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Abstract

Background China, especially the Chinese mainland, is a highly endemic area of hepatitis E, and its incidence rate
has been increasing in recent years. Hepatitis E virus (HEV) is the causative agent of hepatitis E, with a variety of
domestic animals as potential hosts. The shift in the main epidemic strain and the increasing trend of zoonotic HEV
infection in the Chinese mainland need urgent attention. This systematic review aimed to provide a summary of HEV
detection and its characteristics in domestic animals in the Chinese mainland.

Methods A total of 1,019 literatures published in Chinese and English before 2024.1.15 were retrieved from four
databases including Pubmed, ScienceDirect, Wan Fang and CNKI. Eventually, 73 eligible studies were included in
this review, involving HEV detection data of 64,813 samples collecting from 13 kinds of common domestic animals,
locating in 28 provinces and municipalities.

Results HEV antibodies and RNA were detected among 12 and 7 kinds of domestic animals respectively, with the
pooled prevalence of 37.94% (95% Cl:32.28-43.77) and 7.62% (95% Cl: 5.56-9.96) respectively. The prevelance of HEV
for swine samples was higher than other species. In addition, the prevalence of HEV among Tibetan swine, cattle and
goats were also at a relatively high level. Further subgroup analysis focusing on comprehensive data from swine was
conducted. The results showed, the seroprevalence of HEV antibodies gradually decreased over the time of sampling.
HEV RNA was detected in various samples, including bile, feces, liver, and serum. The detection rate for fecal samples
was the highest, which was 16.60% (95% Cl: 12.17-21.55). Further genotyping of HEV RNA was classified. The results
warn us about the circulation of genotype 3 HEV in the eastern region of the Chinese mainland.

Conclusion The results collected from the included studies provided valuable data on HEV prevalence across various
species, and the characteristics, trends, and potential influencing factors were fully discussed. This review provides
public health professionals, policymakers, and researchers with comprehensive and up-to-date research data on
zoonotic HEV.
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Introduction

Hepeatitis E virus (HEV), species Paslahepevirus balayani,
genus Paslahepevirus, is the causative agent of hepatitis
E. According to World Health Organization estimates,
the epidemic of HEV affects 20 million people glob-
ally every year, among whom pregnant women infected
with HEV are prone to develop severe hepatitis and have
a high fatality rate [1]. Prevention and control of HEV
infection have become a public health challenge.

Currently, eight genotypes of HEV have been identified.
Genotypes 1 and 2 only infect humans, while genotypes
3 and 4 can cause zoonotic infections, with a variety of
mammals as potential hosts [2]. Food contaminated with
feces or sewage or animal products that have not been
subjected to strict sterilization treatment are the poten-
tial zoonotic transmission pathways. Genotypes 5 and
6 were found in wild boars in Japan [3], and genotypes
7 and 8 were detected in camels in Dubai and Xinjiang,
China, respectively [4, 5]. One study reported human
infection of genotype 7 HEV [6]; however, no further evi-
dence of human infection has been confirmed.

China, especially the Chinese mainland, is a highly
endemic area of hepatitis E, and its incidence rate has
been increasing in recent years [7]. From 1986 to 1988,
there was an outbreak of hepatitis E in Xinjiang Uygur
Autonomous Region, infecting more than 200,000 peo-
ple. Studies have confirmed that the circulating strain
was genotype 1 HEV. With the continuous improvement
of sanitary conditions in the Chinese mainland, the trans-
mission pathway of HEV has changed from contaminated
water sources to foodborne infection, the number of out-
breaks has considerably reduced, and the main epidemic
strain of HEV has shifted from genotype 1 to genotype
4 [8]. Meanwhile, since 2007, genotype 3 HEV has been
detected in patients and pigs in the eastern region of the
Chinese mainland. Because genotypes 3 and 4 HEV are
largely zoonotic, the shift in the main epidemic strain
and the increasing trend of zoonotic HEV infection in the
Chinese mainland need urgent attention.

The livestock industry in the Chinese mainland is the
pillar industry of agriculture and is also closely related
to people’s daily lives. However, many domestic animals,
such as pigs, cows, and the results showed, are the poten-
tial sources of zoonotic HEV transmission. Relevant
studies focusing on the prevalence of HEV among these
species, the role of animal hosts in the transmission chain
of HEV, and the potential transmission pathway across
species have been increasing over the past years. How-
ever, reviews and meta-analyses focusing on the findings
and progress of research are still deficient. Hence, this
systematic review aimed to provide a summary of HEV

detection and its characteristics in domestic animals in
the Chinese mainland. Furthermore, this review provides
public health professionals, policymakers, and research-
ers with comprehensive and up-to-date research data on
zoonotic HEV.

Materials and methods
Guidelines and search strategy
The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [9] was followed
throughout the whole study. PRISMA checklist was
submitted and items involved were stated in line. Two
researchers were investigated independently in this study.
Articles published in English or Chinese were all con-
sidered in this review. Four databases, including Pubmed,
ScienceDirect, the Wan Fang Database and the China
National Knowledge Infrastructure (CNKI), the lat-
ter two of which are databases of literatures published
in Chinese, were searched comprehensively for pub-
lished articles containing terms in the title, abstract or
keywords according to the following query: (Hepatitis E
Virus) and (China) and (domestic animals or livestock or
pig or swine or cattle or cow or yak or goat or sheep or
horse or camel or rabbit or cat or dog). The references of
studies published before 2024.1.15 were imported into
NoteExpress.

