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Abstract

Hepatitis E virus (HEV) is responsible for acute hepatitis in humans, through foodborne, zoonotic, and waterborne transmis-
sion routes. This study aimed to assess the prevalence of HEV in water matrices. Six categories were defined: untreated and
treated wastewater, surface water (river, lake, and seawater), drinking water, groundwater, and other water environments
(irrigation water, grey water, reservoir water, flood water, and effluent of pig slaughterhouse). We searched PubMed, Web
of Science, Global Index Medicus, and Excerpta Medica Database. Study selection and data extraction were performed by
at least two independent investigators. Heterogeneity (I?) was assessed using the 4 test on the Cochran Q statistic and H
parameter. Sources of heterogeneity were explored by subgroup analysis. This study is registered with PROSPERO, number
CRD42021289116. We included 87 prevalence studies from 58 papers, 66.4% of which performed in Europe. The overall
prevalence of HEV in water was 9.8% (95% CI 6.4—13.7). The prevalence was higher in untreated wastewater (15.1%) and
lower in treated wastewater (3.8%) and in drinking water (4.7%). In surface water, prevalence was 7.4%, and in groundwater,
the percentage of positive samples, from only one study available, was 8.3%. Overall, only 36.8% of the studies reported
the genotype of HEV, with genotype 3 (HEV-3) prevalent (168 samples), followed by HEV-1 (148 sample), and HEV-4
(2 samples). High-income countries were the most represented with 59/87 studies (67.8%), while only 3/87 (3.5%) of the
studies were performed in low-income countries. The overall prevalence obtained of this study was generally higher in
industrialized countries. Risk of bias was low in 14.9% of the studies and moderate in 85.1%. The results of this review
showed the occurrence of HEV in different waters environments also in industrialized countries with sanitation and safe
water supplies. While HEV transmission to humans through water has been widely demonstrated in developing countries,
it is an issue still pending in industrialized countries. Better knowledge on the source of pollution, occurrence, survival in
water, and removal by water treatment is needed to unravel this transmission path.
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Introduction

Hepatitis E is a liver infection caused by the hepatitis E
virus (HEV), a single-stranded RNA virus belonging to the
Hepeviridae family; species Orthohepevirus A of the genus
Orthohepevirus (Capai et al., 2018). HEV is an enteric virus
responsible for both acute and chronic disorders mainly in
the liver (Pischke et al., 2017). It can also cause neurologi-
cal manifestations in both acutely and chronically HEV-
infected patients (Cheung et al., 2012; Lhomme et al., 2021),
kidneys (Kamar et al., 2012), pancreas, and thrombocytes
(Aggarwal, 2011). The WHO (2021) noted about 20 million
new cases of HEV infections each year, with over 3 million
symptomatic cases. This poses the problem of prevention
by acting primarily at the transmission level (World Health
Organization, 2021). In the vast majority of infected indi-
viduals, HEV infection results in a self-limited, acute dis-
ease; however, acute infection can become chronic in rare
cases, almost exclusively associated to genotype 3 in immu-
nocompromised patients, including those that have under-
gone solid organ or stem cell transplantation (Damiris et al.,
2022; Marion et al., 2016). Members of Orthohepevirus A
have been assigned to eight different genotypes, G1-G8
(Purdy et al., 2017). Of these, genotypes G1-G4 are most
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‘WHO Region Number of studies HEYV prevalence
Europe 56 12.2% [7.6-17.7]
South-East Asia 10 9.9% [0.7-26.2]
America 7 6.5% [0.9-15.4]
Eastern Mediterranean 6 6.5% [0-22.7]
Western Pacific 4 2.6% [0-9.1]
Africa 3 0.0% [0-3.6]

commonly associated with HEV infection in humans, and
are responsible for different epidemiologic and clinical char-
acteristics in industrialized and non-industrialized countries.
Hepatitis E usually occurs as large outbreaks in areas where
the virus is endemic (genotype 1 in Asia and Africa, geno-
type 2 in Mexico, and genotype 4 in Taiwan and China) or
as sporadic autochthonous cases in industrialized countries
(genotype 3) (CDC, 2020). While genotypes 1 and 2 have
been found only in humans, genotypes 3 and 4 circulate in
several animals including pigs, wild boars, and deer without
causing any disease, and occasionally infect humans (World
Health Organization, 2021).

