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ABSTRACT

Inoculation with vaccine is the major intervention currently used to prevent influenza infections.
However, it will be a challenge to produce and implement a new vaccine when a novel highly
pathogenic influenza virus emerges in humans as significant infections. H7 subtype influenza viruses
have similar epitopes on hemagglutinin, which can induce cross-reactive antibodies. In this study,
a meta-analysis of the cross-reactivity of antibodies induced by one H7 subtype influenza vaccine
against other H7 subtypes was performed. Database search was conducted in PubMed, Cochrane
Library, EMBASE, MEDLINE, Chinese Biological Medicine Database (CBM), and Wanfang. A total of 9
articles comprising 811 human subjects were included in this meta-analysis. All assessed H7 influenza
vaccines induced vaccine strain-specific protective antibodies [seroconversion rate (SCR) = 0.74, 95% Cl
(0.65, 0.82); seroprotection rate (SPR) = 0.81, 95% Cl (0.78, 0.83)]. All H7 influenza virus monovalent
vaccines exhibited cross-reactivity tested by hemagglutinin inhibition test (HI), microneutralization test
(MN) and immunosorbent assay (ELISA) to other H7 subtype viruses. H7N1, H7N3, H7N7, and H7N9
vaccines elicited cross-reactive antibodies against other H7 subtype influenza viruses [SCR = 0.66, 95% Cl
(0.50, 0.82); SPR = 0.79, 95% Cl (0.67, 0.91)]. The pooled SCR (95%Cl) of cross-reactivity of H7N1 and
H7N3 vaccines were 0.88 (0.85, 0.91) and 0.40 (0.26, 0.54), respectively. The consolidated SPR (95%Cl) of
H7N1 and H7N7 vaccines were 0.89 (0.86, 0.92) and 0.93 (0.81, 1.06). All H7 vaccines induced cross-
reactive antibodies against H7N9 viruses [SCR = 0.69, 95% Cl (0.52, 0.86); SPR = 0.85, 95% Cl (0.76, 0.94)].
H7 vaccines can be used to limit influenza infection when a new highly pathogenic H7 virus appears.
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Introduction

The first human case of H7N9 avian influenza virus was reported
in China in March 2013." The illness began with flu-like symp-
toms and progressed rapidly to acute pneumonia and acute
respiratory distress syndrome.”> As of March 2018, a total of
1,567 laboratory-confirmed cases of human infection with H7N9
viruses, including at least 615 deaths, have been reported.® The
novel H7N9 influenza virus was most likely generated by reassort-
ment among wild bird H7N9, duck H7N3, and poultry HIN2
viruses."*”® In addition to the recent emergence of the H7N9
virus in humans, patients infected with other H7 subtype influ-
enza viruses, H7N7, H7N2, and H7N3, have been reported since
1959, with clinical symptoms of conjunctivitis, influenza-like
manifestations,”"> and acute respiratory distress syndrome.'®
The possibility of reassortment of new avian influenza viruses
may be increased and influenza pandemics may happen, due to
the migration of migratory birds and the variety of viruses that
coexist in live poultry.

Subtypes of influenza A viruses are defined by the surface
hemagglutinin (HA) and neuraminidase (NA), which have
been classified into 18 (H1-H18) and 11 (N1-N11) subtypes,
respectively, based on their amino acid sequences and struc-
tural features.'”'* The HA protein is composed of an immu-
nodominant globular head domain and a stalk domain and it
plays a major role in binding to host cell surface receptors.”>*!

