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Background. The extent of human infections with avian influenza A(H7N9) virus, including mild and asymptomatic infections,
is uncertain.

Methods. We performed a systematic review and meta-analysis of serosurveys for avian influenza A(H7N9) virus infections in
humans published during 2013-2020. Three seropositive definitions were assessed to estimate pooled seroprevalence, seroconver-
sion rate, and seroincidence by types of exposures. We applied a scoring system to assess the quality of included studies.

Results.  Of 31 included studies, pooled seroprevalence of A(H7N9) virus antibodies from all participants was 0.02%, with
poultry workers, close contacts, and general populations having seroprevalence of 0.1%, 0.2%, and 0.02%, respectively, based on the
World Health Organization (WHO)—recommended definition. Although most infections were asymptomatic, evidence of infection
was highest in poultry workers (5% seroconversion, 19.1% seroincidence per 100 person-years). Use of different virus clades did not
significantly affect seroprevalence estimates. Most serological studies were of low to moderate quality and did not follow standard-

ized seroepidemiological protocols or WHO-recommended laboratory methods.
Conclusions. Human infections with avian influenza A(H7N9) virus have been uncommon, especially for general populations.
Workers with occupational exposures to poultry and close contacts of A(H7N9) human cases had low risks of infection.
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Since the first human infections with avian influenza A(H7N9)
virus were identified in March 2013 [1], 5 epidemic waves of
human infections with A(H7N9) virus have been reported in
mainland China [2]. In contrast to previous epidemic waves
with human infections identified mostly in eastern China,
the fifth wave during 2016-2017 began earlier, and led to the
highest number of confirmed cases [3]. Human infections with
A(H7N9) virus have declined since 2017. As of 30 April 2020,
a total of 1568 laboratory-confirmed cases and 616 deaths had
been reported to the World Health Organization (WHO) with
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a case fatality risk of 39% among laboratory-confirmed infec-
tions [4].

Laboratory-confirmed cases of influenza A(H7N9) virus
infection have been identified mostly in patients with severe
illness, especially in those older than 60 years [5]. However,
clinically mild illnesses with A(H7N9) virus infection have
also been identified through sentinel influenza-like illness
surveillance, mostly in young adults, suggesting the exist-
ence of many mild cases that are likely underdetected [6, 7].
Seroepidemiological studies are useful to explore the full dis-
ease spectrum of infections in nondeceased persons, to allow
estimation of the prevalence of clinically mild or asymptomatic
cases, and to better inform severity assessments.

It is difficult to understand the public health risk of
A(H7N9) virus infection from serological studies because
of variations in the study designs and serological assays
used. Although the Consortium for the Standardization of
Influenza Seroepidemiology (CONSISE) developed proto-
cols to standardize seroepidemiological investigations [8],
serological methods and the interpretation of serosurveys
continue to vary between studies. Additionally, differences in
study periods, study participants, and exposure levels of sus-
ceptible populations may also contribute to the heterogeneity
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between serological studies, which leads to challenges in
interpreting the findings. A previously published meta-
analysis estimated A(H7N9) virus antibody seroprevalence
by different populations, periods, regions, and laboratory
methods [9]. However, their analyses did not consider the
impact of virus clade-specific antibodies, antigenic similarity
between virus strains used in serologic assays and the virus
strains circulating among poultry or infected humans, or the
prevalence of symptomatic and asymptomatic infections,
upon seroprevalence estimates.

This study aimed to perform a systematic and comprehen-
sive assessment of the risk of asymptomatic and clinically mild
A(H7N9) virus infections in humans by summarizing serolog-
ical data in published English-language studies. In addition,
we compared the prevalence of A(H7N9) virus-specific anti-
bodies among populations with different levels of exposure to
A(H7N9) virus.

METHODS

Search Strategy and Selection Criteria

Following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (http://www.prisma-
statement.org/) [10], we implemented a comprehensive liter-
ature review of English-language papers from 1 January 2013
through 30 June 2020 from 3 databases (PubMed, Embase, and
Web of Science), using predefined search terms (Supplementary
Table 1). Among all potential eligible studies, we excluded
studies if they only presented serological evidence for A(H7N9)
virus infections in animals or only reported virologically con-
firmed clinical cases without serologic data. Abstracts of con-
gress meetings or conference proceedings, study protocols,
commentaries, reviews, or case reports were also excluded.
Initial screening of the titles and abstracts of retrieved articles
was done by 2 independent researchers; for potential included
abstracts, the full text was scrutinized to assess inclusion and
exclusion criteria. A third researcher was consulted when the
2 reviewers disagreed on study inclusion. We modified the
scoring system provided by Sikkema et al [11] to assess study
quality based on study design and laboratory methods of each
eligible study. Studies that utilized an unexposed control group,
collected and tested paired sera for participants, and reported
influenza vaccination status for study participants were scored
higher. Studies that utilized serological assays with laboratory
methods to improve specificity of antibody detection to min-
imize cross-reactivity and validated confirmatory assays were
also assigned higher scores. Based on their overall score, each
study’s quality was classified into 1 of 4 categories: A, B, C, or
D. Category A spanned studies with a scores ranging from 15 to
18, category B from 10 to 14, category C from 5 to 9, and cate-
gory D from 0 to 4. We also described the characteristics, labo-
ratory testing method, and primary outcome for each available
study in Supplementary Tables 2-5). The review protocol of this

study is available in the International Prospective Register of
Systematic Reviews (PROSPERO; identifier CRD42020147759).