Selection process and data collection

Several rounds of screening were performed. The pri-
mary screening was conducted through titles and
abstracts, followed by intensive reading of the full text.
A final assessment was conducted during the process of
data collection.

The following conditions should be satisfied as an
included study for this review: (1) The article was pub-
lished in a peer reviewed journal with full text available.
(2) The article was an original cross sectional or descrip-
tive study. (3) The subjects were farmed and collected in
the Chinese mainland, the location of which was accurate
to the province or municipality. (4) The sample size in
the same subgroup was greater than 30, and the raw data
was provided with both positive and total numbers. (5) If
both RNA and antibodies were tested in serum samples
in one study, the samples tested by each method should
be consistent, otherwise only the results of the test with a
larger sample size will be included. (6) Duplicated studies
were excluded.

A standardized table was designed in Microsoft Excel
to extract data from articles, including: the first author
and the publication year, the sampling period, the species
of animals, the type of samples, the sampling location,
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the method of detection, the number of positive and total
animals.

The risk of study bias was assessed simultaneously
using tool developed by Hoy et al. [10]. Ten items were
included: the study’s target population representation,
the sampling representation, the form of random selec-
tion, the likelihood of nonresponse bias, the approach of
data collection, the acceptable definition, the validity and
reliability of detection method, the mode of data collec-
tion, the length of the study period, the numerator(s) and
denominator(s). One point was awarded for each item.
The papers with 7-10 points were considered as low risk
of study bias and proceeded to further analysis.

Data synthesis and statistical analysis

The pooled prevalence was defined as the number of pos-
itives divided by the total, synthesized using meta-anal-
ysis package in Stata 16, data conversion by metaprop
command and visualized using the Forest plots. The 95%
confidence intervals (CI) were estimated, as well as p val-
ues. The I? statistic was used representing heterogeneity
between studies. I>50% was considered as high het-
erogeneity, and I°<50% as low heterogeneity, random or
fixed effects model was applied respectively. The possible
causes of heterogeneity were explored through subgroup
analysis. Publication bias were evaluated by Egger’s test.
Influence analysis was conducted, using random pooling
model.

Results

Search and selection process

A total of 1019 literatures, 190 ones published in Eng-
lish and 829 ones published in Chinese were searched
from four databases. After that, 687 distinct records were
screening preliminarily through title and abstract, and
further, 190 reports with full-text available were sought
for thorough screening. Eventually, a total of 73 studies,
published between 2004 and 2022, were considered eli-
gible with low risk of study bias, and were included in
this review (Fig. 1). There were 30 studies published in
English and 43 ones in Chinese. Each included study with
the data in detail was listed in the Table 1. Overall, stud-
ies of 13 kinds of common domestic animals, locating in
28 provinces and municipalities in the Chinese mainland
were involved in this review (Fig. 2). The total samples
tested for HEV antibodies or RNA or both was 64,813.

Pooled prevalence of HEV antibody detection

Eighty-six sets of data extracted from 42 studies were
included to calculate the pooled prevalence of HEV
antibody detection. Among the total of 39,846 samples
tested, 13,727 were positive for HEV antibodies, with
a total positive rate of 37.94% (95% CIL: 32.28-43.77)
(Fig. 3).
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Pooled prevalence of HEV RNA detection

Sixty-four sets of data extracted from 42 studies were
included to calculate the pooled prevalence of HEV RNA
detection. Among the total of 28,471 animals tested, 2116
were positive for HEV RNA, with a total positive rate of
7.62% (95% CI: 5.57-9.96) (Fig. 4).

HEV prevalence categorized by species

The samples collected from 12 kinds of domestic animals
were tested for HEV antibodies (Table 2). The pooled
prevalence of HEV antibodies in swine samples was
61.03% (95% CI: 51.39-70.26), which was far higher than
that of other species. The positive rate in Tibetan swine
was 38.70% (95% CI: 28.68—49.23), which was also higher
than the overall pooled prevalence rate. In addition, the
positive rates among cattle and goats were at a relatively
high level, which were 31.21% (95% CI: 13.68-52.09) and
29.30% (95% CI: 14,88-46.19), respectively. The pooled
prevalence rates for cats and yaks were relatively low,
which were 6.28% (95% CI: 3.29-10.72) and 9.51% (95%
CI: 1.83-21.95), respectively.

HEV RNA was detected in the samples collected from
eight kinds of domestic animals. The results showed that
for the pooled prevalence rates of HEV RNA for the sam-
ples collected from swine, Tibetan swine, and goat were
9.82% (95% CI: 7.12-12.88), 9.30% (95% CI: 6.84—12.08),
and 8.26% (95% CI: 5.19-11.92), respectively, which were
higher than the overall pooled prevalence rate. HEV RNA
was not detected in the samples collected from cows.