Most of the antibody responses induced by the influenza
viruses or vaccine target the immunodominant HA head
domain,**?’ thus the HA head represents the major influenza
antigenic sites, and many of these have been defined, includ-
ing epitopes Sa, Sb, Ca and Cb in H1, and epitopes A, B, C, D,
and E in H3.2*7*

Preventive vaccination is the major intervention cur-
rently used to prevent influenza infections.”” >* Several
clinical trials have been performed analyzing the immuno-
logical responses to H7 influenza vaccines. Rudenko et al.*
reported that adults vaccinated with H7N3 flu vaccine-
induced protective antibodies against H7N3 and H7N9
viruses at rates of 44.8% and 34.8%, respectively. Madan
et al.>* found an increase in serum antibody titers in sub-
jects vaccinated with the H7N9 flu vaccine supplemented
with the AS03 adjuvant and identified seroprotection rates
of 96.4% and 75% against H7N9 and H7N1 virus, respec-
tively. After inoculation with H7N1 influenza vaccine sup-
plemented with the ASO03 adjuvant, the protection rates
were 94.8% against H7N1 virus and 100% against H7N9
virus in the adult group, whereas the protection rates were
88.7% and 92% against the H7N1 and H7N9 viruses,
respectively, in the elderly group.’>>°

H7 subtype influenza vaccines include inactivated vaccines,
live attenuated vaccines, subunit vaccines, and recombinant
vaccines. All of them are in clinical phase I/II trials and have
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to date not been used on a large scale clinically. It has been
reported that there is cross-protection between H7 subtypes,
but the protection of cross-reactive antibodies still remains
controversial because of the inconsistent results among stu-
dies. This report presents a meta-analysis of available data on
the cross-reactivity of antibodies elicited by H7 influenza
vaccine in order to provide a robust estimate of seroconver-
sion and protection rates against non-vaccine incorporated
H?7 subtypes.

Methods
Search strategy

Two reviewers (Xiaogin Gou and Xiaoxue Wu) independently
searched articles in Chinese and English databases using the
search strategy (H7N1 OR H7N2 OR H7N3 OR H7N4 OR
H7N5 OR H7N6 OR H7N7 OR H7N8 OR H7N9 OR H7N10
OR H7N11 OR H7 subtype) and the search strategy (vaccine).
Published studies were retrieved in PubMed, Cochrane Library,
EMBASE, MEDLINE, CBM, and Wanfang database. All retrie-
vals were implemented by using the Mesh and free word (estab-
lished to December 1, 2018).

Selection criteria

All included studies met the following criteria. (1) Healthy sub-
jects with a description of cross-reactivity induced by an H7
influenza vaccine, regardless of nationality, race, age and follow-
up time. (2) Inoculation with an H7 influenza vaccine. (3) One of
the main outcomes: influenza infection rate, incidence of influ-
enza-like symptoms, serological changes of cross-reactive anti-
bodies after vaccination [SCR, SPR, geometric mean titers
(GMTs), and mean geometric increase (MGI) measured by HI,
MN, or ELISA]. (4) Cohort study, randomized controlled trial,
controlled before-after vaccination study or clinical trial.

Exclusion criteria were: (1) not H7 subtype influenza vac-
cine; (2) reporting vaccine types, vaccine management and
production, not cross-reactivity induced by a H7 vaccine; (3)
animal research; (4) subjects were also vaccinated with other
vaccines, such as HIN1, H3N2 or H5N1 vaccines, which may
affect the cross-reactivity induced by H7 vaccine; (5) no cross-
reactivity data.

Data extraction

Two independent reviewers extracted data from all selected
studies, including participant characteristics (total number,
age group), vaccine dose, adjuvant, inoculation times, vaccine
strain, heterologous strain, and outcomes. Any disagreements
or discrepancies were resolved by discussion or by the third
reviewer. If there was some missing data, the original authors
were contacted for additional information on unreported data.
For the results of antibody titers*”*® and fold changes of anti-
body titers® displayed as images without digital data, images
were imported into digital software (Engauge Digitizer 4.1)*" to
convert the outlines into x and y coordinates. Consequently,
the values of the antibody titers or fold changes were displayed
and then exported into Excel files.
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Assessment of study quality

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

Statistical methods

Estimates of SCR and SPR were pooled using Statal2.0
software.*” Comparison of sub-groups (risk ratio, RR) was
performed using Review Manager 5.3.*> The figure with scat-
ter plots was made to display the SCR and SPR of individual
study using Origin 2017 software. To assess heterogeneity
between studies, I” values were calculated. The fixed-effects
model (FEM) was used when I? < 50% indicating no statistical
heterogeneity between studies, otherwise the random-effects
model (REM) was used after excluding significant clinical
heterogeneity effects if I> > 50%. Egger’s test was performed
to evaluate the publication bias of specific antibody responses
using Stata12.0 software.*” Fail-Safe Number was calculated to
evaluate cross-reactivity using formula (XZ/ 1.64)*-k (k repre-
sents the number of studies included. Obtain Z by checking
the standard normal distribution table according to P of each
independent study).

