the allocation concealment, the blinding of outcome 
assessment, incomplete outcome data, selective reporting, and 
other bias (whether the baseline is comparable).

Assessment of the immunogenicity of the H5N1 vaccine

The antibody responses to the H5N1 vaccines were assessed by 
antibody titers, SCR and SPR. Antibody titers were determined 
by HI and microneutralization (MN) assays, expressed as the 
reciprocal of the highest dilution at which hemagglutination 

was totally inhibited, or 50% neutralization of viral growth was 
achieved. SCR was defined as the proportion of vaccinees with 
either a pre-vaccination HI titer <1:10 and a post-vaccination 
titer ≥1:40 or a pre-vaccination HI titer ≥1:10 and a ≥ 4-fold 
rise in post-vaccination titer; as measured by MN assay, titer < 
1:20 to ≥1:40. SPR was the percentage of participants achieving 
a post-vaccination serum titer of ≥1:40. The immunogenicity 
of the vaccines was estimated according to the criteria given by 
European Committee for Medicinal Products for Human Use 
(CHMP)27 and Center for Biologics Evaluation and Research 
(CBER).28 In elderly adults, if the SCR is ≥ 30% or the SPR ≥ 
60%, the vaccine could be effective, and this supported the 
licensure of pandemic vaccines.

Statistical analysis

Comparison of sub-groups was performed using Review 
Manager 5.3. The RRs and the 95% confidence intervals (CIs) 
were calculated to estimate the differences in the SCR and SPR 
when one or two doses or various adjacent adjuvanted vaccine 
dosages were administered. Estimates of SCR and SPR were 
pooled using Stata12.0 software. A single-rate meta-analysis was 
used to assess the pooled SCR and SPR for two-dose vaccines 
with different adjuvants and the incidence of adverse events. 
Heterogeneity in the meta-analysis was assessed using the I2 

statistic. The fixed-effects model (FEM) was used when 
I2 < 50% (p > .1), which indicated that there was no statistical 
heterogeneity between studies; otherwise, the random-effects 
model (REM) was used after excluding significant clinical hetero-
geneity effects if I2 ≥ 50% (p < .1). Sensitivity analysis was 
conducted to determine stability by deleting each study indivi-
dually. Publication bias analysis was performed using Egger’s test. 
Cohen’s kappa statistics was performed to measure the level of 
agreement between reviewers on the selection of eligible studies.

Results

Literature search

A total of 7679 articles were obtained from the databases. 3116 
duplicates were removed. After two selection rounds for titles 
and abstracts, 75 studies were found to be potentially eligible. 
After assessing the full texts, 10 studies were identified to meet 
the inclusion criteria and focus on the immunogenicity of 
inactivated H5N1 vaccines in elderly adults were retained for 
systematic review and meta-analysis,25,29–37 totaling 3951 
elderly participants (Figure 1). The level of agreement between 
reviewers on the selection of eligible studies is very good 
agreement (kappa = 0.88).

Characteristics of the individual trials

In 729–33,35,36 of 10 included studies, adults aged 61 years or 
older were defined as elderly population, whereas ≥65 years 
and ≥60 years were chosen as age cutoff of elderly adults in 
two25,37 and one34 trails, respectively. The types of H5N1 
vaccines used in the study included inactivated whole-virus, 
split-virion and subunit vaccines. Split virus vaccines contain 
whole inactivated viruses split with detergent, while subunit 
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vaccines are made of purified hemagglutinin (HA) and/or 
neuraminidase (NA). HA and NA are the envelope glycopro-
teins of influenza A viruses. Most neutralizing antibodies 
formed in response to influenza virus are directed toward HA 
responsible for viral attachment to host cells. The vaccine 
antigen was defined as HA,25,29,32–37 or virus surface antigen 
including HA and NA,30,31 with doses ranging from 3.5 µg to 
45 μg. The adjuvants used in these trials included OE adjuvants 
(MF59 and AS03) and alum. Except for one study,36 in which 
three groups were immunized with a single dose, all subjects 
were given two doses. Three studies in which participants were 
treated with two-dose vaccine did not have the data after the 
first dose. For the missing data, we have contacted the authors 
by e-mail. Nobody replied. The immunogenicity of the H5N1 
vaccines was determined on the basis of the SCR and SPR as 
measured by HI or MN assays. The characteristics of the 
included studies are described in Table 1.

