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Abstract

Hepeatitis E virus (HEV) is an acute zoonotic infectious disease that can cause hepatitis E and may even lead to death in severe cases.
Porcine organisms are regarded as the natural hosts carrying hepatitis E virus, and it is also commonly found in other products.
Meanwhile, shellfish are also one of the main hosts. The aim of this study was to estimate the global prevalence of hepatitis E virus
in shellfish at different periods through meta-analysis. By searching three Chinese databases (CNKI.cn, Vipu, Wanfang) and two
English databases (Science Direct and Web of Science), a total of 27 articles published between 2011-2024, from five databases
were included. Using the random effects model for analysis, the overall prevalence of HEVs in shellfish was 3.7% (95% confidence
interval: 3.3-4.1%). In terms of shellfish species, the prevalence of mussels was 4.7% (95% confidence interval: 3.9-5.5%),
slightly higher than that of clams at 3.9% (95% confidence interval: 2.8-5.0%), and much higher than that of oysters at 1.7% (95%
confidence interval: 1.0-2.5%). Due to the small sample size and no positive samples detected, other shellfish species do not have
much reference significance. In terms of time periods, the prevalences in 2011-2012 at 15% (95% confidence interval: 11.2-19.3%)
and in 2015-2016 at 16.7% (95% confidence interval: 12.0-22.1%) were much higher than those in other time periods. In terms of
regions, the prevalence in Spain was the highest at 21.5% (95% confidence interval: 16.7-26.8%), while the prevalences in China
and Italy had higher reliability. Regarding the genotypes of HEVs infecting humans through shellfish, HEV-3 is predominant in
Europe, while HEV-4 is mainly found in Asian and African regions. By monitoring the prevalence of HEV in shellfish, the risk of
people getting infected with HEV through consuming shellfish can be reduced, people’s risk perception of HEV can be enhanced,
and relevant suggestions for reducing the prevalence of HEV in shellfish can be provided for regulatory authorities and related
aquaculture institutions. This study also has some limitations, such as the impacts of research methods, heterogeneity, and the
differences between real situations and ideal conditions on the research results. However, it also provides a foundation for future
studies on the distribution of HEV genotypes and the influence of different factors on hepatitis E virus in shellfish.
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|I. Introduction indirectly infect other animals and plants through the envi-
ronmental media. HEVs is one of the important pathogens

HEV is a member of the hepatitis virus family. HepatitisE  of viral hepatitis on a global scale. In some developing

caused by it, is an acute zoonotic infectious disease, which
is mainly transmitted through the fecal-oral route. After
the infected animals excrete feces and the feces are not
disposed of in a timely manner, they contaminate environ-
mental media such as soil and water, and then directly or

countries, about half of the acute viral hepatitis cases are
related to HEV [1,2]. Usually, most of the patients are
infected because they have consumed the infected plants,
animals or their internal organs as well as water sources,
etc. According to the investigation of the WHO, about
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20 million people are infected every year, 3.3 million peo-
ple show clinical symptoms, and more than 70,000 people
die from HEV infection [3]. According to the report of
the Chinese Center for Disease Control and Prevention, it
can be statistically concluded that about 20,000 to 30,000
people in China seek medical treatment every year due
to infection with the HEVs. The report of China’s notifi-
able infectious diseases shows that in the past decade, the
reported number of cases of HEVs has exceeded that of
hepatitis A virus, and its reported mortality rate has risen
to the first place among the five major viral hepatitis [4].
Moreover, before 2012, about 30 people died of HEVs
every year. After 2013, about 20 people die of HEV in-
fection every year. Figures 1 and 2 show the number of
people with HEV infection and the number of deaths in
China from 2010 to 2023 every year.
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Figure |: The number of cases of HEVs in China, 2010-2023.
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Figure 2: HEVs deaths in China, 2010-2023.

HEV has an extremely strong survival ability and
can be transmitted through the most common environmen-
tal media. Nowadays, it can be detected in or on the sur-
faces of many animals and plants, and also in environmen-
tal water bodies.