Statistical Analysis

From eligible studies, we extracted data for 3 predefined
A(H7N9) virus antibody outcomes in humans: (1) seropreva-
lence; (2) seroconversion; and (3) seroincidence. Seroprevalence
was defined as the prevalence of A(H7N9) virus-specific anti-
bodies at or above a designated antibody titer to define a se-
ropositive result in cross-sectional studies. Seroconversion was
defined as achieving at least a 4-fold increase in A(H7N9) virus—
specific antibody titers detected by hemagglutination inhibition
(HALI) assay or microneutralization assay (MN) assay in serum
collected at multiple time points. Seroincidence was defined as
the number of individuals with serologic evidence of A(H7N9)
virus infection divided by total person-time during follow-up
visits. For the estimation of seroprevalence, only baseline data
were analyzed when there were multiyear follow-up studies or
serial cross-sectional studies in order to avoid repeated inclu-
sion of the same study.

Although the WHO has established laboratory procedures
for serological confirmation of A(H7N9) human cases with
acute febrile illness and respiratory symptom [12, 13], these rel-
atively strict criteria were not suitable for detection of seropos-
itive individuals among non-ill persons in seroepidemiological
studies. Therefore, random-effects models were performed
using 3 seropositive definitions: the WHO-recommended,
modified WHO-recommended, and nonstandardized defin-
itions. The WHO-recommended seropositive definition refers
to an HATI titer >160 tested by horse erythrocytes or an HAI
titer of 20-80 tested by horse erythrocytes with a positive re-
sult using a second confirmatory assay (ie, MN [neutralizing
antibody titer >80] or Western blot assay [WB]) [12, 13].The
modified WHO-recommended seropositive definition refers to
an HAI titer >160 using erythrocytes from other species (eg,
chickens, turkeys, and guinea pigs); or an HAI titer of 20-80
using other species’ erythrocytes and a positive result by a
second confirmatory assay (ie, MN [neutralizing antibody titer
>80] or WB). The nonstandardized seropositive definition re-
fers to criteria other than the WHO-recommended or modi-
fied WHO-recommended criteria used in individual studies
to define a seropositive result. All participants involved in
this systematic review were reclassified into 3 groups (ie, par-
ticipants who met WHO-recommended, modified WHO-
recommended, or nonstandardized seropositive definition)
according to the results of each serological study.

To assess differences in the types and frequency of ex-
posures among populations with potential risk of infec-
tion, study populations were categorized into 4 groups:
poultry workers (only exposed to poultry), close contacts
(exposed to confirmed A[H7N9] cases), mixed exposures
(exposed to poultry and confirmed A[H7N9] cases), and
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general population (without known exposures to A[H7N9]
virus). Virus clade-specific seroprevalence during the study
period was also evaluated in this study, based upon 3 distinct
A(H7N9) virus clades (ie, W1, W2-1, and W3-2) derived
from Wang et al [14]. Clade W1 represents A(H7N9) viruses
from the Yangtze River Delta (Anhui, Jiangsu, Shanghai, and
Zhejiang provinces) during the first A(H7N9) epidemic wave
from February to September in 2013. Clade W2-1 includes
primarily A(H7N9) viruses isolated in the Pearl River Delta
region, mainly from Guangdong Province and Hong Kong
during the second epidemic wave during 2013-2014. Clade
W3-3 contains A(H7N9) viruses isolated from a broader area,
including viruses from both Yangtze River Delta and other
provinces in northwestern China [14]. We also estimated
predefined outcomes according to whether an A(H7N9) ep-
idemic occurred during the study period. An epidemic was
defined as human infection with A(H7N9) virus or detection
of A(H7N9) virus in poultry in the study location during the
study period, or both.

Six cross-sectional studies that tested blood samples col-
lected before 2013 and 1 cohort study with baseline serum
collected in January 2013 were identified. Because there was
no known A(H7N9) virus circulation among poultry be-
fore 2013 and the first laboratory-confirmed human case of
A(H7N9) virus infection was not identified until February
2013 [1], we estimated seroprevalence with and without
these 7 studies.

To assess the true risk of asymptomatic and symptomatic
A(H7N9) virus infections among different populations,
studies were evaluated according to whether the study re-
ported any acute respiratory illness (ie, fever or respira-
tory symptoms) among participants shortly before (within
1 month) the time of serum collection. Random-effects
models were then performed to estimate the mean prevalence
of asymptomatic and symptomatic A(H7N9) virus infections
in humans. Additionally, we assessed the impact of antigen
used in laboratory assays by comparing the antigenicity be-
tween the antigen used and the circulating virus that the
study population was exposed to and evaluated the type of
red blood cells used in HAI assays and effect upon serolog-
ical results.

Variability between studies was determined by the heteroge-
neity tests (x* test) with the Higgins I statistic. We explored
the reasons for variations among eligible studies and exam-
ined whether prevalence of A(H7N9) virus—specific antibodies
varied by year of study, epidemic region, study quality, and level
of exposure by multivariable meta-regression models. Subgroup
analyses were implemented when assessing seroprevalence of
antibodies against A(H7N9) virus for specific populations with
higher heterogeneity. Publication bias was qualitatively inves-
tigated by funnel plots and assessed statistically by Egger line
regression test.

RESULTS

The literature search identified 582 reports, 184 of which were
duplicates (Figure 1). After removal of duplicates and initial
screening, we reviewed 35 publications in full. Four publica-
tions were excluded because they were not serological studies.
A total of 31 studies published between 1 January 2013 and
30 June 2020 were included in the final analysis, of which 19
studies involving 25 study populations assessed respiratory ill-
ness (Figure 1).