Subgroup analysis of HEV detection in swine

Since swine were extensively studied, we focused on
comprehensive data from swine to conduct further sub-
group analysis (Table 3). The seroprevalence of HEV anti-
bodies gradually decreased over the time of sampling,
from the highest peak of 70.65% (95% CI: 50.29-87.46,
before 2010) down to 21.52% (95% CI: 20.01-23.07, after
2020). The positive rate was the highest for the samples
collected from the eastern region of the Chinese main-
land, which was 75.18% (95% CI: 67.61-82.06), and was
the lowest for the samples collected from the northeast-
ern region, which was 48.52% (95% CI: 16.96—80.76). The
HEV RNA prevalence rate for samples collected from
2015 to 2020 was 5.29% (95% CI: 2.45-9.10), which was
lower than that for samples collected earlier. HEV RNA
was detected in various samples, including bile, feces,
liver, and serum. The detection rate for fecal samples was
the highest, which was 16.60% (95% CI: 12.17-21.55).
The prevalence rate in descending order was as fol-
lows: serum, liver, and bile samples. HEV RNA was not
detected in the lymphonodi mesenterici and spleen
samples of swine. The real-time PCR and RT-nested
PCR methods were used to test HEV RNA, with posi-
tive rates of 4.75% (95% CI: 2.22—8.11) and 11.20% (95%



Wang et al. BMC Veterinary Research (2025) 21:136

Page 4 of 17

Fig. 1 PRISMA flow diagram of record selection procedure

CI: 7.87-15.02), respectively. That is, the positive rate of
the real-time PCR method was lower than that of the RT-
nested PCR method.

Discussion

The Chinese mainland is a highly endemic area of hepa-
titis E, with the average annual incidence of HEV infec-
tion gradually increasing. Based on the data obtained
from hepatitis E cases reported online through the
China Disease Control and Prevention Information Sys-
tem, the incidence rates of hepatitis E in 2004, 2014, and
2023 were 1.26, 1.99, and 2.11 per 100,000 population,
respectively. Meanwhile, the shift of HEV genotypes and
potential trends are gradually becoming prominent. In
the past, HEV transmission often occurred through fecal
contamination of the drinking water supply, and other
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contributing factors included limited access to clean
water, poor sanitary hygiene, and an immature health
care delivery system. Due to continuous improvement in
hygiene standards in the Chinese mainland, the predom-
inant circulating strain of HEV has shifted from water-
borne genotype 1 HEV to foodborne genotype 4 HEV.
One major concern is the continued detection of geno-
type 3 HEV in humans and pigs in the Chinese mainland.
In this study, among the included research, further geno-
typing of HEV RNA was classified. In total, 898 cases
were reported as genotype 4 HEV, involving animals
such as pigs, sheep, cattle, goats, and Tibetan pigs. One
Study identified genotype 8 HEV in the samples collected
from camels [5]. Furthermore, genotype 3 HEV was only
detected in the samples collected from 200 pigs; except
for two cases reported in Guangxi, the remaining 198
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Table 1 (continued)

Study ID

Ref-
er-

Prevalence Risk of

(%)

Number of Number of
Total

Positive

Sampling Location HEV Detection

Sample Type

Species

Sampling
Period

Study Bias

Method

ence

(2025) 21:136

143

140
226
229
307

2

1

RNA (Real-Time PCR)
Antibody (ELISA)

Guizhou

Bile

Swine

2019-2021
2021

Lei MY, 2022
Qu K, 2022

63.72

44

Serum Henan

Feces

Swine

16.59
56.35

38
173
470

RNA (RT-nested PCR)

Antibody (ELISA)
Antibody (ELISA)
Antibody (ELISA)

Sichuan

Tibetan swine

Swine

2018-2019
2015-2016

2021

Yang DJ, 2022

Sichuan

Serum

DuanTC, 2022
ZuoYG, 2022
LouYZ, 2022

18.45
1333
15.83
5.00

2548
120
120
120

Serum Yunnan

Swine
Yak

16

Qinghai
Xizang
Xizang

Serum

2018-2021

Sheep
Note: ELISA: Enzyme linked immunosorbent assay, RT-nested PCR: Reverse transcription-nested polymerase chain reaction
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cases were all detected in Shanghai. In 2007, for the first
time, Ning et al. [18] detected seven genotype 3 HEV iso-
lates in pig feces collected from Shanghai pig farms. Sub-
sequently, genotype 3 HEV was also detected in humans
and pigs in the eastern region of the Chinese mainland
[76, 83—85]. The high detection rate of genotype 3 HEV
in the samples collected in Shanghai may be due to the
large number of research projects conducted in this
region. Furthermore, because this region is along the
East China Sea and is the most economically developed
region, the geographical location, the frequent interna-
tional trade, and the large flow of inbound and outbound
travel may also be the risk factors for genotype 3 HEV
emergence. These results warn us about the circulation
of genotype 3 HEV in the eastern region of the Chinese
mainland. One potential transmission pathway of geno-
type 3 HEV was imported cases from abroad because
genotype 3 HEV is widely distributed around the world.
The consumption of undercooked animal meat, offal,
and shellfish also increases the transmission of genotype
3 HEV. Because genotype 3 HEV is predominantly zoo-
notic, the detection of genotype 3 HEV in humans in the
Chinese mainland in recent years suggests the possibility
of cross-species transmission of zoonotic HEV, although
no direct evidence has been obtained. The susceptibility
and pathogenicity of different genotypes and subtypes to
the population and the shift in genotypes deserve long-
term monitoring and in-depth studies.