Porcine organisms are regarded as the natural hosts
carrying hepatitis E virus. A survey in the Netherlands in
2014 showed that the prevalence of anti-HEV antibodies
was 89.0% in 417 organic pigs, 72% in 265 convention-
ally farmed pigs, and 76% in 164 free-range pigs [5]. In
2017, among 115 slaughtered pigs in Hebei, the preva-
lence of HEV antibody sera was 90.4% [6]. Crossan et al.
collected shellfish near slaughterhouses and pork process-
ing plants respectively and conducted tests. The detec-
tion rates of HEV RNA were 92% and 55% respectively.
Gene sequence analysis showed that all samples belonged
to HEV-3, similar to the HEV sequences isolated from
local pigs and humans. This suggests that HEV-3 might
be transmitted through water sources and shellfish con-
taminated by human excreta [7]. The runoff sewage from
farms or slaughterhouses may cause HEV to contaminate
river channels. Bivalve shellfish are filter-feeding organ-
isms, and they can accumulate and concentrate pathogens
in the environment within their tissues, which increases
the risk of HEV transmission by aquatic animals such as
bivalve shellfish [8]. After pigs are infected with HEV
during the farming process, their untreated excreted fe-
ces will contaminate nearby water sources and the ocean,
and then infect other animals and plants. Therefore, HEV
mostly exists in the water sources, animals and plants
around the infected pig farms. Shellfish, as one of the
most common marine organisms, is known as the “marine
purifier”. It grows by filtering tiny organisms or influenc-
ing substances in the ocean, and inevitably filters con-
taminated water bodies during the process, thus getting
infected with HEV. The latest research shows that hep-
atitis E has been recorded as a foodborne disease related
to the consumption of shellfish [9,10]. In recent years,
the catches and farming volumes of shellfish in countries
around the world have been on the rise continuously. Just
in China, in 2022, the total farming volume of domestic
shellfish in China was as high as 1588.26 tons [11]. Shell-
fish has long become a delicacy on the dining table, and
people in coastal areas take shellfish as one of the main
consumer foods. Once people eat shellfish infected with
HEYV, it is likely to cause a series of diseases, and in severe
cases, it may even lead to death.

The clinical manifestations of HEV infection are
similar to those of hepatitis A and hepatitis B. It can cause
great harm to pregnant women, with the risks of miscar-
riage, fetal or maternal death. The mortality rate in preg-
nant women is as high as 25% [12]. After the elderly

Xie et al.

Sustainable Food Connect


https://scifiniti.com/
https://scifiniti.com/journals/sustainable-food-connect

C(g) SCIFINITI

2025, Vol. 1, Article ID. 2025.0003
https://doi.org/10.69709/SustainFoodConn.2025.103627

are infected, it can cause fulminant liver failure and a se-
ries of hepatitis E complications, such as renal failure,
acute pancreatitis, neurogenic muscular atrophy and en-
cephalitic nerve syndromes [13]. This article collected,
analyzed and integrated the data from the literatures on
the infection of HEVs in shellfish in various countries.
This article aims to evaluate the prevalence of hepatitis
E virus (HEV) in shellfish in different countries and pe-
riods through meta-analysis. Through the investigation
and analysis of the prevalence of hepatitis E virus in shell-
fish among different shellfish species, different periods
and different geographical locations, it provides reference
standards for relevant testing departments to control hep-
atitis E virus infection in shellfish. The research shows
that in terms of species, the comprehensive prevalence
rate of HEVs in clams and mussels is slightly higher than
that in oysters and other shellfish of unknown species. In
terms of time, the comprehensive prevalence rate during
2011-2012 and 2015-2016 is much higher than that in the
remaining time periods. Further, in terms of geographical
location, the infection situation of HEVSs in shellfish in
Vietnam, the UK and Spain is more serious than that in
other countries.

2. Materials and Methods

2.1. Article Search Strategy, Eligibility
and Inclusion

This study followed the PRISMA guidelines to search for
and collect relevant literature for meta-analysis. The search
scope included two English databases (ScienceDirect and
Web of Science) and three Chinese databases: China Na-
tional Knowledge Infrastructure (www.cnki.net, accessed
on 15 October 2024), Wanfang Data Knowledge Service
Platform (www.wanfangdate.net, accessed on 15 Octo-
ber 2024), and VIP Database (http://qikan.cqvip.com/, ac-
cessed on 15 October 2024). The time range included rel-
evant articles from 2010 to 2024. The search keywords for
the two English databases were: [(HEV) OR (HEVs)] AND
[(shellfish) OR (oyster) OR (mussels) OR (clam)] AND
(2010:2024). The search keywords for the three Chinese
databases were: (HEV) AND [(shellfish) OR (oyster) OR
(mussels) OR (clam)] AND (2010:2024).