The majority of studies (20/31 [64.5%]) were graded C ac-
cording to the quality scoring system (Supplementary Tables 8
and 9), with a maximum score of 13 and minimum score of only
2 (Supplementary Figure 1, Supplementary Table 10).

Epidemic curves of the 5 epidemic waves of human infec-
tions with A(H7N9) virus and highly pathogenic avian influ-
enza (HPAI) A(H7N9) virus outbreaks in poultry are shown
in Figure 2A and 2B, respectively. All included studies were
conducted during epidemic waves 1-4 and were focused on in-
fections with low-pathogenic avian influenza (LPAI) A(H7N9)
virus circulating among poultry during 2013-2016, with ap-
proximately half of studies involving poultry workers and
the general population (Figure 2C). Most of the studies were
conducted in southeast China, mainly Jiangsu, Zhejiang, and
Guangdong provinces where most human cases of A(H7N9)
virus infection were identified (Figure 3A), and 3 studies were
conducted in India and Cambodia (Figure 3B).

Among 31 studies included in the meta-analysis, the different
study populations all had generally low seroprevalence. For
poultry workers, the prevalence of H7N9-specific antibodies
was 0.1%, 0.4%, and 0.5% when using the WHO-recommended,
modified WHO-recommended, and nonstandardized seropos-
itive definitions, respectively (Table 1). The seroprevalence for
close contacts (0.2% [95% confidence interval {CI}, 0-.9%]) was
higher than that for poultry workers based on the WHO defini-
tion, but no significant differences were found between these 2
populations (P > .05). For the general population, the seroprev-
alence was 0% for all 3 seropositive definitions, indicating ex-
tremely low infection risk for unexposed populations (Table 1).
After excluding data for 7 studies conducted before 1 February
2013 [9], the overall seroprevalence estimates were all very low
based on the WHO-recommended seropositive definition (0%
[95% CI, 0-.1%]) (Figure 5A). Among the 7 excluded studies,
the seroprevalence was 0% (95% CI, 0-.17%]) for poultry
workers, except for 1 seropositive individual in the general pop-
ulation based on the nonstandardized seropositive definition
(Figure 5B).

Among 19 studies that assessed participant’s respiratory
symptoms, the seroprevalence of asymptomatic A(H7N9) virus
infections was higher for close contacts (0.2% [95% CI, 0-.9%])
and lower for poultry workers (0% [95% CI, 0-.1%]) when util-
izing the WHO-recommended seropositive definition (P > .05)
(Supplementary Figure 5). Seroprevalence was higher in study

Seroevidence of Human H7N9 Virus Infections « JID 2020:XX (XX XXXX) « 3

1202 Yote\ Gz uo 1senb Aq Ze0ey6G/6.L9BRII/SIPIUEE0L 0 L/10p/ajole-8oueApE/plf/wod dno-ojwapeoe//:sdiy wolj papeojumoq


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa679#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa679#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa679#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa679#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa679#supplementary-data

582 records identified through
database searching
362 records from PubMed
137 records from WOS
83 records from Embase

184 duplicates excluded

398 records selected
Study and screened
selection

363 records excluded
361 records excluded after
screening title and abstract

2 records inaccessible

35 records assessed
for eligibility

4 records excluded on full-text

review
Records included in review
(n=31)
Ascertainment of participants’
fever or any respiratory illness
Study |
evaluation [ | |
No Yes Unknown
n=9) m=19) m=3)
Classification of study populations
based on type of exposure
19 studies involved
Study 25 study populations
populations I
and [ |
individual - P It -
T 12 study populations reported 25 study popu atl(?ns reporte
55 asymptomatic cases 0 symptomatic cases

13 study populations reported
0 asymptomatic cases

Study populations:
Poultry workers: 45 cases
Close contacts: 2 cases
Mixed-exposures population: 4 cases
General population: 4 cases

Figure 1. Flowchart of the selection of serological studies of A(H7N9) virus infection, 2013—2020. Abbreviation: WOS, web of Science.

participants exposed to A(H7N9) virus clade W3-3 (range, significant on the basis of the WHO-recommended seropositive
0-1.4%) than in participants exposed to other A(H7N9) virus definition (P >.05) (Supplementary Figure 7). Compared to
clades (range, 0-.3%), but the differences were not statistically studies without A(H7N9) using viruses that were antigenically
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Figure 2. Epidemic curves of virologically confirmed avian influenza A(H7N9) virus infections in humans and animal reservoirs, and temporal distribution of 31 A(H7N9) virus

serosurveys in humans by type of exposure, 2013—-2020. A, Epidemic curve of virologically confirmed human infections with avian influenza A(H7N9) viruses across epidemics
since 2013. B, Epidemic curve of A(H7N9) virus outbreaks in poultry and wild birds in mainland China. C, Temporal distribution of the implementation of 31 A(H7N9) virus

serological studies in poultry workers, close contacts, mixed-exposures population,

and general population. In (C), the color represents whether A(H7N9) virus infections in

humans, poultry, or wild birds were occurring (red) or not occurring (white) before or during the implementation of each study. The number below the symbol was the reference
number. Part of the serum samples of the general population in the No. 1 study was collected in 2009. Abbreviations: CC, close contacts; GP, general population; HPAI, highly

pathogenic avian influenza; MP, mixed-exposures population; PW, poultry workers.