Results
Selection of studies

A total of 1478 articles were obtained from the databases.
Five hundred and four duplicates were removed. By two
selection rounds on titles and abstracts, 44 studies were
potentially eligible. After carefully reading full text and dis-
cussion, 9 studies identified to meet the inclusion criteria
and focus on the H7 subtype vaccine cross-reactivity were
retained for systematic review and meta-analysis, totaling
811 participants®>***** (Figure 1).

Characteristics of studies included

The characteristics of the included studies were described in
Table 1. All nine articles were conducted in American and
Canada from 2014 to 2017. Of nine, four’>>® were rando-
mized controlled trials containing saline or placebo groups,
and five®” 3% were self-controlled clinical trials. H7N1,
H7N3, H7N7, and H7N9 viruses were used as vaccine strains.
None of the studies included influenza infection rates, vaccine
protection rates, or described influenza-like symptoms, but
serological antibody levels were included. The cross-
reactivity of antibodies was assessed using SCR and SPR in
meta-analysis. SCR was defined as the percentage of the pre-
vaccination serum antibody titer <1:10 and post-vaccination
antibody titer >1:40, or pre-vaccination serum antibody titer
>1:10 and at least a four-fold increase in post-vaccination
antibody titer. SPR was defined as the percentage of the
serum antibody titer >1:40 after vaccination.
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Figure 1. Study selection process.

Methodological bias risk

In the nine articles included for meta-analysis, one systematic
review was at low or moderate risk of bias across most
domains, with high risk in allocation in one study (Figure 2).
Three studies®>>*° give specific methods for generating ran-
dom sequences, two articles’*”” only mention random
sequences  without specific methods, whereas four
articles****> do not mention random sequences. One
literature® did not implement allocation concealment. Six
articles®™’>*** did not explain blindness. All literature
data is complete and there are no selective reports.

Vaccine-specific antibody responses

Antibodies induced by certain antigen can bind to other antigen
containing the same or similar epitopes, which is called cross-
reaction.*® The cross-reactivity depends on specific antibody
level and affinity. In this systematic review, all H7 subtype
vaccines, including H7N1, H7N3, H7N7, and H7N9, elicited

protective vaccine-specific antibodies.”®>**'~**> All nine studies
were used to assess the pooled cross-reactivity by meta-analysis.
All subjects were inoculated with H7 vaccines on day 0 (first
dose) and day 21/28 (second dose). Since antibody responses
peak in 3 or 4 weeks after vaccination, the titers of antibodies
at day 21/28 and day 42/56 were used to represent the antibody
response of one dose and two doses, respectively. We first
analyzed the specific antibody responses at days 21/28 (3 or 4
weeks after the first inoculation), 42/56 (3 or 4 weeks after
the second inoculation), 6 months and 12 months to determine
the time point for the highest SCR and SPR. Our results showed
that SCR [0.74 (0.65, 0.82)] and SPR [0.81 (0.78, 0.83)] of
vaccine-specific antibodies were the highest at day 42/56 (two
doses), meeting vaccine production licensing criteria CBER and
CHMP,*** whereas one dose exhibited lower antibody
responses (Table 2). We then analyzed the RR values of SCR,
SPR between day 42/56 and other time points using the formula
RR = the SCR or SPR at day 42/56: the SCR or SPR at day 21/28,
6-month or 12-month. The RRs were greater than 1, and P < .05
when comparing the responses at day 42/56 to those at day 21/