The retrieved articles were read, and those with du-
plicate records were screened out. An article was consid-
ered to meet the requirements of this study, if it presented
the following research: (I) Relevant investigations such
as contamination rates and positive rates were included in
the article; (IT) There was qualitative or quantitative anal-
ysis related to HEV; (I1I) Different types of shellfish were
clearly identified; (IV) The total number of samples ex-

ceeded 25; (V) Whether the sampling locations were ran-
dom. The above principles should be strictly followed dur-
ing the relevant search.

During the search process, it was found that the rele-
vant literature on HEVs in shellfish was very scarce, re-
sulting in a limited number of available studies. After
reading this part of the literature, it was found that, except
for a few review articles, most of the research articles had
accurate qualitative or quantitative detection data. There-
fore, the research data of most articles could be used. The
whole search process is shown in Figure 3. After search-
ing for relevant keywords in five databases, a total of 361
relevant records were displayed. After the first round of
eliminating duplicate entries, only 77 records remained.
Then, after reading the titles and abstracts of the litera-
ture, 146 irrelevant articles were excluded. After that, by
reading the full texts, review articles, articles with incor-
rect/ambiguous results, articles with the number of sam-
ples not meeting the inclusion criteria, and articles without
qualitative or quantitative detection were excluded, leav-
ing only 43 records. Ultimately, 27 articles were selected
for inclusion in this meta-analysis. A total of 5052 shell-
fish biological samples were extracted from these 27 re-
search articles, and 186 positive samples were detected.

After extracting the data of the 27 included rele-
vant studies, the following five aspects of relevant reviews
were carried out on these 27 relevant research articles: (1)
Whether the selected samples were completely random;
(2) Whether the researchers were professional researchers;
(3) Whether the relevant data in the articles were accurate;
(4) Whether there was a situation of selectively report-
ing part of the data in the article; (5) Whether there were
other influencing factors. On the basis of the research
articles, the potential biases are summarized in Figure 4.
The yellow items * indicate uncertainty or unclearness,

the green items ® indicate low risk or affirmation, and
the red items ® indicate high risk or negation. The data
shown in the figure can indicate that the included litera-
ture is basically available. The data provided in the vast
majority of articles are to a certain extent clear and accu-
rate, avoiding large biases in the analysis process. The
relevant researchers who participated in the publication
of the articles also have relevant professional knowledge
and sufficient research experience, making the data pre-
sented in the articles more credible. In terms of data, most
of the literature provided specific data and had detailed
relevant detection methods to prove their research and ex-
perimental methods. The above points greatly enhance
the credibility of this study.
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Figure 3: Prisma Flow Chart for Document collection and screening.

2.2. Data Extraction

After carefully reading and selecting the relevant litera-
ture, the following data were extracted from the articles:
the species of shellfish samples, sampling methods, re-
search years, the number of collected samples, the number
of positive samples, and the geographical location of the
sampling area. After extraction, the data were entered into
Microsoft Excel and formatted in Microsoft Excel before
further analysis was carried out.

2.3. Data Analysis

Commonly used Meta-analysis software includes R lan-
guage, Stata and Review Manager. Compared with R lan-
guage and Stata, Review Manager focuses more on sys-
tematic reviews and meta-analysis. Moreover, this soft-
ware incorporates a large number of methods and effect
models related to meta-analysis and systematic reviews,
such as the fixed-effect model, random-effects model, and
forest plot drawing. It can display research results and
data characteristics in an intuitive manner. Additionally,
this software is more user-friendly than R and Stata, mak-
ing it particularly accessible for beginners and facilitating
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more convenient data calculations. Therefore, the Review
Manager 5.4 version is chosen for relevant data analysis.
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Figure 4: Summary of risk bias in the included literature

[7,10,14-38].

Meta-analysis was conducted on the included liter-
ature using Review Manager 5.4. Quantitative data were
analyzed using the random effects model. Based on the
sampling areas, sampling environments, positive rates,
and years of research publication in various countries, the
prevalence of HEVs in shellfish in different time periods
or countries was analyzed by subgroups. Heterogeneity
was evaluated by Cochran’s Q test [39], and the level of in-
consistency was evaluated by Higgins and Thompson’s I?
test [40]. Funnel plots and Egger’s test were used to eval-
uate possible publication bias (p < 0.05 was considered an
indication of statistically significant publication bias).