The Chinese mainland has a total of 31 provincial-
level administrative regions, comprising 22 provinces,
five autonomous regions, and four municipalities. In this
study, data collected from 28 of 31 provinces and munici-
palities were included in the meta-analysis. Data were
not available for Hubei, Hainan, and Tianjin. Through
the literature review process, we found that several stud-
ies conducted sampling in Hubei and Hainan, however,
these data were excluded because they did not meet the
inclusion criteria. The widespread detection of HEV
suggests that health administrative departments and
agricultural departments need to urgently refine preven-
tion and control strategies. According to the geographi-
cal location, the Chinese mainland is divided into seven
regions. In the subgroup analysis of HEV seroprevalence
in swine, the positive rate was the highest in the eastern
region of the Chinese mainland and was the lowest in the
northeastern region. This is corroborated by the results
of a spatial-temporal scanning analysis, which identi-
fied one clustering area of high incidence of hepatitis E
in the eastern coastal provinces of China [86]. However,
the HEV RNA prevalence rate in the eastern region was
lower than those in other regions, which was inconsistent
with the trend of antibodies. This may be related to the
diversity and sensitivity of different sampling methods
used in HEV RNA testing, which are further explored in
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Fig. 2 Distribution of the animals tested for HEV antibodies or RNA

the following text. Furthermore, the geographical loca-
tion does not fully explain the results of this study. Due
to the wide geographical area, large population, and
multiple ethnic groups in the Chinese mainland, there
are differences in people’s lifestyles, dietary habits, live-
stock species and feeding, relevant natural environment,
and socioeconomic situations between different regions,
which pose challenges to the subgroup analysis classified
by region. The disease control department and research-
ers must include the above risk factors in epidemic sur-
veillance and regional epidemiological studies to provide
a more scientific interpretation of the results, as well as a
theoretical basis for formulating prevention and control
strategies adapted to local conditions.

Pigs are recognized as the major animal reservoirs for
HEV. Pig farming plays an important role in the Chinese
mainland’s traditional agricultural economy. Data from
the National Bureau of Statistics of China showed that in
2022, the Chinese mainland’s pork production accounted
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for approximately 44.47% of global pork production. At
the same time, pork is also the most consumed meat
product in China. In addition, pork liver, pork stomach,
and other pig offal are consumed as food. In this study,
the prevalence rates of both antibodies and RNA of HEV
for the samples collected from swine were the highest.
HEV RNA was detected in various samples, including
feces, serum, liver, and bile. Therefore, the risk of HEV
infection through the consumption of contaminated pork
products is rather high. Government departments should
strengthen the management of pig farms and devise qual-
ity standards of HEV detection for pork and other related
products. Our findings showed that the seroprevalence
of HEV antibodies gradually decreased over the time of
sampling, and the HEV RNA prevalence rate for recently
collected samples was the lowest. This may be attributed
to the improvement of sanitation on farms and increased