Table 1. Main characteristics of the included studies.
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Reference Country  No. Design Age Dosage(ug) + Adjuvant  Dose(Interval) Outcomes Vaccine strain Heterologous strain
Madan 2017 USA 139 RCT >65 3.75+ AS03A/AS03B 2(21D) HI(SCR, SPR)  H7N1 IV H7N9
Canada 7.5+ AS03A/AS03B
Madan 2017°¢ USA 338 RCT 21-64 3.75+ AS03A/AS03B 2(21D) HI(SCR, SPR)  H7NT IV H7N9
Canada 7.5+ AS03A/AS03B
15
Madan 2016** USA 162  RCT 18-64 3.75+ AS03A/AS03B 2(21D) HI(SCR, SPR)  H7N9 IV H7N1
Canada 7.5+ AS03A/AS03B
15
Rudenko 2014 USA 40 RCT 18-49  0.5ml(7.0 logsoEIDso) 2(28D) HI(SCR) H7N3 LAIV H7N9
Krammer 2014°° USA 53 CCT 19-39 12/24+ alum 2(21D) ELISA(SCR) H7N1 VLP H7N3
12/24 H7N9
Stadlbauer 2017**  USA 35  CCT >18 7.5/15/30+ SE 2(21D) ELISA(SCR) H7N9 H7N2
30 Recombinant H7N8
Sobhanie 2015%” USA 16 CCT 18-49 30 3(28D, 12W) MN(SPR) H7N9 LAIV H7N7
H7N3
Krammer 2014* USA 6 CCT * 45 3(28D, 18M)  HI(SCR, SPR)  H7N3 IIV H7N9
H7N1
Babu 2014 USA 22 CCT adult 45 3(28D, 18M)  HI(SPR) H7N7 IV H7N3
H7N9

Abbreviations: RCT, randomized controlled trial; CCT, clinical controlled trial; pg, microgram; alum, aluminum; SE, stable oil-in-water emulsion; D, day; W, week; M,
month; HI, hemagglutination inhibition; ELISA, enzyme-linked immunosorbent assay; IV, inactivated influenza vaccine; LAIV, live attenuated influenza vaccine; VLP,

virus-like particles; *The item is not mentioned in the text.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

[
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Figure 2. Summary of risk of bias.

28, suggesting that antibody responses of two doses were higher
than one dose. The RRs were greater than 1 when comparing the
SCR and SPR of 42/56d to 6-month and 12-month, suggesting
that antibody titers declined from the peak of response (42/56d)
after the second dose (Figure 3). These results indicated that the
vaccine-specific antibody levels were the highest at day 42/56
and the time point is best for analysis of the cross-reaction.

Cross-reactivity between H7 subtype vaccines

Systematic analysis of the nine articles, cross-reactivity of vac-
cines was detected in subjects vaccinated with H7N9 against
H7N1, H7N2, H7N3, H7N7, and H7N8; H7N7 against H7N3
and H7N9; H7N3 against H7N1 and H7N9; H7NI1 against
H7N3 and H7N9. Three articles’>** descripted the cross-
reactivity induced by an H7NI vaccine against H7N9 and
H7N3 viruses. Two articles”™*” described cross-reactivity
induced by an H7N3 vaccine against H7N9 and H7N1 viruses.
Only one article represented cross-reactivity induced by an
H7N9 vaccine against H7N1,* H7N2,** H7N8,** H7N7,”
H7N3,> by an H7N3 against H7N1,* or by an H7N7 against
H7N3,>® H7N9,*® respectively. Four articles®*>**> have both
SCR and SPR, whereas five studies”’>*** only descripted