3. Results Analysis

3.1. Literature Selection and Data
Characteristics

The development process of China’s laws and regulations
regarding HEVs is shown in Figure 5. In 1997, the di-
agnostic criteria for Hepatitis E were promulgated for the
first time, which was the first diagnostic criteria related
to Hepatitis E in China [41]. Then, in 2008, the first ver-
sion of the diagnostic criteria was revised and improved,
and the second version of the diagnostic criteria for Hep-
atitis E was promulgated [42]. In 2011, the RT-nPCR and
ELISA detection methods for animal Hepatitis E were pro-
mulgated, which was the first formal promulgation of the
method for detecting HEVs in animals [43]. In 2014, two
methods for detecting hepatitis E virus (HEV) in domes-
tic animals were promulgated: the RT-PCR method for
the determination of HEVs in pigs, cattle, and sheep [44],
and the nested reverse transcription polymerase chain re-
action method for the detection of HEVs in domestic ani-
mals [45]. However, the relevant limit standard for HEVs
in food promulgated by China has not been found. There-
fore, the laws and regulations regarding the detection of
HEVs still need to be improved.

3.2. Distribution of Different Genotypes
of HEV

There are eight genotypes of HEV, among which HEV
1 to HEV 4 can infect humans. In developing countries
with poor sanitary conditions, HEV is mainly transmitted
through water sources, whereas, in industrialized coun-
tries, HEV is mostly transmitted through food sources [46].
Gao Shenyang et al. [47] found that 13 kinds of HEV gene
sequences were isolated from shellfish samples collected
in the estuary and coastal areas of China, all of which
belonged to HEV 4 type. HEV 1 and HEV 2 can only
infect humans, and these two genotypes mainly appear in
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Figure 5: HEVs testing standards and development timeline in China.

some areas with poor sanitary conditions in the Middle
East, Africa, and South America. At the same time, there
will also be some cases of infection by HEV 4 type. In
these areas, the most important reason for the outbreak of
hepatitis E infectious diseases is water pollution, which
will lead to occasional large-scale infection events. HEV
3 type and HEV 4 type are zoonotic types, mainly existing
in industrialized countries [48]. The approximate distribu-
tion of different genotypes of HEVs around the world is
shown in Figure 6.

3.3. Prevalence Probability of HEVs in
Different Species of Shellfish

A total of 5052 shellfish samples were included in this
study. All the samples included in the literature were di-
vided into four major categories: oysters, mussels, clams,
and others. Table 1 shows the total number of the four
types of shellfish in the included literature as well as the
comparison of positive rates and prevalences. The com-
prehensive prevalence in the table was calculated using
the RiskBert function in @risk software. RiskBert is an
optimized formula of the Bert function, mainly used for
handling risk assessment and other tasks, and is more suit-
able for calculating prevalence problems than other func-
tions. It can be seen from the table that the most mussel
samples were used in the study, accounting for 52.4% of
the total sample number. At the same time, the detected
positive samples also accounted for 66.1% of the total pos-
itive samples, and the comprehensive prevalence was also
the highest among the major types. After calculation, the
comprehensive prevalence of oysters was relatively lower

than that of other types of samples. The sample sizes of
other types of shellfish were small, and the confidence in-
tervals fluctuated greatly. The prevalence of HEV in the
total shellfish was 3.7%, with a 95% confidence interval
of (3.2-4.2%). Based on the content in the Table 2, it can
be concluded that the order of the prevalence of HEV in
the major shellfish is mussels > clams > oysters. The sam-
ple sizes of other types of shellfish are too small, and the
calculated confidence intervals span a large range, so they
are not suitable for relevant comparisons.