Risk of bias assessment

In the ten articles included for meta-analysis, one systematic 
review was at low or moderate risk of bias across most domains 
(Figure 2). One study33 has high risk in random sequence 
generation and allocation concealment. Four trails29,33–35 did 

not perform blindness in participants and personnel, and out-
come assessment. Two studies32,34 did not mention the reason 
for the numbers of participants who were not followed up. 
There is no selective reporting in all studies.

Differences in the SCR and SPR resulting from a single dose 
and two doses

Most inactivated vaccines are poorly immunogenic in naïve 
subjects, and two doses of a vaccine are required to elicit 
a robust immune response.38,39 In this review, except for one 
study,36 in which three groups were immunized with a single 
dose of alum-adjuvanted vaccines, all subjects were given two 
doses. To investigate the effect of the dose on the SCR and SPR 
for antibodies induced by the H5N1 vaccines, the RR and the 
95% CI were calculated using a random-effects model. For all 
adjuvant groups, there were significant increases in the SCR 
and SPR after two immunizations (1.55- to 2.16-fold) when 
compared to a single dose. For the unadjuvanted vaccines, 
differences were found when the antigen dose was 7.5 μg or 
higher (1.19- to 3.11-fold). There were no differences in the 
lower dose groups (3.75 μg) (Table 2). These results indicate 
that two doses of vaccines induce higher antibody responses 
than one dose.

Figure 1. Selection process for articles used in the meta-analysis.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 477



Effects of the H5N1 vaccine dose on the SCR and SPR

In this review, all trails using adjuvanted vaccines25,29–33,35-37 

described higher antibody responses than unadjuvanted 
vaccines.25,34,35,37 Four trails25,34,35,37 assessed the immunogeni-
city of unadjuvanted vaccines, with different vaccine doses ran-
ging from 3.5 to 45 μg. All unadjuvanted vaccines displayed low 
antibody responses in elderly adults and did not meet the CHMP 
or CBER criteria. To investigate the optimal doses of H5N1 
vaccines in elderly adults, we analyzed the differences in the 
SCR and SPR resulting from subsequent doses of the two-dose 
of adjuvanted H5N1 vaccines. For the OE-adjuvanted vaccines, 
the 7.5 μg group showed higher antibody responses than the 
3.75 μg group (SCR: RR = 1.26, 95% CI (1.19, 1.33); SPR: 
RR = 1.25, 95% CI (1.14, 1.36)). No differences were found 
between 7.5 μg and 15 μg OE-adjuvanted vaccines. For alum- 
adjuvanted vaccines, the 7.5 μg group exhibited a similar anti-
body response to the 3.75 μg group. Only when the antigen dose 
increased to 45 µg did the vaccines result in improved immuno-
genicity [SCR: RR = 2.48 (1.18, 5.18); SPR: RR = 2.40 (1.21, 4.57) 
vs 15 μg] (Figure 3).

Effects of different adjuvants on the antibody responses

Adjuvants are used to elevate the immunogenicity of influenza 
vaccines to produce a strong immune response in vivo.40,41 One 
adjuvant was used in nine of 10 included studies, either MF59, 
AS03 or alum, and most vaccine studies used MF59 as an 
adjuvant (5 of 9 studies),30–33,37 three studies used alum25,29,36 

and one used AS03.35 However, in the 9 trials, only two studies 
set up an unadjuvanted-vaccine control (one AS03 and one 
alum).25,35 The AS03-adjuvanted H5N1 vaccine resulted in 
a higher SCR than the unadjuvanted vaccine and resulted in an 
RR of 3.26 (1.96, 5.42) at 3.75 μg and 3.88 (2.25, 6.72) at 7.5 μg 
when two doses of the H5N1 vaccines were administered.35