government regulation. However, the continuing increase
in the incidence rate indicates that existing prevention
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Study Events  Toul ES (95% CI)
Fu LP, 2005 (Swine)1 62 151 — 0.4108 (0.3313, 0.4035)
Fu LP, 2005 {Swine)2 118 208 ! — 05673 (0.4970, 0.6356)
Fu LF, 2005 (Swine)3 13 110 —— 1 0.1182 (0.0845, 0.1936)
Fu LP, 2005 (Swine)4 57 127 —_— 0.4433 (0.3805. 0.5306)
Fu LP, 2005 (Swine)§ 57 85 | —_—— 0.8760 (0.7718, 0.0453)
Fu LP, 2005 (Swine)s 1 42 B . <S——— 0.2619 {0.1388, 0.4204)
Fu LP, 2005 (Swine)7 154 242 ! —— 0.6364 (0.5723, 0.6970)
Fu LP, 2005 {Swine)8 95 00 ! w—@  0.9596 (0.2998, 0.9889)
Fu LP, 2005 (Swine)® 79 21 | —— 0.8881 (0.7810,
L 2008 {Cony %1 — 02355 (01610,
L (Cow) 2 —— ¥ Rk [
Wang LL. 2008 (Swine) 425 505 ! —— 0.7131 (0.8749,
Wang LL, 2006 (Goat) 50 58 1 —— 0.3621 (0.7462,
Zhou JP, 2006 (Swine) 301 417 1 —— 0.7218 (0.8761, 0.7
Zhou JP, 2008 (Cow) 8 100 ef— | 0.0800 (0.0223,
Zhou JF, 2006 (Goat) 12 50 — 0.2400 (01308,
Zhou JP. 2008 {Horsz) ] 4 —_—— 0.1833 (0.0732,
Zhou JP, 2006 (Dog) 18 101 ——— 1 0.1782 {0.1082,
QuLC, 2007 (Sheep) 158 826 - I 0.1913 {0.1850, 0.
Xie BD, 2008 (Swine) 350 410 I —— 0.8758 (0.8397. 0.
Cao WB, 2009 (Cattie) 30 67 > i 0.0578 (0.0414,
Cao W8, 2009 (Goat) 52 87 - 0.0773
Wu JY, 2000 (Sheep) 140 434 ——! 0.3228
Zhao CY, 2009 (Rabbit) 191 335 1 —— 05701
Chang YB, 2002 (Swine) 321 300 | — 0.8231 (0.7815,
Chang YB, 2002 (Cow) 54 184 ——— . 0.2035 (0.2288, 0.3!
Chang YB, 2009 (Sheep) 20 207 —— 0.0968 (0.0600,
Wang DR, 2010 {Dog) 130 288 | —p— 0.4851
Wu JY, 2010 (Sheeg) 142 400 —— 0.2303
Fu HW. 2010 (Swine) ] 7 | —_—— 0.8462
Fu HW. 2010 (Donkey) 38 276 —— . 0.1377 (0.
Fu HW. 2010 (Horse) 1 100 —— 0.1100 {0.0562, 0.1883)
Fu HW. 2010 (Goat) 15 200 =—lp— ! 0.0750 (0.0426, 0.1207)
Fu HW, 2010 (Cow) 13 200 wp— 1 0.0850 (0.0351, 0.1088)
1238 356 1 — 05225 )
501 595 - 0.8491 )
7 242 —— 0.4008 (03328, 0.4855)
17 180 —— ! 0.0944 {0.0560, 0.1460)
45 107 ——— 0.4208
34 483 0.0734 |
14 180 x : 0.0778 (0.0432,
55 103 l— 0.5340 {0.4330,
] 1) 1 33 f— 1 0.0303 {0.0008,
Liu YL, 2012 (Swine) 650 850 I -
Liu YL, 2012 (Cattle) 100 302 —_——
Liu YL, 2012 (Shesp) 20 428 —— |
Xizo P, 2012 (Swine) 157 27! ——
Shi XC, 2013 (Ticetan Swine) 204 421 L
Geng YS, 2013 (Swine) 38 o4 1 _.—
Geng YS, 2013 (Rabbit) 67 289 — 1
Wang XZ, 2014 (Yak) 10 855 @ I
WWang XZ, 2014 (Sheep) 28 20 4
Liang HB, 2014 (Dog)1 31 233 —— !
Liang HE, 2014 (Dog)2 28 120 —— |
Liang HB, 2014 (Dog)3 7 242 —— |
Liang HB, 2014 (Cat) 12 191 f— 1
Liang HE, 2014 (Swine) 383 561 —— : )
Tang JH, 2015 (T# swine) 505 1440 '+ . 0.4301)
Wu JY, 2015 (Sheep) 17 500 —p— . 0.3058)
Peng DP, 2016 (Swine) 138 225 | —
Wu JY, 2016 (Cow) 78 110 3 |
Wu JY, 2016 (Swine) 884 1660 . E
Yan BY, 2018 {Cattie) 120 254 ——
2016 (Dog) 84 442 —— I
Tong TT, 2017 (Swing) 780 127 | -
Zhang SD. 2017 (Swine) 86 174 —
G 2078 (oot e i T
in L, 21 (Swine) 4 A
Gong G. 2018 (Tibetan Swine) a1 305 + | 0.2658
Guo J, 2010 (Goat) 370 1500 E S 1 0.2467
Guo J, 2019 (Cattle) 220 500 | —— 0.4400
Zhou JK, 2010 (Swine)1 74 506 . —— 06275
Zhou JK, 2018 (Swine)2 61 o1 —pe 0.6703
Zhou JH, 2018 (Swine)3 75 120 I x 0.8250
Zhou JH, 2018 (Swine)4 7 121 | 0.6281
Zhou JH, 2018 (Swine)5 7 o0 I i 0.7374
Zhou JH, 2010 (Swine)§ 108 145 i 07310
Zhou JK, 2018 (Swine)7 422 506 e 0.7081
Li HX, 2018 (Swing) 11 7187 @ ! 0.1548
Zhang Y, 2020 {Swine) 857 1800 1 0.4108
Qu K. 2022 (Swine) 144 226 | —p— 06372
Duan TC, 2022 (Swing) 173 307 | —— 05635
Zu0 YG, 2022 (Swine) 47 2548 > 0.1845
Lou YZ, 202 1 16 120 —— ! 0.1333
Lou YZ. ( 19 120 —— 1 0.1583 ( h
Lou YZ, 2022 (Sheep) 120 -’— 0.0500 (0.0188, 0.
Overall ("2 =99.2710%, p = 0.0000) <> 0.3704 (0.3228, 0.
1
| I I |