similar to circulating virus strains in poultry, higher seroprev-
alence was observed in all exposed populations when the an-
tigen used for serological assays was antigenically similar to the
local circulating virus in poultry (Supplementary Table 12).
Relatively high heterogeneity in seroprevalence was ob-
served in poultry workers (I* = 81.0%, P < .001), while heter-
ogeneity for the other 2 populations was low: close contacts
(I* = 0%, P = .830) and general population (* = 0%, P =.920)
based on the WHO-recommended seropositive definition

(Supplementary Table 11). Meta-regression showed that higher
seroprevalence was also observed in participants only exposed
to poultry than in the general population without any potential
exposures to poultry or human A(H7N9) cases (p =.2 [95%
CL .1-.3%, P < .01) (Supplementary Table 15). Live poultry
market workers and household contacts were the 2 populations
most likely to have detectable A(H7N9) virus—specific anti-
bodies (Supplementary Figures 8 and 9). Publication bias for
estimates of seroprevalence based on the WHO-recommended
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Figure 3. Geographical distribution of virologically confirmed avian influenza A(H7N9) virus infections in human and animal reservoirs, and distribution of 31 A(H7N9) virus
serosurveys in humans by types of exposure, 2013-2020. A, Geographical distribution of virologically confirmed human cases of A(H7N9) virus infection and outbreaks in
domestic poultry and wild birds. B, Geographical distribution of 31 A(H7N9) virus serosurveys in humans by types of exposure. Abbreviation: HPAI, highly pathogenic avian
influenza.
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Figure 4. Pooled estimates of seroprevalence of human infections with avian influenza A(H7N9) virus, using the World Health Organization (WHO)}-recommended seropos-
itive definition. The WHO-recommended seropositive definition refers to a hemagglutination inhibition (HAI) titer >160 tested by horse erythrocytes or an HAI titer of 2080
tested by horse erythrocytes with a positive result using a second confirmatory assay (ie, microneutralization assay [neutralizing antibody titer >80] or Western blot assay).

Abbreviation: Cl, confidence interval.

seropositive definition was not observed (Egger test P = .134)
(Supplementary Figure 14).

Among 11 studies that provided data for estimating serocon-
version, the median seroconversion rate for A(H7N9) virus in-
fection was 0.1% (range, 0-54.2%), with poultry workers having
the highest seroconversion rate of 5.0% (95% CI, 1.7%-8.3%)
(Figure 6A, Supplementary Table 15). The mixed exposures
population had a higher seroconversion rate of 0.8% (95% CI,
0-1.8%) compared to close contacts and the general population
(Figure 6A, Figure 10). Among 5 studies with available data to as-
sess seroincidence, poultry workers had a seroincidence of 19.1
(95% CI, 12.1-26.1) per 100 person-years during an A(H7N9)
epidemic (Figure 6B, Figure 11) compared to a seroincidence
of 0 (95% CI, 0-6.5) per 100 person-years when no epidemics
were occurring (Figure 6C, Figure 12). The general popula-
tion had the lowest seroincidence of 0 (95% CI, 0-.1) per 100
person-years.

DISCUSSION

Overall, the estimated seroprevalence of A(H7N9) virus-spe-
cific antibodies in the unexposed general population was
extremely low with a mean seroprevalence of 0.02%, while ex-
posed groups had higher seroprevalence and most infections

were asymptomatic (mean seroprevalence of 0.1% and 0.2%
for poultry workers and close contacts, respectively, based on
the WHO-recommended seropositive definition). Higher se-
roconversion rates and seroincidence were observed in poultry
workers, indicating that new infections occur during ongoing
exposures to A(H7N9) viruses circulating among poultry. We
found that A(H7N9) virus-specific antibody titers did not vary
significantly among study participants exposed to different
virus clades. The majority of serological studies were of low to
moderate quality, reflecting flaws in study design, incomplete
data collection, inconsistent seropositive threshold, antigen-
mismatched virus, imperfect laboratory methodology, and less
comparable results.

Poultry exposure has long been considered a crucial deter-
minant of human infection with avian influenza A viruses,
especially for occupationally exposed populations with daily
and prolonged exposures to poultry. One study conducted in
Shenzhen, Guangdong province, reported a very high sero-
conversion rate of 54.2% (52/96) and seroincidence of 81.2%
(54/64) for A(H7N9) virus [15]. Another serosurvey with
a similar study design and study period [16] that defined se-
roconversion as detection of a >4-fold rise in A(H7N9) virus
antibody titer between paired sera, with the second sample
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Figure 5. Estimated seroprevalence of human infection with avian influenza A(H7N9) virus, using 3 seropositive definitions (World Health Organization [WHO]-recom-
mended, modified WHO-recommended, and nonstandardized seropositive definitions). The WHO-recommended seropositive definition refers to a hemagglutination inhi-
bition (HAI) titer >160 tested by horse erythrocytes or an HAI titer of 20-80 tested by horse erythrocytes with a positive result using a second confirmatory assay (ie,
microneutralization assay [MN] [neutralizing antibody titer >80] or Western blot assay [WB]). The modified WHO-recommended seropositive definition refers to an HA titer
>160 using erythrocytes from other species (eg, chickens, turkeys, and guinea pigs), or an HAI titer of 2080 using other species’ erythrocytes and a positive result by a second
confirmatory assay (ie, MN [neutralizing antibody titer >80] or WB). The nonstandardized seropositive definition refers to criteria other than the WHO-recommended or mod-
ified WHO-recommended criteria used in individual studies to define a seropositive result. A, Studies conducted after February 2013. B, Studies conducted before February
2013. C, All 31 studies. Abbreviations: ND, no data; WHO, World Health Organization.