To investigate the differences in the immunogenicity of 
two-dose of H5N1 vaccines with different adjuvants, the con-
solidated SCR and SPR resulting from different adjuvanted 

vaccines were estimated using a random-effects model. As 
shown in Table 3, for the MF59 adjuvant, the pooled SCRs 
resulting from two doses of MF59-adjuvanted vaccines 
(3.75 μg, 7.5 μg and 15 μg) were 59%, 64% and 70%, respec-
tively, while the pooled SPR for 3.75 μg, 7.5 μg and 15 μg 
MF59-adjuvanted vaccines were 53%, 62% and 65%, respec-
tively. Only the 7.5 μg and 15 μg vaccines met the CHMP or 
CBER criteria, 3.75 μg not. For the AS03 adjuvant, the con-
solidated SCR from two-dose of AS03-adjuvanted vaccines 
(3.75 μg and 7.5 μg) were 72% and 88%, respectively, and the 
SPR were 65% and 79%, respectively. Both 3.75 μg and 7.5 μg 
AS03-adjuvanted vaccines met the CHMP or CBER criteria. 
The alum-adjuvanted vaccines showed low antibody responses, 
with SCR of 8%, 12% and 13% for 3.75 μg, 7.5 μg and 15 μg of 
vaccines, respectively, and did not meet the CHMP or CBER 
criteria. All unadjuvanted H5N1 vaccines did not meet the two 
vaccine production licensing criteria.

The differences in the SCR and SPR between elderly and 
younger adults

Some studies had reported that the clinical effectiveness of 
seasonal influenza vaccines in older adults is lower than 
that in younger adults.18–20,42 To determine whether there 
is a lower immune response after H5N1 vaccination in 
elderly adults as compared with younger adults, we ana-
lyzed the RR of the SCR and SPR resulting from two doses 
of OE-adjuvanted H5N1 vaccines in 1913 younger adult-
sand 2147 elderly adults.30–33,37 As shown in Figure 4, 
elderly adults exhibited slightly lower antibody responses 
to 7.5 μg of inactivated H5N1vaccines than younger adults 
(SCR: RR = 1.06 (1.01, 1.11)). In the 3.5 μg and 15 μg HA 
vaccine groups, no difference in the SCRs was found 
between elderly and younger adults, although one study30 

showed that elderly adults exhibited a lower antibody 
response to 3.5 μg of the H5N1 vaccine than younger 
adults.

Table 1. Characteristics of included trials.

Study Country Design Age (Years) No. Vaccine type (Ag) Dose (μg) + Adjuvant Outcomes

Czajka 201230 Poland, Turkey RCT 18–60 245 Inactivated (HA+NA) 3.75/7.5 + MF59 HI, AES
≥61 306

Vesikari 201231 Finland, Germany RCT 18–60 196 Inactivated (HA+NA) 7.5 + MF59 HI
≥61 201

Bihari 201233 Hungary CBA 18–60 193 Inactivated (HA) 7.5 + MF59 HI, AES
≥61 148

Banzhoff 200932 Italy RCT 18–60 298 Subunit (HA) 7.5/15 + MF59 HI, AES
>60 155

Frey 201937 Australia, New Zealand, USA, Thailand RCT 18–64 981 Subunit (HA) 3.75/7.5 + MF59 HI
≥65 1337

Heijmans 201135 Belgian RCT ≥61 395 Split-virion (HA) 3.75/7.5 HI
3.75/7.5 + AS03 HI

Brady 200925 USA RCT ≥65 597 Subunit (HA) 3.75/7.5/15/45 HI
3.75/7.5/15/45 + Alum HI