SCR or SPR. Based on the results of the specific antibody
responses, we analyzed the cross-reactivity of H7 vaccines
at day 42/56, which was detected by HI and MN assays. Our
results showed that antibodies elicited by H7N1, H7N3, H7N7,
and H7N9 vaccines have cross-protection against other H7
influenza virus, with SCR of 0.66 (0.50, 0.82) and SPR of 0.79
(0.67, 0.91), meeting vaccine production license criteria CBER
and CHMP. H7NI1 vaccines displayed cross-reactivity to non-
H7NT1 viruses (H7N9) [SCR: 0.88 (0.85, 0.91), SPR: 0.89 (0.86,
0.92)]. However, H7N3 vaccines displayed low cross-reactivity
to non-H7N3 viruses (H7N9 and H7N1) [SCR: 0.40 (0.26, 0.54),
SPR: 0.50 (0.27, 0.73)]. This may due to the unadjuvanted H7N3
vaccines used in the subjects. High pooled SPR was found in the
cross-reactivity of H7N7 vaccines against non-H7N7 viruses
(H7N9 and H7N3) [0.93 (0.81, 1.06)] (Table 3, Figure 4).

Cross-reactivity of H7 subtype vaccines against H7N9

H7N9 avian influenza virus is one of the H7 subtype viruses,
which has caused severe human infections with high mortality
in the past several years."** Of the nine studies, five showed
that H7N1, H7N3, and H7N?7 elicited cross-reactive antibodies
against H7N9, which were measured by HI. To investigate the
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Table 2. Vaccine-specific antibody responses.

Blood

QOutcomes collection Vaccine strain Studies(n) Evens/total Rate(95% Cl) SM CHMP CBER
SCR 21/28D H7N1 23536 97/500 0.19[0.07,0.30] REM No No
H7N9 134 47/276 0.17[0.12,0.22] / No No

H7N3 13 8/30 0.27[0.07,0.47] / No No

Total 43336 152/806 0.19[0.13,0.25] REM No No

42/56D H7N1 23536 401/501 0.80[0.76,0.84] FEM Yes Yes

H7N9 134 211/276 0.76[0.71,0.82] / Yes Yes

H7N3 133 13/29 0.45[0.23,0.66] / Yes Yes

Total 433736 625/806 0.74[0.65,0.82] REM Yes Yes

6M H7N1 23536 104/483 0.22[0.15,0.28] REM No No

H7N9 134 48/270 0.18[0.13,0.23] / No No

Total 334736 152/753 0.20[0.16,0.24] REM No No

12M H7N1 23536 31/463 0.06[0.00,0.12] REM No No

H7N9 134 22/255 0.09[0.05,0.12] / No No

Total 334-36 53/718 0.07[0.03,0.11] REM No No

SPR 21/28D H7N1 23536 101/500 0.19[0.07,0.31] REM No No
H7N9 134 53/277 0.19[0.14,0.24] / No No

Total 34-36 154/777 0.19[0.13,0.26] REM No No

42/56D H7N1 23536 407/503 0.80[0.77,0.84] FEM Yes Yes

H7N9 134 221/277 0.80[0.75,0.85] / Yes Yes

Total 334-36 628/780 0.81[0.78,0.83] FEM Yes Yes

6M H7N1 23536 109/486 0.23[0.15,0.30] REM No No

H7N9 134 50/271 0.18[0.14,0.23] / No No

Total 34-36 159/757 0.21[0.11,0.26] REM No No

12M H7N1 23536 31/463 0.06[0.00,0.12] REM No No

H7N9 134 25/256 0.10[0.06,0.14] / No No

Total 334-36 56/719 0.07[0.03,0.12] REM No No

Abbreviations: SM, statistical method; REM, random-effects model; FEM, fixed-effects model; D, day; M, month; CHMP, Committee for guidance for human medicinal

products; CBER, Center for Biologics Evaluation and Research.

cross-protection of other subtype H7 vaccines against H7N9
virus, data from five articles were analyzed, involving H7N1
(both inactivated and live attenuated), H7N7 (inactivated) and
H7N3 (live attenuated) vaccines. The SCR and SPR of non-
H7N9 (H7N1, H7N3, and H7N7) vaccines against H7N9
viruses were 0.69 (0.52, 0.86) and 0.85 (0.76, 0.94), respectively
(Table 3, Figure 4), meeting CBER and CHMP criteria. Study
conducted by Krammer*®> showed that three of six vaccinees
who did not induce H7N3-specific antibodies displayed no
cross-reactivity of the vaccine, whereas the other three did.
These results indicate that H7 subtype influenza vaccines,
H7N1, H7N3 and H7N7 exhibit cross-protection from H7N9
viruses.