Fig. 3 Pooled prevalence of HEV antibody detection

and control measures are still inadequate. The govern-
ment should raise awareness of the risk of HEV infection
and potential transmission pathways, and individuals
should practice good hygiene to ensure that drinking
water and food are clean and safe. Meanwhile, research-
ers should be encouraged to develop more effective vac-
cines and drugs against HEV. Studies have also shown

that the levels of HEV antibodies are higher in swine-
herds and pig slaughterers than in the general population,
suggesting that prolonged occupational exposure to pigs
may also increase the risk of HEV infection [31]. Biosecu-
rity protection and vaccination should be strengthened
for people engaged in the whole process from breeding,
slaughtering, processing, and distributing and selling.
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%

Study Events Total ES (95% CI) Weight
Ma X, 2004 (Swine) 13 70 L — 0.1857 (0.1028, 0.2966) 1.47
Zheng YJ, 2006 (Swine) 5 160 gl 0.0313 (0.0102, 0.0714) 1.58
Liang JR, 2007 (Swine)1 2 55 0.0364 (0.0044, 0.1253) 1.42
Liang JR, 2007 (Swine)2 3 79 0.0380 (0.0079, 0.1070) 1.49
Ning HQ, 2007 (Swine) 15 65 1 —— 0.2308 (0.1353, 0.3519) 1.45
Gong G, 2008 (Swine)1 2 60 0.0333 (0.0041, 0.1153) 1.44
Gong G, 2008 (Swine)2 0 60 = 0.0000 (0.0000, 0.0596) 1.44
Gong G, 2008 (Swine)3 0 60— , 0.0000 (0.0000, 0.0596) 1.44
Gong G, 2008 (Swine)4 0 60— 0.0000 (0.0000, 0.0596) 1.44
Gong G, 2008 (Swine)s 1 160 @p= | 0.0063 (0.0002, 0.0343) 1.58
Gong G, 2008 (Swine)s 2 61 0.0328 (0.0040, 0.1135) 1.44
Ning HQ, 2008 (Swine) 11 426 1 —— 0.2606 (0.2195, 0.3050) 1.64
Yan YJ, 2008 (Swine) 24 480 i 0.0500 (0.0323, 0.0735) 1.64
Ji YL, 2008 (Swine) 29 120 1 —— 0.2417 (0.1682, 0.3283) 1.55
Xie BD, 2009 (Swine) 17 120 | —— 0.1417 (0.0847, 0.2171) 1.55
Ma YH, 2009 (Swine) 3 212 4= 0.0142 (0.0029, 0.0408) 1.60
Ma YH, 2009 (Cattle) 0 48 Q—I 0.0000 (0.0000, 0.0740) 1.39
Ma YH, 2009 (Goat) 0 196 4= . 0.0000 (0.0000, 0.0186) 1.59
Zhou JP, 2009 (Swine)1 9 127 p— 0.0709 (0.0329, 0.1303) 1.55
Zhou JP, 2009 (Swine)2 201 1699 | & 0.1183 (0.1033, 0.1346) 1.66
Zhao CY, 2009 (Rabbit) 25 335 0.0746 (0.0489, 0.1082) 1.63
Li Z, 2009 (Swine) 110 493 1 + 0.2231 (0.1871, 0.2625) 1.64
Chang YB, 2009 (Swine) 19 83 1 —— 0.2289 (0.1438, 0.3342) 1.50
Xia YG, 2010 (Swine) 22 400 0.0550 (0.0348, 0.0821) 1.63
Zhao W, 2010 (Swine)1 194 508 | —— 0.3819 (0.3395, 0.4257) 1.64
Zhao W, 2010 (Swine)2 33 182 ,  —— 0.1813 (0.1282, 0.2451) 1.59
Fu HW, 2010 (Swine) 70 125 —— 0.5600 (0.4684, 0.6486) 1.55
Jinshan, 2010 (Swine) 30 356 0.0843 (0.0576, 0.1181) 1.63
Ren RQ, 2011 (Swine) 49 216 v — 0.2269 (0.1728, 0.2886) 1.60
Song TF, 2011 (Swine) 32 106 J ———— 0.3019 (0.2165, 0.3987) 1.53
Li WG, 2011 (Swine)1 6 95 mefp— 0.0632 (0.0235, 0.1324) 1.52
Li WG, 2011 (Swine)2 5 60 . e 0.0833 (0.0276, 0.1839) 1.44
Geng YS, 2011 (Rabbit)1 0 1804= | 0.0000 (0.0000, 0.0203) 1.59
Geng YS, 2011 (Rabbit)2 2 107 ol 0.0187 (0.0023, 0.0659) 1.53
Geng YS, 2011 (Rabbit)3 6 463 @ | 0.0130 (0.0048, 0.0280) 1.64
Geng YS, 2011 (Rabbit)4 2 180 4= . 0.0111 (0.0013, 0.0396) 1.59
Geng YS, 2011 (Rabbit)s 12 103 ——— 0.1165 (0.0617, 0.1947) 1.53
Geng YS, 2011 (Rabbit)6 0 33 0.0000 (0.0000, 0.1058) 1.29
Si FS, 2012 (Swine) 297 1487 | - 0.1997 (0.1797, 0.2210) 1.66
Xiao P, 2012 (Swine) 8 56 0.1429 (0.0638, 0.2622) 1.42
Geng YS, 2013 (Swine)1 22 9 1 —— 0.2340 (0.1529, 0.3326) 1.52
Geng YS, 2013 (Swine)2 37 125 1 . o 0.2960 (0.2177, 0.3842) 1.55
Geng YS, 2013 (Rabbit) 29 289 4 0.1003 (0.0682, 0.1409) 1.62
Wang S, 2013 (Rabbit) 42 661 - 0.0635 (0.0462, 0.0849) 1.65
Lu YH, 2013 (Swine)1 92 200 4 0.0383 (0.0310, 0.0468) 1.67
Lu YH, 2013 (Swine)2 47 1800 4 0.0261 (0.0192, 0.0346) 1.66
Shu XH, 2014 (Swine) 20 256 —— 0.0781 (0.0484, 0.1181) 1.61
Wu JY, 2015 (Sheep) 4 75 epb— 0.0533 (0.0147, 0.1310) 1.48
Wu JY, 2016 (Cow) 0 1104p I 0.0000 (0.0000, 0.0033) 1.66
Yan BY, 2016 (Cattle) 8 254 ol | 0.0315 (0.0137, 0.0611) 1.61
Woo PCY, 2016 (Camel) 3 251 = | 0.0120 (0.0025, 0.0345) 1.61
Long FY, 2017 (Goat) 52 74 1 ——— 0.7027 (0.5852, 0.8034) 1.48
Su Q, 2018 (Swine) 13 510 4= | 0.0255 (0.0136, 0.0432) 1.64
Zhang LH, 2018 (Tibetan Swine) 1 253 0.0435 (0.0219, 0.0765) 1.61
Geng YS, 2019 (Cow)1 0 467 @ N 0.0000 (0.0000, 0.0079) 1.64
Geng YS, 2019 (Cow)2 0 276 4 0.0000 (0.0000, 0.0133) 1.62
Zhang Y, 2020 (Swine) 82 800 - 0.1025 (0.0824, 0.1256) 1.65
Yin WJ, 2020 (Swine)1 12 100 e cos 0.1200 (0.0636, 0.2002) 1.52
Yin WJ, 2020 (Swine)2 16 212 —— 0.0755 (0.0438, 0.1197) 1.60
Yin WJ, 2020 (Swine)3 18 220 —— 0.0818 (0.0492, 0.1262) 1.60
Tian H, 2022 (Swine) 198 5588 4 | 0.0354 (0.0307, 0.0406) 1.67
Wang W, 2022 (Swine) 1 24004y 1 0.0046 (0.0023, 0.0082) 1.67
Lei MY, 2022 (Swine) 2 140 = 0.0143 (0.0017, 0.0507) 1.56
Yang DJ, 2022 (Tibetan swine) 38 229 + 0.1659 (0.1202, 0.2206) 1.60
Overall (12 = 97.7139%, p = 0.0000) ¢ 0.0762 (0.0557, 0.0996) 100.00
1
| | | | |
0 2 6 8 1