Vajo 201036 Hungary RCT 18–60 190 Inactivated (HA) 3.5/6/12 + Alum HI
>60 240 HI

Leroux 200929 Belgium, UK RCT 18–60 300 Split-virion (HA) 7.5 HI
>60 300 30 + Alum

van der Velden 201234 Austria, Finland, Germany RCT 18–59 270 Inactivated (HA) 7.5 MN, AES
≥60 272

Abbreviations: RCT, randomized controlled trial; CBA, controlled before-after study; Ag, antigen; HA, hemagglutinin; NA, neuraminidase; Alum, aluminum; HI, 
hemagglutination inhibition; MN, microneutralization; AES, adverse events.
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Safety assessment

The vaccine-related adverse events were mild to moderate and 
included injection site pain, swelling, erythema, fever, head-
ache and myalgia. We assessed the incidence of local and 

systemic adverse events resulting from OE-adjuvanted vac-
cines. The incidence of pain in participants treated with the 
7.5 μg of H5N1 vaccines, that was the optimal dose for adults 
based on the immunogenicity and safety of vaccines,43–45 was 
32% (95% CI (0, 0.63)), that of swelling was 2% (95% CI (−0.39, 
0.44)) and that of erythema was 3% (95% CI (−0.05, 0.10)). The 
incidence of systemic adverse events, including fever, headache 
and myalgia, was ≤ 11%. All of the H5N1 influenza vaccines 
that were used in the review were well-tolerated without ser-
ious adverse events.

Sensitivity analysis

Sensitivity analysis was performed to check for instability and 
changes in the significance of the estimate of the effect. After 
each study was excluded from the meta-analysis, there was no 
significant shift or change in the level of significance. The 
studies by Vajo et al36 caused a slight shift in the SCR and 
significance for the 3.5–3.75 µg doses of the alum-adjuvanted 
vaccines, but this shift was not considered to be large due to the 
lower limit of the CI (−9.5, 48.9).

Publication bias

Due to the limited body of literature, funnel plots cannot be 
used for an adequate evaluation of the publication bias. Egger’s 
test was used to evaluate the publication bias in regard to 
antibody responses to H5N1 vaccines. The p values were 
greater than 0.05 in Egger’s test at adjuvanted vaccines in 
which most of studies were included, suggesting the absence 
of significant publication bias in the overall meta-analysis.

Discussion

In this study, 10 trials were found to be eligible for a systematic 
review and meta-analysis of antibody responses to inactivated 
H5N1 vaccines in elderly adults. Inactivated virus vaccines, 
including whole virus, split virion and subunit vaccines, with 
different doses of antigen with or without adjuvants were used 
in all the 10 studies. The dose of the vaccine antigen was 
defined on the basis of HA in 8 trials25,29,32–37 and on the 
basis of the virus surface proteins (HA and NA) in 2 
trials.30,31 All adjuvanted vaccines elicited efficient antibody 
responses in elderly adults after two immunizations, with the 
SCR ranging from 33%-88%.25,29–33,35-37

Previous results, in contrast to the seasonal influenza vac-
cines, evidenced that H5N146,47 and H7N948,49 avain influenza 
virus vaccines have exhibited poor immunogenicity against 
HA. At least two doses of vaccine are required to elicit 
a robust immune response to the novel HA. In our meta- 
analysis, the results demonstrated that the SCR and SPR result-
ing from two doses of H5N1 vaccines in elderly adults were 
higher than those resulting from a single dose. Older adults 
vaccinated with two doses of OE-adjuvanted vaccines exhibited 
efficient seroconversion in all dose groups. Most of the 
included studies described inefficient antibody responses in 
a single dose of inactivated H5N1 vaccines and did not meet 
the CBER and CHMP criteria. However, the clinical trial con-
ducted by Heijmans et al.35 described an SCR of 45% resulting 

Figure 2. Summary of risk of bias. Plus signs, yes (low risk of bias); minus signs, no 
(high risk of bias); question marks, results unclear (unclear risk of bias).