The main route of transmission of HEV is the faecal—oral
route, which can be via animals, food, and water. In coun-
tries with limited access to essential water, sanitation,
hygiene and health services, inadequate disposal and treat-
ment of sewage, and contamination of drinking and irriga-
tion water lead to epidemics. Indeed, there is considerable
epidemiological evidence of waterborne HEV transmission,
especially in Southern/South-East/Central Asia and North-
West Africa (Hakim et al., 2017; Khuroo et al., 2016; Singh
et al., 2016). Methods for investigating waterborne outbreaks
of hepatitis E, and measures for their prevention and control
were published by the World Health Organization (WHO)
in a technical report in 2014 (World Health Organization,
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2014). In areas with better water supply and sanitation, only
sporadic cases occur, caused mainly by genotype 3, acquired
through zoonotic HEV infections by eating undercooked pig
flesh, raw liver, and sausages. Indeed, a systematic review
on transmission routes and risk factors for autochthonous
hepatitis E virus infection in Europe showed that although
evidence points towards zoonotic transmission, multiple
routes of transmission are likely to exist, which need to be
further defined in order to implement appropriate preven-
tive measures (Lewis et al., 2010). Similarly, Mrzljak et al.
emphasized the need of a «One-Health» multidisciplinary
collaboration, in the surveillance and control of this infec-
tion (Mrzljak et al., 2019), looking at the human, animal, and
environmental interface.

Waterborne transmission, the most important mode of
transmission in non-industrialized countries, has not been
investigated in developed countries despite different studies
demonstrated the occurrence of HEV in water environments.
Waterborne transmission can be direct, by contact with con-
taminated drinking or recreational waters, or indirect, e.g.
through contamination of shellfish production areas, or by
irrigation of crops using contaminated waters. Moreover, a
few studies pointed out that surface waters can be contami-
nated in the vicinity of pig production facilities in particular
as a consequence of run-off waters and percolation events or
following the agronomic use of pig slurry (Gentry-Shields
et al., 2015; Steyer et al., 2011). Some authors have pointed
out the current lack of knowledge on possible waterborne
transmissions in developed countries (King et al., 2018; Van
der Poel et al., 2018). Studies performed in France suggested
that contaminated water could contribute to the epidemiol-
ogy of HEV infection in this country (Mansuy et al., 2015,
2016).

A few systematic reviews on HEV have been published
to date. Li et al. published a systematic review on the global
epidemiology of hepatitis E virus infection and related risk
factors (Li et al., 2020). A systematic review conducted only
in Brazil collected and analysed data on HEV in humans,
animals, and the environment from a One Health perspec-
tive indicating that HEV-3 is widespread in the country, and
sanitary surveillance is essential in the national production
of pigs (Moraes et al., 2021). Modiyinji et al. conducted a
systematic review on the prevalence of HEV in animals in
Africa, highlighting that some animals could be the reser-
voir of HEV, and suggesting the need of molecular epide-
miological studies for investigating zoonotic transmission
(Modiyinji et al., 2021). Narrative reviews have addressed
the occurrence of HEV in food and aquatic systems (Trea-
gus et al., 2021) but no systematic review has yet addressed
the prevalence of HEV in water environments, despite sev-
eral studies on different water matrices have been carried
out in different regions of the world, in both developed

and developing countries. The objective of this systematic
review and meta-analysis was to assess the overall preva-
lence of HEV in water matrices worldwide.

Materials and Methods
Protocol and Registration

We performed this study in accordance with the PRISMA
guidelines (Moher et al., 2009). The registration of the pro-
tocol was done in the International Prospective Register of
Systematic Reviews (PROSPERO, no. CRD42021289116).