achieving a titer >80, estimated a seroconversion rate of 0.4%  confirmatory serological assay. Due to the limited number of
(2/468) whereas the Shenzhen study defined a seropositive  studies with data for estimating such outcomes, the pooled se-
for the second serum sample as >40 and did not utilize any ~ roconversion results might be very imprecise.
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Figure 6. Comparison of seroconversion rate and seroincidence estimates for human infections with avian influenza A(H7N9) virus by types of exposure, using
nonstandardized seropositive definition. Data are presented for seroconversion rate for human infections with A(H7N9) virus. The nonstandardized seropositive definition
refers to criteria other than the World Health Organization (WHO)-recommended or modified WHO-recommended criteria used in individual studies to define a seropositive
result. A, Seroincidence of human infections with A(H7N9) virus considering whether A(H7N9) virus outbreaks occurred in humans or poultry (B) or did not occur ().

The estimated low seroprevalence of A(H7N9) virus anti-
bodies among close contacts is consistent with limited,
nonsustained human-to-human transmission, which has been
reported in several studies [17, 18]. However, when compared
with serological evidence for A(H5N1) virus infections, the
seroprevalence of A(H7N9) virus-specific antibodies among
close contacts was higher [17]. From an epidemiological per-
spective, Qin et al calculated the basic reproduction number
for A(H7N9) and A(H5N1) viruses, respectively, estimating
0.27 for A(H7N9) and 0.12 for A(H5N1), suggesting a higher
potential pandemic risk for A(H7N9) virus than A(H5N1)
virus [19].

Experimental evidence has shown that A(H7N9) virus rep-
licates more efficiently than A(H5N1) virus in ex vivo cul-
tures of the human respiratory tract [20], because A(H7N9)
virus can bind to both avian-type (a2,3-linked sialic acid) and
human-type (a2,6-linked sialic acid) receptors in the respi-
ratory tract whereas A(H5N1) virus preferentially binds to
a2,3 receptors [21]. In addition to the hemagglutinin protein,

the polymerase basic protein 2 (PB2) has an important role
in the transmission of avian influenza A(H7N9) viruses [22].
Position 627 in PB2, a host-associated genetic signature, has
been shown to enhance viral replication, transmission, and
host adaptation in A(H7N9) patients [23]. Further identifi-
cation of the epidemiological and genetic characteristics of
A(H7N9) viruses associated with increasing host adaptation
and transmission to and among humans is important for on-
going pandemic risk assessment [24].

The establishment of reliable antibody titer thresholds for de-
fining seropositivity is extremely important for standardizing
the interpretation of serologic studies. One study, using banked
serum collected in 2012, reported a seroprevalence of 0.1%
based upon a single seropositive individual with a low neutral-
izing antibody titer (40), which might be a “false positive” result
[25]. Given that the first A(H7N9) virus—infected human case
was reported in February 2013, and the virus was not identi-
fied until late March, it likely that A(H7N9) virus did not in-
fect humans before 2013 [1]. The limited use of confirmatory
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serological assays may increase the likelihood of false-positive
results caused by assay error or cross-reactivity with antibodies
to other avian or human influenza A viruses [26]. Well-executed
and well-controlled serological studies are important for public
health, and adherence to protocol and laboratory methodology
provided by CONSISE and WHO will help to compare findings
across studies (8, 12, 13].

The pooled seroprevalence of A(H7N9) virus antibodies in
our study (0.1% [95% CI, 0-.2%]) is consistent with a pre-
vious meta-analysis (0.1% [95% CI, 0-.3%]), with the highest
seroprevalence in close contacts in both studies, followed by
poultry workers and the general population [9]. The estimated
seroprevalence in close contacts (1.1% [95% CI, 0-4.4%]) was
higher than that in our study (0.2% [95% CI, 0-.9%]), mainly
due to the inclusion of a Chinese publication, which reported
seroprevalence of 14.3% among 14 close contacts [9, 27]. We
chose to exclude Chinese-language studies due to generally
low quality, which may affect the accuracy of results. In con-
trast to the previous meta-analysis, we evaluated the impact of
3 different seropositive definitions on the estimated seroprev-
alence and conducted subgroup analysis to explore poten-
tial factors affecting seroprevalence by controlling for other
confounders.

Our study has several limitations. First, the reasons for
the apparent heterogeneity for estimating seroprevalence of
A(H7N9) virus antibodies observed for poultry workers and in
pooled estimates of seroprevalence are unclear. We tried to use
meta regression and subgroup analysis to further explore the
reasons behind the variations, but analysis was limited by the
low number of included studies. Second, misclassification bias
may occur due to the limited information on exposures for the
study populations that could be extracted from publications.