3.4. Prevalence Probability of HEVs in
Shellfish at Different Time Periods

All the research literatures included in this study are within
the range of 2011-2024. The period from 2011 to 2024
was divided into seven segments, with each segment cov-
ering a period of two years. The literatures within each
time segment were summarized; for example, 2011-2012,
2013-2014, and so on. After summarization, the over-
all prevalence level of HEVs detected in shellfish within
each time segment was calculated, resulting in Figure 7
and Table 3. As shown in Figure 7, the larger the arc oc-
cupied by a certain time segment in the figure, the more
samples were used to study the HEVs-carrying situation
in shellfish within that time segment, indicating a higher
credibility of the detected prevalence rate. The farther the
arc representing a certain time segment is from the cen-
ter of the circle in the figure, the higher the prevalence
rate of that time segment, and the greater the risk of being
infected with HEVs by consuming shellfish during that
period. Table 3 shows the total number of all research
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Figure 6: Global distribution of four HEV genotypes.

shellfish objects in the included literatures within that time
segment, as well as the number of positives, comprehen-
sive prevalence rate, and 95% confidence interval within
that time segment. From the data in the figure and the ta-
ble, it can be observed that the comprehensive prevalence
rates of HEVs in the two-time segments 0f2011-2012 and
2015-2016 are much higher than those in other time seg-
ments. Further, in the subsequent several time segments,
the comprehensive prevalence rate of HEVs in shellfish
has decreased significantly and stabilized at a relatively
low level (around 1-5%).

3.5. Prevalence Probability of HEVs in
Shellfish from Different Countries

The countries to which the included research literatures be-
long were classified, and Table 4 was summarized. Most
of the included research literatures were from Southeast
Asia and Europe, and a small part were from Africa or
the Middle East. By observing the data in the table, it
can be seen that the prevalence rate in Spain was much
higher than that in other countries. Among the 27 included
research literatures, 2 were from Spain, which were pub-
lished in 2016 and 2019 respectively. Twelve and forty-
one samples out of 81 and 168 shellfish samples were de-
tected to carry HEVs. The sampling time of both litera-
tures was as long as 18 months, and the long sampling

time, on the other hand, reduced the possibility of errors
caused by multiple or repeated samplings within a rela-
tively short period of time. It can be indicated that the
shellfish in Spain were seriously polluted by HEVs. Be-
sides Spain, the pollution levels in the United Kingdom
and Vietnam were also relatively high, reaching more than
10%. The pollution levels in other countries were rela-
tively low. In certain countries, such as Denmark, Turkey,
and Morocco, the limited number of samples included in
the research diminishes their value as reliable references
for estimating the prevalence of HEV in shellfish over ex-
tended periods within their territories. For some countries,
such as China and Italy, the number of research objects in-
cluded was sufficient and the sampling and research times
were different, so the prevalence rates calculated basically
could represent the prevalence rate of HEVs in shellfish
in these countries in recent years. Although the detection
rate of HEV in shellfish is usually low at present, it has
been confirmed by previous research that HEV has bio-
logical accumulation in shellfish [28].

Based on the research data of the literatures included
in this study, it can be seen that the prevalence rate of
HEVs in shellfish in most Asian countries is lower than
that in most European countries. The main reason may
be that most European countries started the development
and utilization of the ocean earlier than Asian countries,
which led to the pollution of the water sources near the
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Table I: The types and quantities of samples included in each article as well as the countries where they are located.

Oyster  Mussel Clam Others Total Sampling Position
A. Namsai 2011 52 92 69 0 213 Thailand
CHANM C W 2017 479 0 0 0 479 China
Claire Crossan 2012 0 48 0 0 48 Britain
Domenica Donia 2012 0 37 0 0 37 Italy
Dong Joo Seo 2014 51 50 51 0 152 Korea
E. Suffredini 2020 63 0 58 0 121 Vietnam
Ewelina Bigoraj 2024 0 246 0 0 246 Poland
Gianfranco La Bella 2020 32 182 0 11 225 Italy
Giovanna Fusco 2017 0 108 0 0 108 Italy
Giovanna Fusco 2019 0 280 9 0 289 Italy
Giusi Macaluso 2021 14 124 0 24 162 Italy
Hanad Bazir 2022 0 52 0 0 52 Morocco
Huseyin YILMAZ 2018 0 92 0 0 92 Turkey
Kata Farkas 2024 150 114 0 0 264 Britain
KrogJ. S. 2014 0 29 0 0 29 Denmark
La Rosa Contact G. 2018 0 384 0 0 384 Italy
Marco Grodzki 2014 73 94 119 0 286 France
Mesquita JR 2016 0 81 0 0 81 Spain
Purpari Giuseppa 2019 2 90 2 14 108 Italy
Rivadulla 2019 0 105 63 0 168 Spain
Roberta Battistini 2021 0 20 0 0 20 Italy
Shenyang Gao 2015 0 0 126 0 126 China
Zoe O’Hara 2018 40 270 0 0 310 Britain
WH C 2022 11 48 87 5 151 China
SH Gao 2017 0 0 315 0 315 China
QY Wang 2023 120 0 0 0 120 China
H Zhang 2019 103 101 262 0 466 China

Table 2: Analysis of the comprehensive prevalence of HEVs in different types of shellfish organisms.