Fig. 4 Pooled prevalence of HEV RNA detection

In rural areas in the Chinese mainland, there are small-
scale farms that breed pigs, rabbits, and other domestic
animals together; therefore, various species of animals
use common utilities and are fed by the same workers.
This form of feeding has raised concerns about the cross-
species transmission of HEV. One study included in this
review compared the HEV genotypes of rabbits and pigs
living in the adjoining area and the results showed that
there was no evidence of cross-species transmission of

HEV between pigs and rabbits [47]. It is worth mention-
ing that the seroprevalence of HEV antibodies in rabbit
in the study was 23.18%. There was no significant dif-
ference compared to the pooled seropevalence in rabbit
in this review, which was 22.63%. However, the current
study found that the prevalence of HEV among many
other common domestic animals, such as Tibetan swine,
goats, and cows, was at a high level. These animals make
up a significant part of the livestock industry. In addition,
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Table 2 HEV prevalence categorized by species
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Species Number of Sets Number of Positive Number of Total Prevalence % 95% Cl 1%%
Antibody Cat 1 12 191 6.28 3.29-10.72 -
Cattle 5 585 2,063 31.21 13.68-52.09 98.93
Cow 5 179 1,714 13.04 556-2297 95.01
Dog 7 381 1,455 26.24 16.99-36.67 94.27
Donkey 1 38 276 13.77 9.93-18.40 -
Goat 6 549 2,601 29.30 14,88-46.19 98.23
Horse 2 19 149 12.58 7.60-1851
Rabbit 8 424 1,690 2263 9.21-39.74 98.21
Sheep 8 760 3,634 18.05 10.32-27.35 97.78
Swine 37 9,846 23,009 61.03 51.39-70.26 99.50
Tibetan Swine 3 880 2,166 38.70 28.68-49.23 -
Yak 3 54 898 9.51 1.83-21.95 -
Overall 86 13,727 39,846 37.94 32.28-43.77 99.27
RNA Camel 1 3 251 1.20 0.25-3.45 -
Cattle 2 8 302 217 0.66-4.30
Cow 3 0 1,853 0.00 0.00-0.08 -
Goat 2 52 270 826 5.19-11.92 -
Rabbit 9 118 2,351 345 1.25-6.54 90.32
Sheep 1 4 75 533 147-13.10 -
Swine 44 1,882 22,887 9.82 7.12-12.88 97.87
Tibetan Swine 2 49 482 9.30 6.84-12.08 -
Overall 64 2,116 28,471 7.62 5.56-9.96 97.71

HEV was widely detected in cats, dogs, donkeys, horses,
rabbits, sheep, yaks, and camels. Interestingly, research
found that the pooled prevalence rate of HEV antibod-
ies for yaks was relatively low and that the prevalence
rate for sheep in the same studies was also lower than the
pooled prevalence rate. Because yaks and sheep were all
fed through grazing in these studies, the low prevalence
might have been related to the mode of feeding [40, 73].
In recent years, an increasing number of HEV animal
hosts have been discovered [3—4]. Although the roles of
these animals in the transmission of zoonotic HEV are
still unclear, the increasing number of host animals and
the ongoing animal-to-animal and potential animal-
to-human transmission may lead to mutations of HEV,
which may in turn lead to cross-species transmission.
Therefore, HEV testing should be performed to monitor
pathogens among a wider range of domestic animals. Sci-
entific management of animal husbandry can help reduce
the risk of zoonotic disease transmission from infectious
sources.