In conclusion, the risk of A(H7N9) virus infection in the
general population was extremely low, and occupationally
exposed populations (eg, poultry workers) and close con-
tacts of symptomatic cases (including family members, so-
cial contacts, and healthcare workers) also have low risks of
infection. Although the risk of human-to-human transmis-
sion of A(H7N9) virus was very low, it was nonnegligible and
higher than for A(H5N1) virus [28-31]. The overall quality of
seroepidemiological studies of A(H7N9) virus infection needs
to be enhanced. New seroepidemiologic studies should follow
the established guidance on study protocol and laboratory
methods (with specific criteria for defining seropositive re-
sults) from CONSISE and WHO. Ongoing serologic studies are
needed to assess the risk of human infections with LPAI and
HPAI A(H7N9) viruses.
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benefit the reader, the posted materials are not copyedited and

are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Author contributions. H. Y. designed and supervised the
study. W. W. and X. C. did the literature search, set up the data-
base, and did all statistical analyses. W. W. and X. C. co-drafted
the first version of the article. Y. W. helped with the data collec-
tion and did the figures. S. L., J. Y., B. J. C,, P. W. H., and T. M.
U. provided critical revisions of the manuscript. All authors in-
terpreted the results and critically revised the manuscript for
scientific content. All authors approved the final version of the
article.

Acknowledgments. We thank Marius Gilbert from the
Université Libre de Bruxelles and the Fonds National de la
Recherche Scientifique, Qianli Wang, and Junbo Chen from the
Fudan University, and Othmar G. Engelhardt from the United
Kingdom Medicines and Healthcare products Regulatory
Agency for technical support.

Disclaimer. The views expressed are those of the authors and
do not necessarily represent the official policy of the Centers for
Disease Control and Prevention or other institutions that the
authors are affiliated with.

Financial support. This study was funded by the National
Natural Science Foundation of China (grant no. 82073613),
National Science and Technology Major project of China
(grant no. 2018ZX10201001-007, 2017ZX10103009-005,
20187X10201001-010), Program of Shanghai Academic/
Technology Research Leader (grant no. 18XD1400300),
National Science Fund for Distinguished Young Scholars (grant
no. 81525023).

Potential conflicts of interest. H. Y. has received re-
search funding from Sanofi Pasteur and Shanghai Roche
Pharmaceutical Company; none of this research funding is
related to avian influenza viruses. BJC has received honoraria
from Roche and Sanofi Pasteur. X. C., W. W, Y. W,, S. L., J.Y,,
B.J.C,P.W. H,, and T. M. U. declare no competing interests.

All authors have submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest. Conflicts that the editors
consider relevant to the content of the manuscript have been
disclosed.

References

1. Gao R, Cao B, Hu Y, et al. Human infection with a novel
avian-origin influenza A (H7N9) virus. N Engl ] Med 2013;
368:1888-97.

2. Tuliano AD, Jang Y, Jones J, et al. Increase in human infec-
tions with avian influenza A(H7N9) virus during the fifth
epidemic—China, October 2016-February 2017. MMWR
Morb Mortal Wkly Rep 2017; 66:254-5.

3. Zhou L, Ren R, Yang L, et al. Sudden increase in human
infection with avian influenza A(H7N9) virus in China,

Seroevidence of Human H7N9 Virus Infections « JID 2020:XX (XX XXXX) « 11

1202 Yote\ Gz uo 1senb Aq Ze0ey6G/6.L9BRII/SIPIUEE0L 0 L/10p/ajole-8oueApE/plf/wod dno-ojwapeoe//:sdiy wolj papeojumoq



10.

11.

12.

13.

14.

15.

September-December 2016. Western Pac Surveill Response
] 2017; 8:6-14.

. United Nations Food and Agriculture Organization. H7N9

situation update. Available at: http://www.fao.org/ag/
againfo/programmes/en/empres/h7n9/situation_update.
html. Accessed 4 September 2019.

. Cowling BJ, Jin L, Lau EH, et al. Comparative epidemi-

ology of human infections with avian influenza A H7N9
and H5N1 viruses in China: a population-based study of
laboratory-confirmed cases. Lancet 2013; 382:129-37.

. Xu C, Havers F, Wang L, et al. Monitoring avian influenza

A(H7N9) virus through national influenza-like illness sur-
veillance, China. Emerg Infect Dis 2013; 19:1289-92.

. Ip DK, Liao Q, Wu P, et al. Detection of mild to moderate

influenza A/H7N9 infection by Chinas national sentinel
surveillance system for influenza-like illness: case series.
BM]J 2013; 346:£3693.

. Horby PW, Laurie KL, Cowling BJ, et al; CONSISE Steering

Committee. CONSISE statement on the reporting of
seroepidemiologic studies for influenza (ROSES-I state-
ment): an extension of the STROBE statement. Influenza
Other Respir Viruses 2017; 11:2-14.

. Wang Q, Xu K, Xie W, et al. Seroprevalence of H7N9

infection among humans: A systematic review and
meta-analysis. Influenza Other Respir Viruses 2020;
14:587-95.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med 2009;
6:€1000097.

Sikkema RS, Freidl GS, de Bruin E, Koopmans M. Weighing
serological evidence of human exposure to animal influenza
viruses—a literature review. Euro Surveil 2016; 21:30388.
World Health Organization. Serological detection of avian
influenza A(H7N9) infections by microneutralization assay.
Available at: https://www.who.int/influenza/gisrs_labora-
tory/cnic_serological_diagnosis_microneutralization_a_
h7n9.pdf. Accessed 20 December 2019.

World Health Organization. Serological detection of avian
influenza A(H7N9) virus infections by modified horse red
blood cells haemagglutination-inhibition assay. Available at:
https://www.who.int/influenza/gisrs_laboratory/cnic_sero-
logical_diagnosis_hai_a_h7n9_20131220.pdf. Accessed 20
December 2019.

Wang D, Yang L, Zhu W, et al. Two outbreak sources of in-
fluenza A (H7N9) viruses have been established in China. J
Virol 2016; 90:5561-73.