The Total Number of Research Number of frl?zﬂZitznl:;‘;z
Objects Included in the Study Positives (95%CT)
shellfish 1190 19 1.7% (1.0-2.5%)
oyster 2647 123 4.7% (3.9-5.5%)
mussels 1161 44 3.9% (2.8-5.0%)
Others 54 0 1.8% (0-6.5%)

Table 3: The total number of studies, positives and prevalence of the included literature in each time period from 2011 to 2024.

. . The Total Number of Research Number of Comprehensive
Time Period Objects Included in the Study Positives Prevalence Rate
(95%CI)
2011-2012 298 44 15% (11.2-19.3%)
2013-2014 467 0 0.2% (0-0.9%)
2015-2016 207 34 16.7% (12.0-22.1%)
2017-2018 1,688 25 1.5% (1-2.3%)
2019-2020 1,377 63 4.6% (3.6-5.9%)
2021-2022 385 6 1.8% (0.7-3.5%)
2023-2024 630 14 2.4% (1.3-3.8%)
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ocean and, in turn, the pollution of the shellfish living in
the ocean.

A funnel plot is a graphical tool commonly used in
meta-analyses to assess the potential risk of bias. The
points in the plot are asymmetrically distributed, as shown
in Figure 8. Each circle in the figure represents a study
in the meta-analysis. The dotted line represents the 95%
confidence interval. The X-axis represents the prevalence
rate of positive samples calculated in the research litera-
ture, and the Y-axis represents the standard error of the
article. In the absence of publication bias, the closer the
point is to the top, the larger the sample size it selects, and
the more accurate the research result is. On the contrary,
the lower the research is, the greater the deviation from
the overall experimental result, thus forming an inverted
funnel shape. The studies should be approximately sym-
metrically distributed in the entire funnel area. From the
funnel plot of this study, it can be seen that there is a cer-
tain asymmetry, and most of the points can be verified by
the Egger test result (p < 0.000001). Combined with the
Egger test result, it is known that this study has some publi-
cation bias. This may be closely related to the scale of the
samples included in the study and the study years, result-
ing in differences in sample data and impacting the study.
In order to avoid the mutual influence of publication bias
caused by the mixture of non-Chinese and non-English ar-
ticles, these two types of studies were differentiated and
discussed independently. However, due to the fact that too

m 16.7%

15.0%

Figure 7: Prevalence of HEVs in shellfish, 2011-2024.

few non-English articles were included, it was impossible
to conduct an assessment of publication bias. Only the
publication bias of non-Chinese articles could be evalu-
ated, and Figure 9 was obtained. Compared with Figure 8,
the pooled effect size represented by the central blue dot-
ted line shifted slightly to the right along the X-axis, in-
dicating that the degree of association among the various
studies was strengthened.

All the included literatures were integrated and ana-
lyzed in detail to construct a forest plot, as shown in were
adopted to facilitate the statistical characterization of each
data. The forest plot is used to describe the effect size and
confidence interval of each included study [40]. In the
Cartesian coordinate system, with a vertical null line (the
abscissa scale is 0 or 1) as the center, multiple line seg-
ments parallel to the horizontal axis are used to represent
multiple research objects, and a rhombus (or other figure)
is used to depict the combined effect size and confidence
interval of multiple studies [49]. The point in the center
of the line segment represents the weight of this literature
among all the literatures. The larger the point, the greater
the contribution of this article to the whole META analy-
sis. In this study, the Risk Ratio (RR) under the random
effects model was adopted. The rhombus representing the
total effect size did not intersect with the null line (the ab-
scissa scale is 1). RR < 1 indicates that under certain in-
tervention conditions, the prevalence level of hepatitis E
in shellfish can be reduced. By comparing Figure 10 with
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Table 4: Prevalence of HEVs in shellfish by country worldwide.