The detection results of HEV antibodies and HEV
RNA were synthesized separately considering that there
were significant differences between these two markers
in terms of the representation, detection methods, and
prevalence. The seroprevalence of HEV antibodies was
tested using ELISA. The included studies were all aimed
at measuring HEV-specific IgG antibodies or total anti-
bodies with a detailed description of the principle and
application of the commercial kits or self-developed

methods used in these studies. This criterion ensured the
poolability of the results of the included studies. In terms
of HEV RNA detection, prevalence rates varied between
different sampling types. Among the various samples col-
lected from pigs, the detection rate in feces was the high-
est, which was 16.60% (95% CI: 12.17-21.55). However,
the pooled prevalence rate of HEV RNA in various sam-
ples of swine was almost half of the value in feces, which
was 9.82% (95% CI: 7.12—-12.88). This was because the
number of fecal samples only accounts for less than 1/3
of the total number of pig samples. The number of bile
samples was the largest in the studies of swine; mean-
while, the positive rate for bile samples was the lowest.
When the results for fecal samples of all animals were
screened, there were data from other animals such as
camels, cows, goats, and Tibetan swine; however, each
had only one study, which made the results not suitable
for poolability. It is necessary to unify the types of sam-
pling among studies of different species. However, in the
studies conducted before 2020, only RT-nested PCR was
used to detect HEV RNA, which was generally self-devel-
oped and complex in operation. After 2020, commercial
real-time PCR kits were widely applied, which facilitated
high-throughput screening; however, the sensitivity of
these commercial kits is less than that of the RT-nested
PCR method. In terms of the experiment principle, RT-
nested PCR has one more round of amplification than
real-time PCR, which is beneficial for the detection of
small amounts of viral load. Sequences obtained using
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Subgroup Sets Positive Total Prevalence % 95% Cl %%
Antibody Sampling Period <2010 4 1,000 1,406 70.65 50.29-87.46 98.18
>2010,<2015 2 421 655 64.32 60.60-67.97 -
>2015, <2020 6 2,022 4,294 46.87 38.93-54.89 95.70
>2020 2 614 2,774 2152 20.01-23.07 -
Sampling Region East 7 1,352 1,799 75.18 67.61-82.06 91.02
Middle 4 389 848 48.76 31.89-65.78 95.99
North 5 733 1,158 57.14 40.40-73.08 96.65
Northeast 4 784 1,165 48.52 16.96-80.76 99.11
Northwest 6 2,684 9,765 67.06 38.99-89.78 99.76
South 5 1,997 2,890 64.54 56.36-72.32 94.51
Southwest 6 1,907 5384 54.82 35.69-73.25 99.40
Total 37 9,846 23,009 61.03 51.39-70.26 99.50
RNA Sampling Period <2010 24 1,056 6,950 10.93 6.96-15.64 96.62
>2010, <2015 3 79 476 18.99 6.36-36.16 -
>2015, <2020 7 350 9,830 529 245-9.10 97.99
Sampling Region East 22 1,180 17,142 6.75 3.94-10.20 98.17
North 7 144 1,027 15.84 9.65-23.18 87.69
Northwest 4 88 462 1547 0.00-48.43 98.24
South 5 306 2,689 14.97 1.92-36.70 99.10
Southwest 6 164 1,567 8.68 427-14.38 89.94
Sample Type Bile 15 482 14,435 4.63 3.06-6.49 94.17
Feces 21 1,307 7483 16.60 12.17-21.55 96.22
Liver 3 39 337 6.22 0.00-20.38 -
Lymphonodi mesenterici 1 0 60 0.00 0.00-0.596 -
Serum 3 54 512 10.50 2.87-21.80 -
Spleen 1 0 60 0.00 0.00-0.596 -
Detection Method Real-Time PCR 8 352 9,970 475 2.22-8.11 96.86
RT-nested PCR 36 1,530 12,917 11.20 7.87-15.02 97.31
Total 44 1,882 22,887 9.82 7.12-12.88 97.87

RT-nested PCR can be further studied for genotyping
and homology analysis. Meanwhile, it is difficult to design
primers in Real-Time PCR for conserved sequences of
HEV covering a wide range of genotypes due to the high
difference between different genotypes. From our previ-
ous results [76], the sensitivity of commercial Real-Time
PCR kits was lower than that of RT-nested PCR, resulting
in false negatives for RNA detection. These two methods
have their advantages and drawbacks; therefore, we rec-
ommend combining these methods to study the preva-
lence of HEV RNA. Currently, there are no recognized
fragments for HEV genotyping due to the lack of an in
vitro model of HEV culture and difficulties in obtain-
ing HEV genome sequences. The RdRp region, ORF2/3
overlap region, ORF2 5’ end, and ORF2 3’ end are usually
selected for HEV genotyping [87]. Only short fragments
of less than 1 kb were obtained. This limits the uniform
analysis of genotyping and even subtyping results across
different studies, as well as systematic cross-species
homology analysis. With the development of the next-
generation sequencing method, further research should
be conducted to overcome this limitation.

One limitation of this review is that the included stud-
ies reported the prevalence of HEV with high heterogene-
ity. The influence analysis showed that the meta-analysis
model was highly stable. The potential causes of hetero-
geneity were explored through subgroup analysis. The
results showed that the heterogeneity decreased slightly.
This suggests that the determinants of heterogeneity
remain to be explored. Furthermore, a P value of <0.05
was considered to indicate the presence of publication
bias. To ensure the quality of this review, the included
studies were limited to published articles in peer-
reviewed journals; therefore, negative results reported
in unpublished studies or other forms of reports, such
as conference reports or dissertations, might have been
neglected.

In general, this review systematically searched and
assessed studies on the detection of HEV in domes-
tic animals in the Chinese mainland published in both
Chinese and English. The results collected from the
included studies provided valuable data on HEV preva-
lence across various species, and the characteristics,
trends, and potential influencing factors were fully dis-
cussed. This review provides public health professionals,
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policymakers, and researchers with comprehensive and
up-to-date research data on zoonotic HEV.
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