Table 2. Differences in the SCR and SPR resulting from a single dose and two 
doses.

SCR SPR

Group Studies (n) RR (95% CI) Studies (n) RR (95% CI)

Adjuvant
3.75 µg 325,30,35 1.87(1.32,2.67) 230,35 2.16(1.05,4.42)
7.5 µg 625,30–33,35 1.94(1.62,2.23) 530–33,35 1.97(1.63,2.39)
15 µg 225,32 1.55(1.17,2.0) 132 1.55(1.13,2.12)
45 µg 125 1.60(1.03,2.48)

No Adjuvant
3.75 µg 225,35 1.42 (0.69, 2.91) 135 1.71(0.73,4.02)
7.5 µg 325,34,35 1.52 (1.27, 1.82) 234,35 1.19(1.04,1.35)
15 µg 125 3.11 (1.07, 9.06)
45 µg 125 1.63 (1.05, 2.53)

Abbreviations: SCR, seroconversion rate; SPR, seroprotection rate; RR, risk ratio; CI, 
confidence interval.
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Figure 3. The differences in the SCR and SPR between different doses of the two-dose vaccines. The differences in the SCR (a) and SPR (b) of antibodies were analyzed 
between adjacent dosages of the two-dose adjuvanted H5N1 vaccines.
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Table 3. Pooled SCR and SPR of antibodies to two-dose vaccines with different adjuvants.

SCR SPR

Group Studies (n) Rate (95% CI) Studies (n) Rate (95% CI) CHMP CBER

3.75 µg
No adjuvant 225,35 0.13(−0.03,0.29) 225,35 0.13(−0.13,0.29) NO NO
MF59 230,37 0.59(0.50,0.68) 230,37 0.53(0.49,0.56) SCR SCR
AS03 135 0.72(0.65,0.79) 135 0.65(0.58,0.73) SCR/SPR SCR/SPR
Alum 125 0.08(0.00,0.15) 125 0.16(0.06,0.26) NO NO
7.5 µg
No adjuvant 425,29,34,35 0.33(0.13,0.53) 425,29,34,35 0.42(0.20,0.64) SCR SCR
MF59 530–33,37 0.64(0.50,0.78) 530–33,37 0.62(0.56,0.68) SCR/SPR SCR/SPR
AS03 135 0.88(0.83.0.94) 135 0.79(0.73,0.86) SCR/SPR SCR/SPR
Alum 125 0.12(0.04,0.20) 125 0.19(0.09,0.29) NO NO
15 µg
No adjuvant 125 0.21(0.11,0.32) 125 0.29(0.17,0.40) NO NO
MF59 132 0.70(0.60,0.81) 132 0.65(0.54,0.76) SCR/SPR SCR/SPR
Alum 125 0.13(0.04,0.32) 125 0.15(0.06,0.25) NO NO

Abbreviations: Alum, aluminum; SCR, seroconversion rate; SPR, seroprotection rate; CI, confidence interval; CHMP, European Committee for Medicinal Products for 
Human Use; CBER, Center for Biologics Evaluation and Research.

Figure 4. Differences in the SCR and SPR between younger and elderly adults. The differences in SCR (a) and SPR (b) for antibody responses to two doses of OE- 
adjuvanted H5N1 vaccines were analyzed between younger and elderly adults.
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from a single dose of OE-adjuvanted vaccine containing 
3.75 µg of HA, whereas 3.75 µg of HA+NA elicited an SCR of 
17% in the trial by Czajka et al.30 The inefficient antibody 
response to OE-adjuvanted vaccines may be due to insufficient 
HA content. These results suggest that two doses may be 
necessary for elderly adults. To investigate the optimal doses 
of H5N1 vaccines in elderly adults, we analyzed the differences 
in the antibody responses to two-dose of adjuvanted H5N1 
vaccines. Our results showed that two doses of 7.5 µg of OE- 
adjuvanted H5N1 vaccines result in higher antibody response 
than 3.75 µg group, while no difference was found between 
7.5 µg and 15 µg group. These results indicate that 7.5 µg may 
be the optimal dose for the H5N1 vaccines in elderly adults.