Data Sources and Search Strategy

The searches were performed in four databases: PubMed,
Excerpta Medica Database (Embase), Web of Science, and
Global Index Medicus. Databases were searched for articles
related to HEV and water matrices, published worldwide
from inception until February 2022 (Table S1). A manual
search was also conducted to browse reference lists of eligible
articles.

Study Selection

Studies were included if they met the following criteria: (a)
written in English or French and (b) which contained data
about the prevalence of HEV RNA in water matrices. The
following studies were excluded: (a) systematic reviews, meta-
analysis, comments, case reports, and case series, (b) no water
matrix, (c) no primary data, (d) duplicate data, and (e) studies
with < 10 samples.

Data Extraction and Management

Data of included studies were extracted by investigators using
a pre-designed Google data abstraction form. Two reviewers
resolved discrepancies by jointly reviewing the study in ques-
tion. If no consensus was reached, a third reviewer, unaware
of prior determinations, functioned as an arbiter. The follow-
ing data were extracted: name of the first author, year of pub-
lication, sampling period, sampling approach (probabilistic/
non-probabilistic), number of sites (multicenter, monocenter
or nationally representative), setting (urban/rural), timing of
sample collection (prospectively/retrospectively), country,
type of water matrices, methods of detecting HEV (conven-
tional/real-time PCR), total number of samples, and number
of sample positive for HEV. WHO region, United Nations Sta-
tistics Division (UNSD) region (Jian et al., 2022), and coun-
try income level (World Bank, 2022) were assigned to each
included study according to the reported country.
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Quality Assessment

The tool developed by Hoy et al. for prevalence studies was
adapted and used to assess the quality of the studies (Hoy
et al., 2012). It included nine items: study’s target population
representation, sampling representation, form of random selec-
tion, acceptable water matrix definition, validity and reliability
of detection assay, mode of data collection, length of the study
period, and reporting numerator(s) and denominator(s) for the
prevalence of HEV. This allowed the included studies to be
assessed for risk of bias (7-9 =Ilow risk; 4-6 =moderate risk;
0-3 =high risk), rigour, and transparency (Table S2).

Statistical Analysis

Pooled prevalences were calculated using a DerSimonian
and Laird random-effects model meta-analysis (DerSimo-
nian & Laird, 1986). For the calculation of pooled preva-
lence, the Freeman—Tukey Double arcsine transformation
was implemented (Barendregt et al., 2013). Weighting
according to the sample size was used to determine the size
of the diamonds for plotting individual studies and pooled
prevalence (Higgins et al., 2009). The 95% confidence inter-
val (95% CI) for the individual studies and overall prevalence
were calculated using the Clopper—Pearson method (Agresti
& Coull, 1998; Newcombe, 1998). A prediction interval
of values for future studies was estimated (Guddat et al.,
2012; Higgins et al., 2009). Heterogeneity was assessed by
the Cochrane Q statistical test and quantified by I* values,
assuming that the I* values of 25%, 50%, and 75% represent
low, moderate, and high heterogeneity, respectively (Higgins
et al., 2003). Publication bias was assessed by Egger’s test
and the funnel plot (Egger et al., 1997). Subgroup analyses
were conducted according to sampling approach, setting,
country, WHO and UNSD regions, country income level,
water matrix, and HEV detection assay. To test the robust-
ness of the overall results, studies with low risk of bias and
those with process control (RNA concentration, extraction
and/or amplification) were used for sensitivity analysis. A
p value <0.05 indicated a significant difference. R software
version 4.1.0 was used to perform analyses (Borenstein
et al., 2010; Schwarzer, 2007).