Wang X, Fang S, Lu X, et al. Seroprevalence to avian in-
fluenza A(H7N9) virus among poultry workers and the
general population in southern China: a longitudinal study.
Clin Infect Dis 2014; 59:¢76-83.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ma MJ, Zhao T, Chen SH, et al. Avian influenza a virus
infection among workers at live poultry markets, China,
2013-2016. Emerg Infect Dis 2018; 24:1246-56.
Ma MJ, Ma GY, Yang XX, et al. Avian influenza A(H7N9)
virus antibodies in close contacts of infected persons,
China, 2013-2014. Emerg Infect Dis 2015; 21:709-11.
Hu J, Zhu Y, Zhao B, et al. Limited human-to-human
transmission of avian influenza A(H7N9) virus, Shanghai,
China, March to April 2013. Euro Surveill 2014; 19.
Qin Y, Horby PW, Tsang TK, et al. Differences in the ep-
idemiology of human cases of avian influenza A(H7N9)
and A(H5N1) viruses infection. Clin Infect Dis 2015;
61:563-71.
Chan MC, Chan RW, Chan LL, et al. Tropism and innate
host responses of a novel avian influenza A H7N9 virus: an
analysis of ex-vivo and in-vitro cultures of the human respi-
ratory tract. Lancet Respir Med 2013; 1:534-42.
Zhou J, Wang D, Gao R, et al. Biological features of novel
avian influenza A (H7N9) virus. Nature 2013; 499:500-3.
Minz B, Schwemmle M, Brunotte L. Adaptation of avian
influenza A virus polymerase in mammals to overcome the
host species barrier. ] Virol 2013; 87:7200-9.
Liu WJ, LiJ, Zou R, et al. Dynamic PB2-E627K substitution
of influenza H7N9 virus indicates the in vivo genetic tuning
and rapid host adaptation. Proc Natl Acad Sci U S A 2020;
117:23807-14.
de Graaf M, Fouchier RA. Role of receptor binding speci-
ficity in influenza A virus transmission and pathogenesis.
EMBO ] 2014; 33:823-41.
Wang W, Peng H, Tao Q, et al. Serologic assay for avian-
origin influenza a (H7N9) virus in adults of Shanghai,
Guangzhou and Yunnan, China. ] Clin Virol 2014; 60:305-8.
Toner ES, Adalja AA, Nuzzo B, Inglesby TV, Henderson DA,
Burke DS. Assessment of serosurveys for H5N1. Clin Infect
Dis 2013; 56:1206-12.

Wang X, Wu Z, Dong X. Serologic survey of influenza
A viruses subtype H7N9, H9, H5, HIN1pdm09, H3 and
H1 in rural area of Deqing, Zhejiang. Dis Surveil 2016;
31:120-5.

Liao Q, Bai T, Zhou L, et al. Seroprevalence of antibodies to
highly pathogenic avian influenza A (H5N1) virus among
close contacts exposed to H5N1 cases, China, 2005-2008.
PLoS One 2013; 8:71765.

Buchy P, Mardy S, Vong S, et al. Influenza A/H5N1 virus
infection in humans in Cambodia. J Clin Virol 2007;
39:164-8.

Ceyhan M, Yildirim I, Ferraris O, et al. Serosurveillance
study on transmission of H5N1 virus during a 2006 avian
influenza epidemic. Epidemiol Infect 2010; 138:1274-80.
Apisarnthanarak A, Erb S, Stephenson], etal. Seroprevalence
of anti-H5 antibody among Thai health care workers after

12 « JID 2020:XX (XX XXXX) « Wangetal

1202 Yote\ Gz uo 1senb Aq Ze0ey6G/6.L9BRII/SIPIUEE0L 0 L/10p/ajole-8oueApE/plf/wod dno-ojwapeoe//:sdiy wolj papeojumoq


http://www.fao.org/ag/againfo/programmes/en/empres/h7n9/situation_update.html
http://www.fao.org/ag/againfo/programmes/en/empres/h7n9/situation_update.html
http://www.fao.org/ag/againfo/programmes/en/empres/h7n9/situation_update.html
https://www.who.int/influenza/gisrs_laboratory/cnic_serological_diagnosis_microneutralization_a_h7n9.pdf
https://www.who.int/influenza/gisrs_laboratory/cnic_serological_diagnosis_microneutralization_a_h7n9.pdf
https://www.who.int/influenza/gisrs_laboratory/cnic_serological_diagnosis_microneutralization_a_h7n9.pdf
https://www.who.int/influenza/gisrs_laboratory/cnic_serological_diagnosis_hai_a_h7n9_20131220.pdf
https://www.who.int/influenza/gisrs_laboratory/cnic_serological_diagnosis_hai_a_h7n9_20131220.pdf

32.

33.

34.

35.

36.

37.

38.

39

40.

41.

42.

43.

44.

exposure to avian influenza (H5N1) in a tertiary care center.
Clin Infect Dis 2005; 40:e16-8.

Chen Z, Li K, Luo L, et al. Detection of avian influenza
A(H7N9) virus from live poultry markets in Guangzhou,
China: a surveillance report. PLoS One 2014; 9:¢107266.
Pawar SD, Tandale BV, Mali RS, et al. Avian influenza
A H7N9 virus infections not evident among high-risk
groups in India. Indian ] Med Res 2016; 144:942-4.

To KK, Hung IF, Lui YM, et al. Ongoing transmission of
avian influenza A viruses in Hong Kong despite very
comprehensive poultry control measures: a prospective
seroepidemiology study. J Infect 2016; 72:207-13.