The Total Number of Comprehensive .
. Number of Continent of
Research Objects Included Positives Prevalence Rate Affiliation
in the Study (95%CI)

Thailand 213 0 0.5% (0-1.7%) Asia

China 1,657 39 2.4% (1.7-3.2%) Asia

Vietnam 121 14 12.2% (7.0-18.5%) Asia
United Kingdom 622 62 10.1% (7.9-12.6%) Europe
Italy 1,333 17 1.3% (0.8-2.0%) Europe
Spain 249 53 21.5% (16.7-26.8%) Europe

Turkey 92 0 1.0% (0-3.9%) Asia
Morocco 52 0 1.9% (0—6.7%) Africa

South Korea 152 0 0.6% (0-2.4%) Asia
France 286 0 0.3% (0-1.3%) Europe
Denmark 29 0 3.2% (0-11.6%) Europe
Poland 246 1 0.8% (0.1-2.2%) Europe

Figure 11, it was found that the heterogeneity among the
various studies had decreased to a certain extent, but there
was still some publication bias.

4. Discussion & Conclusions

The main reason for shellfish being infected with HEV
is that during the process of absorbing substances from
the surrounding environment, they take in water sources
or nutrients carrying HEV into their bodies and become
infected with HEV after digestion and absorption. How-
ever, no research has shown that HEV has a special impact
on shellfish. Therefore, it can be considered that shell-
fish only play the role of a transmitter or transporter in
the whole transmission process. In nature, there are many
kinds of shellfish, and the common shellfish mainly in-
clude oysters, clams, mussels, etc. Therefore, the research
objects of relevant studies are also mainly these common
shellfish. Due to the lack of research on relatively rare
shellfish species, such as giant clams and hairy clams, rele-
vant literature is unavailable. Consequently, these species
are not included in this analysis.

Shellfish is one of the most common marine prod-
ucts for daily consumption. It is rich in protein, vitamins,
and various fatty acids, which can enhance the immune
function of the human body and this makes it very pop-
ular among people. In recent years, its consumption and
cultivation have been in a state of rapid growth. Along
with this comes the safety issue of shellfish. Research
has shown that in 2013, a follow-up survey of 122 cases
of acute hepatitis E was completed to investigate the sus-
pected risk factors exposed during the incubation period of
hepatitis E. It was found that the consumption of marine
products accounted for 50% [50]. At present, there have

been no large-scale hepatitis E infection events caused by
the consumption of infected shellfish. This is also closely
related to the detection standards formulated by the World
Health Organization and various countries, which can pre-
vent the polluted shellfish from entering the market in ad-
vance. This study mainly focuses on the prevalence rate
of shellfish in various countries and conducts subgroup
and meta-analyses. This is beneficial for each country to
evaluate the pollution situation of shellfish within its own
country, discover the relevant hazard risks as early as pos-
sible, and prepare in advance to face the risks. However, it
is far from enough to only investigate the prevalence rate
of each country. Each country should attach importance
to the research and investigation of shellfish, subdivide
the pollution situation of various shellfish product types
and cultivation locations, so as to provide more detailed
information for exposure risk assessment.

As early as 2014, Grodzki M et al. [10] compared
the accumulation efficiencies of four different species of
shellfish in France with regard to hepatitis E virus (HEV),
demonstrating that shellfish can accumulate HEV in the
environment. They also analyzed the possibility of shell-
fish being affected by the feces of porcine organisms and
conducted sampling and testing in contaminated areas as
much as possible. However, they did not find any shellfish
samples infected with HEV. Nevertheless, shellfish with
HEYV antibody vaccines were found in other regions of Eu-
rope, which provided a certain foundation for subsequent
studies on the enrichment and transmission of hepatitis E
virus in shellfish.