Publication bias

Due to the limited literature, the funnel plots cannot be wisely
evaluated for publication bias. The publication bias of specific
antibody responses (RR of SCR at 24/28d vs 48/56d) was
evaluated using Statal2.0 for Egger’s test. No publication
bias was found (p = .841). The Fail-Safe Number was 1071
(>5k+10) calculated when assessing the publication bias of
cross-reaction (SPR between H7, baseline as the control
group), indicating no publication bias in all included articles.

Discussion

Inoculation with seasonal influenza vaccine is the major interven-
tion currently used to prevent influenza infections. However,
some studies reported that there was no cross-reaction between
seasonal influenza vaccine and H7N9 influenza virus.” "> It takes
4-6 months to manufacture a new vaccine®*”” and this manu-
facturing delay is not helpful for the prevention of infection when
a novel influenza virus emerges in humans as significant

infections will likely occur before a vaccine is made available.
Generation of cross-reactivity takes advantage of the fact that
the same HA subtype influenza viruses share similar epitopes.”
Antibodies elicited by these strains can bind to other viruses
having similar epitopes.’*>® Phylogenetic analysis has shown
a high degree of homology in the HA gene sequence of various
H7 viruses.” Stadlbauer et al.** showed that an increase in the
mean geometric increase of the cross-reaction of H7N9 influenza
vaccine with H7 subtypes was 14.2, while H1, H3, H4, H14, H10,
and H15 viruses were 1.3, 1.9, 3.5, 2.9, 3.5 and 5.0, respectively. As
such, it is likely that vaccination against one H7 subtype may be
sufficient to elicit cross-reaction to several of H7 subtype viruses.
However, a comprehensive analysis of H7 induced cross-reactivity
is lacking.

In this study, we report the meta-analysis of cross-reactive
antibodies induced by H7 subtype avian influenza vaccine for
the first time. To investigate the best cross-reactivity between
H?7 subtype vaccines, the vaccine-specific antibody responses
were assessed by random effect model. The highest SCR and
SPR of protective antibodies were 74% and 81%, respectively,
3-4 weeks after the second inoculation, meeting the interna-
tional vaccine licensing standards, while one does not. The
antibody responses at day 42/56 were higher than those at day
21/28, 6-month and 12-month, indicating that two doses
induced stronger antibody responses than one dose and day
42/56 is the best time for analysis of the cross-reaction.
Interestingly, in the Madan 2017 study, the only study in
this meta-analysis that included aged individual (>65), the
RR was 22.8 and 23.45 for SCR and SPR, respectively, when
comparing peak of the response (42/56d) to 12 months, which
was much higher than those in younger adults, suggesting
a big decline in antibody titers in older adults. Immune
protection in older adults may last a shorter time than in
younger adults. The cross-reactivity of H7 vaccines at day42/



HUMAN VACCINES & IMMUNOTHERAPEUTICS . 291

a
Experimental Control Risk Ratio Risk Ratio

42/56D VS 21/28D

1MadanA 2017 172 218 28 218 103% 6.14[4.32,8.74) =
2Madan A 2017 229 283 69 282 11.4% 3.31(267,4.09) =
MadanA 2016 21 276 47 276 11.0% 4.49(3.43,5.87) 0
Rudenko,L 2014 13 29 8 30 7.0% 1.68(0.82,3.45) 2] D
Subtotal (95% CI) 806 806 39.8% 3.83[2.63,5.57] <>

Total events 625 152

Heterogeneity: Tau*= 0.11; Chi*= 15.38, df= 3 (P = 0.002); F= 80%

Test for overall effect Z=7.02 (P < 0.00001)

42/56D VS 6M
1MadanA 2017 172 218 54 215 11.2% 314 (2.47,4.00) s
2Madan A 2017 229 283 50 268 11.1% 4.34[3.36,5.60) 7
MadanA 2016 21 276 48 270 11.0% 4.30(3.30,5.60] TR
Subtotal (95% CI) 77 753 334% 3.86[3.12,4.79) *