Results

Study Selection

After searching the databases, we obtained 6485 arti-
cles (Fig. 1). After eliminating 1499 duplicates, 4703
articles were further excluded for inappropriate titles or

abstracts. A total of 285 articles were therefore assessed
as eligible, from which 227 were excluded for reasons

@ Springer

given in Table S3. Finally, a total of 58 articles were
included in the qualitative and quantitative synthesis of
this review after the application of the eligibility criteria
defined (Ahmad et al., 2010; Alfonsi et al., 2018; Baez
et al., 2017; Béji-Hamza et al., 2015; Beyer et al., 2020;
Bisseux et al., 2018; Clemente-Casares et al., 2003;
Cuevas-Ferrando et al., 2020; Di Profio et al., 2019; El-
Esnawy, 2000; El-Esnawy et al., 1998; El-Senousy &
Abou-Elela, 2017; Farkas et al., 2018; Fenaux et al., 2018;
Hazam et al., 2010; Heldt et al., 2016; Howard et al., 2010;
Taconelli et al., 2015, 2017, 2020; Idolo et al., 2013; Ippa-
gunta et al., 2007; Jothikumar et al., 1995, 2000; Kamel
et al., 2011; Katukiza et al., 2013; Kokkinos et al., 2011;
La Fauci et al., 2010; La Rosa et al., 2010, 2017, 2018;
Li et al., 2014, 2017; Martinez Wassaf et al., 2014; Mas-
claux et al., 2013; Matos et al., 2018; Miura et al., 2016;
Ngaosuwankul et al., 2013; Pina et al., 1998, 2000; Pis-
ano et al., 2018; Prevost et al., 2015; Purpari et al., 2019;
Rahmani et al., 2020; Ram et al., 2016; Randazzo et al.,
2018; Rusifiol et al., 2020; Rutjes et al., 2009; Salvador
et al., 2020; Smith et al., 2016; Steyer et al., 2011, 2015;
Thongprachum et al., 2018; Vaidya et al., 2002; Verma &
Arankalle, 2010; Vivek et al., 2013; Wang et al., 2020b;
Williamson et al., 2011). Among these 58 articles, some
were dealing with more than one water matrix, corre-
sponding to 87 prevalence data.

Study Characteristics

The characteristics of the included studies are listed in
Tables S4 and S5. The studies were published between 1995
and 2020, and the water samples were collected between
1989 and 2019. The majority of studies performed non-prob-
abilistic sampling approach (66/87, 75.9%) were prospective
(86/87, 98.9%), monocenter (46/87, 52.9%), or multicenter
(40/87, 46.0%). The most represented UNSD and WHO
Regions were respectively Southern Europe 34/87 (39.1%)
and Europe 56/87 (64.4%). The most represented country
was Italy 18/87 (20.7%). High-income countries were the
most represented 59/87 (67.8%). The water matrices were
categorized into six groups, of which the most represented
was untreated wastewater (40/87, 46.0%), followed by
surface water (20/87, 23.0%), treated wastewater (11/87,
12.6%), drinking water (10/87, 11.5%), other water matri-
ces (including grey water, flood water, seawater, pipe water,
irrigation water, reservoir water, and effluents of pig slaugh-
terhouse) (5/87, 5.8%), and groundwater (1/87, 1.2%). The
majority of studies was at a moderate risk of bias (74/87,
85.1%), while 13/87 (14.9%) were at low risk of bias.
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A considerable variability in the methods used to detect
HEV was documented (Table S4) in all analytical phases:

i. Volume of water used, ranging from 0.01 to 100 L,
depending on the water matrix;

ii. Method of viral concentration (e.g. polyethylene gly-
col precipitation, ultracentrifugation, filtration, organic
flocculation, absorption-elution method, others);

iii. Method for RNA extraction (e.g. silica capture proto-
col with magnet beads, TRIzol reagent, column-based
nucleic acid extraction Kkits, others);

iv. Genomic region used for detecting and/or typing HEV
(ORF1, ORF2, ORF3, different combinations of the
three ORF regions).

Moreover, only 47.1% of the prevalence studies
reported the use of a process control to monitor the effi-
ciency of the virus concentration/extraction steps.