To generate a strong immune response to an influenza 
vaccine, an adjuvant is usually added to enhance the immuno-
genicity of the antigens in vivo.50–52 Although alum, MF59 and 
AS03 were the adjuvants used in 9 of the 10 studies included in 
this review, only two studies had control groups that were 
given unadjuvanted vaccines.25,35 The AS03-adjuvanted vac-
cine showed stronger antibody responses than the unadju-
vanted vaccine in older adults, with high SCR (>70%) for two 
doses of AS03-adjuvanted vaccines.35 To investigate the effects 
of different adjuvants on the immunogenicity of H5N1 vac-
cines, we analyzed the consolidated SCR and SPR resulting 
from two doses of adjuvanted vaccines. The 7.5 μg and 15 μg 
of MF59-adjuvaned vaccines and all doses of AS03-adjuvanted 
vaccines induced robust antibody responses in elderly adults 
and met the CHMP or CBER criteria, whereas unadjuvanted 
vaccines and alum-adjuvanted vaccines showed low antibody 
responses in 3.75 μg, 7.5 μg and 15 μg groups, and did not meet 
the two vaccine production licensing criteria. Alum- 
adjuvanted inactivated influenza vaccines have demonstrated 
variable results, with effects ranging from moderate to none.53– 

55 In this review, a study conducted by Brady25 showed an SCR 
of 8% after two immunizations with 3.75 µg of an alum- 
adjuvanted vaccine, whereas Vajo et al.36 described an SCR of 
60.7% that resulted from vaccination with 3.5 µg of alum- 
adjuvanted vaccine.

Studies with seasonal influenza vaccines suggest that the 
decreased immune response in elderly adults is partly due to 
immunosenescence. It is possible that elderly populations may 
therefore need additional or higher doses. To determine 
whether there is a lower immune response after H5N1 vacci-
nation in elderly adults, we analyzed the differences in the SCR 
and SPR resulting from two doses of OE-adjuvanted H5N1 
vaccines between younger and elderly adults. Slightly lower 
antibody response in elderly adults was found only in the 
group of 7.5 μg of OE-adjuvanted H5N1 vaccines when com-
pared to younger adults.

Several limitations in our meta-analysis are worthy of men-
tion. First, the composition of the vaccine can influence the 
antibody response. However, subgroup analysis for the whole 
virus, split-virion and subunit vaccines was not performed due 
to a limited number of studies. Second, only five studies did 
describe a prospective calculation of the scale of the 
study.30,32,34,35,37 Insufficient sample sizes may influence statis-
tical conclusions to some extent. Third, the best way to evaluate 
the effectiveness of vaccines is usually the virus infection rate, 
hospitalization rate and infection-related mortality rate after 

immunization. However, none of the included studies men-
tioned the virus infection rate, hospitalization rate or infection- 
related mortality rate. Only the serological indicators SCR and 
SPR were used to analyze the protective effects of vaccines in 
this study. Finally, only clinical studies in English and Chinese 
were considered; thus, potential studies in other languages 
were not included.

In conclusion, we found that OE (MF59 or AS03)- 
adjuvaned H5N1 vaccines resulted in strong antibody 
responses in elderly adults. Furthermore, in our study, the 
H5N1 vaccine was well tolerated. Local and systemic adverse 
reactions were mild and self-limiting. Two doses of 7.5 µg of 
inactivated OE-adjuvanted H5N1 vaccines may be recom-
mended for elderly adults. However, the composition of the 
vaccine can influence antibody responses. The effect of the 
vaccine type, such as adjuvanted vs. non-adjuvanted and inac-
tivated whole virus vs. recombinant proteins, on the immune 
responses to H5N1 vaccines needs further clarification by way 
of large trials.
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