In this study, subgroup analysis was conducted by
using the random effects model and RR, and meta-analysis
was carried out with Review Manager version 5.4. The
comprehensive prevalence rate of HEVs (HEV) in shell-
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Figure 10: Forest map of HEVs prevalence in shellfish in all studies
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fish from 2011 to 2024 was obtained as 3.7% (95%CI: 3.3—
4.1%). Between 2011-2012 and 2015-2016, the preva-
lence of Hepatitis E was notably higher compared to other
periods, followed by a steady decline. This pattern sug-
gests that specific factors during those peak years may
have contributed to the intensified spread of the Hepati-
tis E virus (HEV). Subsequently, the observed decrease
in prevalence could be attributed to the implementation
of effective prevention and control measures or other in-
fluencing factors. From the perspective of countries, the
pollution level of shellfish in Spain was the most serious,
and the pollution levels of shellfish in China and Italy were
more credible compared to those in other countries. The
main genotype of HEV in the European region is HEV
3 type, the main genotype in the Middle East and Africa
regions is HEV 1 type, while in Southeast Asia and East
Asiaregions it is HEV 4 type. This indicates that the geno-
types of hepatitis E virus (HEV) are closely related to ge-
ographical factors and are affected by multiple conditions,
such as the aquaculture environment, local climate con-
ditions, and the distribution of virus hosts. From the per-
spective of shellfish species, the prevalence of HEV in sev-
eral major shellfish species is ranked as mussels > clams >
oysters, which may be related to their living habits, feed-
ing patterns and biological characteristics. The prevalence
rate of HEVs in shellfish has been on a downward level
since 2015, which may be related to the ISO/TS 15216-
2:2013 promulgated by the WHO in 2013, or the detec-
tion standards for HEVs or other similar viruses promul-
gated in various countries. It cannot be ruled out that data
from certain studies may have significantly impacted the
overall prevalence during 2015-2016, resulting in higher
rates compared to other periods. Although the prevalence
rate of HEVs in shellfish in this study has remained at a
relatively low level in recent years, and it can be deter-
mined that the prevalence rate of HEVs in the samples ob-
tained after 2016 has slightly declined, there is still a risk
of threatening the health of consumers. Therefore, strict
control must be exerted on the links of shellfish cultiva-
tion, fishing, storage, and sales to reduce the probability
of shellfish being infected with HEVs from all aspects. Es-
pecially in the cultivation link, this link is most likely to
cause large-scale infections of shellfish. In addition, food-
borne viruses are important causes of global waterborne
transmission and outbreaks of shellfish-related diseases.
The detection of foodborne viruses in susceptible foods
such as shellfish cannot be ignored. The actual number of
safety incidents caused by them is higher than the reported
number, and the important reasons are that the viruses are
not detected and confirmed or are not detected due to low

content [51]. This study aims to establish a reference stan-
dard for evaluating global HEV contamination in shell-
fish, thereby raising awareness among industry profes-
sionals and governmental agencies worldwide to promptly
and proactively address potential consumer health risks.
Therefore, it is recommended that regulatory agencies in
various countries conduct regular sampling inspections to
investigate the contamination of cultured shellfish by hep-
atitis E virus in the water bodies, individual shellfish dur-
ing cultivation, and in the market, so as to prevent large-
scale outbreaks. At the same time, improve the detection
methods of hepatitis E virus and strengthen the require-
ments for the detection process. It is also recommended
that shellfish farming institutions ensure the cleanliness
of the aquaculture water during the farming process and
promptly handle possible sources of pollution (such as
animal feces, untreated sewage, and sediment in the farm-
ing area) in the farming environment. This can reduce the
prevalence of HEV in shellfish from the source and ensure
the safety of human consumption.

This study also has certain limitations. Firstly, there
are limitations in the research method. The results of the
Meta-analysis rely more on the quality of the published ar-
ticles. The quality of the articles directly affects the results
ofthe Meta-analysis. Articles are more inclined to publish
positive results, thus, affecting the publication bias of this
study. Secondly, the heterogeneity of the included arti-
cles has an impact on the study. Differences among arti-
cles in research methods, sampling objects (types of shell-
fish, cultured/wild shellfish), intervention measures (stor-
age environment, testing environment, etc.), time (sam-
pling time, testing time, etc.), environment (survival envi-
ronment of shellfish, collection environment), and sample
size will directly affect the results of the study. Although
statistical methods can be used to reduce the impact of het-
erogeneity, it is impossible to eliminate this impact. More-
over, the Meta-analysis is based on certain statistical mod-
els, and all statistical models have assumed conditions,
while the actual situation cannot perfectly meet these as-
sumed conditions.

All in all, this study has provided an important ba-
sis for understanding the prevalence of hepatitis E virus
in shellfish in different periods and locations around the
world, formulating targeted prevention and control strate-
gies, and safeguarding public health. This study also lays
a solid foundation for future investigations into the global
distribution of different HEV genotypes and the factors in-
fluencing HEV prevalence in shellfish across various ge-
ographical locations and environments.
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