The most commonly used diagnostic method was
real-time PCR (60/87, 69.0%). Overall, only 36.8% of
the studies reported the genotype of HEV, the most fre-
quent was genotype 3 (HEV-3) (168 samples), followed
by HEV-1 (148 samples), and HEV-4 (2 samples).

HEV Prevalence in Water Matrices

The HEV prevalence in water matrix, represented in
Figs. 2, 3, and S1, was 9.8% (95% CI 6.4-13.7). According
to the different water matrix groups, the prevalence varied
from 3.8 to 15.1%. In order, the prevalence was 15.1%
(95% CI 9.4-21.8) in untreated wastewater, 8.3% (95%
CI 0.0-32.3) in groundwater, 7.4% (95% CI 2.3-14.4)
in surface water, 6.0% (95% CI 0.0-33.1) in other water
matrices, 4.7% (95% CI 0.0-15.8) in drinking water, and
3.8 (95% CI 0.0-15.2) in treated wastewater. Sensitivity
analyses including only studies with a low risk of bias
and studies that applied a control of the analytical process
(concentration, extraction and/or amplification of RNA)
did not significantly influence the overall results (Table 1).

Heterogeneity and Publication Bias

The degree of heterogeneity and publication bias within the
prevalence data is presented in Table 1. The estimation of
prevalence data was associated with significant heterogene-
ity (H > 1 and I* > 50%) and the presence of publication bias
(» <0.05 for Egger’s test) in the different groups of water
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Study Total Prevalence (%) 95% CI

Untreated wastewater :

Random effect meta—analysis 412 - 15.14 [9.43; 21.80]
Prediction interval - [ 0.00; 64.61]
Heterogeneity: 12 = 96.1% [95.4%; 96.8%], 1 = 0.0631, p < 0.0001

Treated wastewater :
Random effect meta—analysis 388 E—— 3.81 [ 0.00; 15.21]

Prediction interval [ 0.00; 63.66]
Heterogeneity: 12 = 91.5% [86.7%; 94.5%], 1% = 0.0804, p < 0.0001

Surface water :

Random effect meta—analysis 12711 B 7.46 [2.38; 14.46]
Prediction interval L — [ 0.00; 49.02]
Heterogeneity: 12 = 92% [89.0%; 94.2%), 1° = 0.0476, p < 0.0001 :

Drinking water :

Random effect meta—analysis 998 -E— 4.72 [ 0.00; 15.87]
Prediction interval . —_ [ 0.00; 59.94]
Heterogeneity: 12 = 94% [90.9%; 96.0%), t° = 0.0653, p < 0.0001 :

Groundwater :

Random effect meta—analysis 12 —'— 8.33 [ 0.00; 32.39]
Prediction interval :

Heterogeneity: not applicable

Others :

Random effect meta—analysis 179 —8—— 6.01 [ 0.00; 33.18]
Prediction interval . [ 0.00; 100.00]
Heterogeneity: 12 = 94.1% [89.1%; 96.8%], 2 = 0.1375, p < 0.0001 :

Overall random effect meta—analysis 7260 <> 9.86 [ 6.45; 13.79]
Prediction interval [ 0.00; 56.21]

Heterogeneity: 12 = 95.3% [94.6%; 95.8%], % = 0.0631, p < 0.0001 I J J ) |
Test for subgroup differences: x2 = 5.63, df = 5 (p = 0.3441) 0 20 40 60 80