Xiang N, Bai T, Kang K, et al. Sero-epidemiologic study of
influenza A(H7N9) infection among exposed populations,
China 2013-2014. Influenza Other Respir Viruses 2017;
11:170-6.

Xiao XC, Li KB, Chen ZQ, et al. Transmission of avian
influenza A(H7N9) virus from father to child: a report of
limited person-to-person transmission, Guangzhou, China,
January 2014. Euro Surveill 2014; 19:20837.

Yang P, Ma C, Cui S, et al. Avian influenza A(H7N9) and
(H5N1) infections among poultry and swine workers and
the general population in Beijing, China, 2013-2015. Sci
Rep 2016; 6:33877.

Yin X, Tao J, Zhao F, Rao B, Liu H. Antibodies against influ-
enza A (H7N9) virus among veterinarians in China before
2013. Influenza Other Respir Viruses 2015; 9:38-9.

. Zhou H, Zheng Y, Wang L, et al. First serologic study for in-

fluenza A (H7N9) virus among veterinarians in Guangdong,
China. J Clin Virol 2014; 60:182-3.

Bai T, Zhou J, Shu Y. Serologic study for influenza A (H7N9)
among high-risk groups in China. N Engl ] Med 2013;
368:2339-40.

Huang SY, Yang JR, Lin Y], et al. Serological comparison
of antibodies to avian influenza viruses, subtypes H5N2,
H6N1, H7N3 and H7N9 between poultry workers and non-
poultry workers in Taiwan in 2012. Epidemiol Infect 2015;
143:2965-74.
Quan C, Wang Q, Zhang J, et al. Avian influenza A viruses
among occupationally exposed populations, China, 2014-
2016. Emerg Infect Dis 2019; 25:2215-25.
Yang S, Chen Y, Cui D, et al. Avian-origin influenza
A(H7N9) infection in influenza A(H7N9)-affected areas of
China: a serological study. J Infect Dis 2014; 209:265-9.
Chen J, Ma J, White SK, et al. Live poultry market workers
are susceptible to both avian and swine influenza vir-
uses, Guangdong Province, China. Vet Microbiol 2015;

181:230-5.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

He E Chen EF, Li FD, Wang XY, Wang XX, Lin JE. Human
infection and environmental contamination with avian in-
fluenza A (H7N9) virus in Zhejiang Province, China: risk
trend across the three waves of infection. BMC Public
Health 2015; 15:931.

Horm SV, Tarantola A, Rith S, et al. Intense circulation of
A/H5N1 and other avian influenza viruses in Cambodian
live-bird markets with serological evidence of sub-clinical
human infections. Emerg Microbes Infect 2016; 5:¢70.
Pawar SD, Tandale BV, Gurav YK, Parkhi YK, Kode SS.
Immunity status against influenza A subtype H7N9 and
other avian influenza viruses in a high-risk group and the
general population in India. ] Infect Dis 2014; 210:160-1.
Wu J, Zou L, Ni H, et al. Serologic screenings for H7N9
from three sources among high-risk groups in the early
stage of H7NO circulation in Guangdong Province, China.
Virol ] 2014; 11:184.

Fang CE, Ma MJ, Zhan BD, et al. Nosocomial transmission
of avian influenza A (H7N9) virus in China: epidemiolog-
ical investigation. BMJ 2015; 351:h5765.

Qiu C, Yuan S, Tian D, et al. Epidemiologic report and
serologic findings for household contacts of three cases
of influenza A (H7N9) virus infection. J Clin Virol 2014;
59:129-31.

Hsieh SM, Huang YS, Chang SY, Lin PH, Chang SC.
Serological survey in close contacts with a confirmed case
of H7N9 influenza in Taiwan. J Infect 2013; 67:494-5.
Xu W, Lu L, Shen B, Li ], Xu J, Jiang S. Serological in-
vestigation of subclinical influenza A(H7H9) infection
among healthcare and non-healthcare workers in Zhejiang
Province, China. Clin Infect Dis 2013; 57:919-21.

Qi X, Qian YH, Bao CJ, et al. Probable person to person
transmission of novel avian influenza A (H7N9) virus in
eastern China, 2013: epidemiological investigation. BM]J
2013; 347:f4752.

Lin YP, Yang ZF, Liang Y, et al. Population seroprevalence of
antibody to influenza A(H7N9) virus, Guangzhou, China.
BMC Infect Dis 2016; 16:632.

Liu S, Li M, Su Z, Deng E Chen J. A 3-year follow-up study
of the seroprevalence of antibodies to avian influenza A H5,
Hé6, H7 and H10 viruses among the general population of
Wuhan, China. J Clin Virol 2016; 77:109-10.

Xiong C, Su Z, Liu Z, et al. Serological study of antibodies
to influenza A viruses among general population in Wuhan
City, China. J Clin Virol 2014; 61:178-9.

Chen Z, Liu H, Lu ], et al. Asymptomatic, mild, and severe
influenza A(H7N9) virus infection in humans, Guangzhou,

China. Emerg Infect Dis 2014; 20:1535-40.

Seroevidence of Human H7N9 Virus Infections « JID 2020:XX (XX XXXX) « 13

1202 Yote\ Gz uo 1senb Aq Ze0ey6G/6.L9BRII/SIPIUEE0L 0 L/10p/ajole-8oueApE/plf/wod dno-ojwapeoe//:sdiy wolj papeojumoq