Total events 612 152
Heterogeneity: Tau*= 0.02; Chi*= 4.29,df= 2 (P=0.12), F= 53%

Test for overall effect Z=12.35 (P < 0.00001)

42/56D VS 12M
1MadanA 2017 172 219 7 203 69% 2278[10.96,47.32) —
2MadanA 2017 229 283 24 260 10.0% 8.77(5.96,12.89) e
MadanA 2016 m 276 22 255 99% 8.86(5.91,13.28) &=
Subtotal (95% CI) 778 718 26.8%  11.01[6.82,17.78] >
Total events 612 53
Heterogeneity: Tau®*= 0.12; Chi*= 5.93, df= 2 (P = 0.05), F= 66%
Test for overall effect Z= 9.82 (P < 0.00001)
Total (95% CI) 2361 2277 100.0% 5.09 [3.80, 6.83] <
Total events 1849 357
Heterogeneity: Tau*= 0.18; Chi*= 74.82, df= 8 (P < 0.00001); F= 88% 0 o1 051 1’0 100’

Test for overall effect: Z= 10.88 (P < 0.00001)
Test for subaroup differences: Chi*= 16.02. df= 2 (P = 0.0003). F= 87.

5% Favours [control) Favours[experimental)

42/56D VS 21
1MadanA 2017 178 220 30 218 111% 5.88(4.19,8.25) =
2MadanA 2017 229 283 71282 123% 3.21(2.61,3.96) oo
MadanA 2016 221 277 53 277 120% 4.17[3.25,5.35) ]
Subtotal (95% CI) 780 777  354% 4.20[3.02,5.82] >
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Figure 3. The differences in vaccine-specific SCR and SPR between different time points. The differences in SCR (a) and SPR (b) of H7 subtype vaccine-specific
antibodies were analyzed between day 42/56 and day 21/28, 6 months or 12 months.

56 was further pooled to assess the cross-protection against
other H7 viruses. The results showed that all H7 influenza
virus vaccines, including H7N1, H7N3, H7N7 and H7N9,
induced cross-reactive antibodies against other H7 subtype

viruses (H7N9, H7N1, and H7N3). Both consolidated SCR
(66%) and SPR (79%) of the antibodies met vaccine produc-
tion license standards, CBER and CHMP. The H7N3 vaccines
had low cross-reactivity because of insufficient vaccine-
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Table 3. The cross-reactivity induced by H7 vaccines.

SCR SPR
Subtype pair Assay Study(n) Rate(95%Cl) Study(n) Rate(95%Cl) SM CHMP CBER
Between H7 HI 53373645 0.66(0.50, 0.82) 5347363845 0.79(0.67, 0.91) REM SCR, SPR SCR, SPR
H7N1 - non-H7N1 HI 23536 0.88(0.85, 0.91) 23536 0.89(0.86, 0.92) FEM SCR, SPR SCR, SPR
H7N1 - H7N9 HI 23536 0.88(0.85, 0.91) 23536 0.89(0.86, 0.92) FEM SCR, SPR SCR, SPR
H7N1 - H7N3 ELISA 1% 0.48(0.39, 0.58) - - FEM - -
H7N3 - non-H7N3 HI 33345 0.40(0.26, 0.54) 2% 0.50(0.27, 0.73) FEM SCR SCR
H7N3 - H7N9 HI 2334 0.39(0.24, 0.53) 1% 0.50(0.22, 0.78) FEM No No
H7N3 - H7N1 HI 1% 0.50(0.10, 0.90) 1% 0.50(0.10, 0.90) FEM SCR SCR
H7N7 - non-H7N7 HI - - 238 0.93(0.81, 1.06) FEM SPR SPR
H7N7 - H7N3 HI - - 138 0.93(0.81, 1.06) FEM SPR SPR
H7N7 — H7N9 HI - - 138 1 - SPR SPR
H7N9 - non-H7N9 HI 134 0.59(0.51, 0.68) 13 0.60(0.52, 0.68) FEM SCR SCR
H7N9 — H7N1 HI 134 0.59(0.51, 0.68) 13 0.60(0.52, 0.68) FEM SCR SCR
H7N9 — H7N2 ELISA 144 0.66(0.50, 0.81) - - FEM - -
H7N9 — H7N8 ELISA 1% 0.83(0.70, 0.95) - - FEM - -
H7N9 — H7N7 MN - - 1¥7 0.33(0.03, 0.64) FEM - -
H7N9 — H7N3 MN - - 17 0.60(0.30, 0.90) FEM - -
Non-H7N9 — H7N9 HI 433353645 0.69(0.52, 0.86) 435363845 0.85(0.76, 0.94) REM SCR, SPR SCR, SPR