Fig.2 Global prevalence estimate of HEV in various water matrices
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Table 1 Summary of global meta-analysis results for prevalence of hepatitis E virus in different water matrices divided by risk of bias
Water matrix Prevalence (%) [95%CI] 95% No of studies No of samples IH 12 P heterogeneity
Prediction [95%CT] [95%CT]
interval
Untreated wastewater
Overall 15.1[9.4-21.8] [0-64.6] 40 4412 5.1[4.7-5.6] 96.1[95.4-96.8] <0.001
Low risk of bias 9.7 [0.9-24.7] [0-75.1] 8 1886 6.1 [5.1-7.4] 97.3[96.2-98.2] <0.001
Process controlled  17.4 [7.8-29.6] [0-75.8] 16 2414 5.8 [5.1-6.6] 97 [96.1-97.7] <0.001
Treated wastewater
Overall 3.8 [0-15.2] 0-63.7 11 388 341[2.7-4.3] 91.5[86.7-94.5] <0.001
Low risk of bias 38.3 [0-100] NA 23 5.3[3.2-8.7] 96.4 [90-98.7] <0.001
Process controlled 1.1 [0-9.4] [0-48.5] 8 353 32[2.4-42] 90[82.8-94.2] <0.001
Surface water
Overall 7.5 [2.4-14.5] [0-49] 20 1271 35[3-4.11 92[89-94.2] <0.001
Low risk of bias 2 [0.6-4.1] [0-23.9] 3 329 1[1-3.1] 0 [0-89.6] 0.448
Process controlled 8.5 [1.4-19.7] [0-62.9] 11 804 4.3[3.6-5.2] 94.6[92.1-96.3] <0.001
Drinking water
Overall 4.7 [0-15.9] 0-59.9 10 998 4.1[3.3-5] 94 [90.9-96] <0.001
Process controlled 9.9 [0-42.9] [0-100] 4 778 6.5[5-8.5] 97.6[95.9-98.6] <0.001
Groundwater
Overall 8.3 [0-32.4] NA 1 12 NA NA 1
Others
Overall 6 [0-33.2] 0-100 5 179 4.1[3-5.6] 94.1[89.1-96.8] <0.001
Low risk of bias 0[0-7] NA 24 NA NA 1
Process controlled 0[0-5.1] NA 2 35 1 NA 0 NA 0.798

95% CI 95% confidence interval; NA not applicable

1H is a measure of the extent of heterogeneity; a value of H> 1 indicates a potential heterogeneity of the prevalence of hepatitis E virus

812 describes the proportion of total variation in prevalence of hepatitis E virus that is due to heterogeneity; a value > 50% indicates the presence

of heterogeneity

matrices. The publication bias results obtained by Egger’s
test were confirmed by the funnel plot (Fig. S2).

Subgroup Analyses

The subgroup analysis is presented in Table S5. The overall
prevalence was significantly different according to countries
(p<0.001) with higher prevalence in Portugal (45.1%, 3 prev-
alence data), Pakistan (40.7%, 1 prevalence data), Germany
(39.8%, 5 prevalence data), Sweden (35.8%, 2 prevalence
data), and Switzerland (32.3%, 1 prevalence data). According
to WHO region (p =0.015), significantly higher prevalence
was in Europe (12.2%, 56 prevalence data) and South-East
Asia (9.9%, 10 prevalence data). For UNSD region (p=0.
001), higher prevalence was in Western Europe (24.7%, 14
prevalence data), Northern Europe (17.6%, 6 prevalence data),
and Southern Asia (14.3%, 10 prevalence data). Regarding
country income level (p <0.001), higher prevalence was in
high-income economies (11.9%, 59 prevalence data).

Pooled prevalence did not differ significantly by sampling
approach (p=0.809), rural/urban setting (p =0.059), type of
water matrices (p =0.307), and detection assays (p =0.106).

Discussion

Hepeatitis E virus is a leading cause of waterborne viral hepa-
titis in most parts of Asia and Africa, causing outbreaks
of variable magnitude, affecting several hundred to several
thousand persons. In industrialized countries, instead, the
disease is infrequent, and only occasional sporadic cases
occur, due to zoonotic spread of genotype 3 or 4 HEV from
animals, mainly through the consumption of undercooked
meat (Ricci et al., 2017). A mathematical model to rank
the importance of various types of food potentially impli-
cated in the transmission of HEV to humans in the popula-
tion has been recently published in Italy, suggesting that
pork products with and without liver emerged as the most
important food implicated in HEV transmission (Moro et al.,
2021). It is not well known to what extent contaminated
fruit, vegetables, bivalve molluscs contribute to transmission
of HEV. Risk factors for sporadic hepatitis E infection have
been recently investigated in a systematic review and meta-
analysis (Pavio et al., 2021), highlighting that consumption
of pork products and processed meat is highly at risk of HEV
infection, but consumption of produce or shellfish or of other
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food products is also associated with HEV exposure; moreo-
ver, blood transfusion and dialysis are risk factors for HEV.