Abbreviations: SCR, seroconversion rate; SPR, seroprotection rate; SM, statistical method; REM, random-effects model; FEM, fixed-effects model; CHMP, Committee for
guidance for human medicinal products; CBER, Center for Biologics Evaluation and Research.
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Figure 4. The SCR and SPR of cross-reactivity of antibodies induced by H7
vaccines. The figure with scatter plots was made to display the SCR and SPR
of individual study using Origin 2017 software. Each dot represented one study.

specific antibody responses elicited by the unadjuvanted vac-
cine. In addition, these H7N9 vaccines also exhibited cross-
reaction to H7N2, H7N7, and H7NS, as described early in this
systematic review. These results suggest that all H7 subtype
vaccines that induced effective vaccine-specific antibody
responses can prevent H7 influenza infection.

H7N9 is a novel H7 subtype influenza virus with high human
mortality. Since 2013, China has experienced five epidemics of
human infection with H7N9 viruses, a significant mortality rate
of 39%."*>°%>* Although other H7 influenza viruses, such as
H7N1, H7N2, and H7N3, have been reported to infect humans,
the patients usually showed mild to moderate clinical
symptoms.””'> We further analyzed the cross-reactivity induced
by H7 subtype influenza vaccines against H7N9 viruses. The
results showed that the H7 vaccine, H7N1, H7N3, and H7N7,
displayed cross-protection against H7N9, with pooled SCR of
69% and SPR of 85%. Moreover, H7N9 vaccines elicited protec-
tive antibodies against H7N1, H7N2, H7N3, H7N7, and H7N8.
In general, H7 subtype influenza vaccines can produce cross-

protection against other H7 subtype influenza virus (where
enough specific antibodies can be produced).

Several limitations in our meta-analysis are worthy of men-
tioning. First, this paper only analyzed the cross-reaction between
H7 subtype vaccines , or against H7N9, or H7N1 and H7N3
against H7N9, due to the limited literature. Future large-scale
studies are required to carry out cross-reactivity analysis between
specific subtypes. Second, heterogeneities were detected in the
research. Among the nine articles included, Rudenko et al.*
showed that the specific response and cross-reaction of H7N3
vaccine after two doses of vaccination were low, possibly due to
the unadjuvanted vaccine. Previous studies have shown that the
immune effect of H7 subtype vaccine after adding adjuvant is
significantly higher than that without adjuvant,”*~** which may be
the main reason for the heterogeneity of the study. Moreover,
most studies had unclear bias risk, which might weaken the
result’s reliability. Therefore, high-quality, large-scale clinical trials
are needed for further validation.

In conclusion, the recent human infections with a new avian
influenza A/H7N9 indicate an increased risk of pandemic of
unpredictable reassortant viruses capable of transmitting from
animal to humans. Our study confirmed the cross-reactivity
between the H7 subtype vaccines, indicating that the H7 vac-
cines, regardless of their specific subtype, induce cross-
protection against other subtypes of the H7 viruses. However,
the composition of vaccine can influence antibody responses.
The effect of vaccine types, such as adjuvanted vs. non-
adjuvanted, inactivated whole virus vs. recombinant proteins
or live-attenuated vaccines, etc., on the cross-reactivity of H7
subtype vaccines is needed further clarification by large trails.
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