The control of HEV requires preventive measures, the
main target of which is the transmission. Knowledge of
different factors that may facilitate the transmission of HEV
to humans is a necessity. The potential for waterborne trans-
mission in industrialized countries has not been investigated
even if occurrence of HEV has been documented in different
water matrices.

This study aimed to assess the prevalence of HEV
in water matrices. A total of 87 prevalence data were
included, related to water samples collected over 30 years
(1989-2019). The overall HEV prevalence in water matri-
ces was 9.8%. Depending on the type of water matrix, the
prevalence varied according to the degree of water pollution,
with untreated wastewater showing, as expected, the higher
prevalence (15.1%). Significant variability was observed
between the different studies performed on untreated waste-
water, with only five studies (performed in the United King-
dom, Egypt, Greece, Tunisia, Japan, and Sweden) showing
the absence of HEV genome. Frequency of detection in
the remaining 34 prevalence data varied between 1.32% in
China to 93.33% in the United Kingdom. The vast major-
ity of the data (n=20) showed prevalence > 10%. The
high prevalence in untreated water can be explained by the
excretion of the virus via contaminated faeces or urine from
infected individuals (Abravanel et al., 2015; Chandra et al.,
2010; Geng et al., 2016; Goel et al., 2020; Takahashi et al.,
2007). Before the onset of disease symptoms, up to 1x 10
HEV genome copies per gram of faeces can be excreted for
several days (Li et al., 2006). Therefore, untreated wastewa-
ter can be used for community surveillance of hepatitis E, to
investigate the circulation of the virus in the catchment area
served by the wastewater treatment plant (WWTPs), as well
to study viral diversity. Indeed, most of the studies included
in the category untreated wastewater aimed at studying the
epidemiology of HEV within a given population for the pur-
pose of wastewater-based epidemiology.

The prevalence of HEV in treated wastewater (3.8%) was
considerably lower than untreated wastewater. Indeed, HEV
RNA was detected only in two of the 11 prevalence data, one
from Germany (31.3%), and the other from Sweden (90.9%).
No HEV RNA was detected in the remaining nine studies.
This suggests that treatments applied at WWTPs are usu-
ally efficient in removing HEV. Indeed, several conventional
methods are implemented in order to remove pathogens dur-
ing wastewater treatment, including coagulation, filtration,
chlorination, activated sludge treatment process, and anaero-
bic digestion (Nasir et al., 2022). Non-negligible prevalence
(7.4%) was also found in surface water (river, lake, and sea).
The higher prevalence (77.7%) was found in samples col-
lected in Portugal, followed by Germany (30.0%), Italy, Phil-
ippines, and India (25% each), and the Netherlands (16.7%).

@ Springer

Very low prevalence (range 3.2-7.7%) was found in the
remaining studies. Surface pollution can be consequence of
lack or improper wastewater treatment, resulting in waste-
water effluent discharge into surface water sources (Okoh
et al., 2010). Direct faccal contamination of the environment
from humans and animals or run off from pig farm can also
impact soil or surface waters, for example, by bathers or by
defecation of wild animals (Rodriguez-Lazaro et al., 2012).

Of the ten studies related to drinking waters, four found
HEV RNA, with prevalence ranging from 1.42% in India
to 66.6% in Portugal. The latter study also found infectious
HEYV by cell cultures in 27.7% of the samples. The remain-
ing studies did not report any detection of HEV RNA. Only
one study has been published on HEV in groundwater, per-
formed in Spain, resulting in one positive sample out of 12
analysed (8.33%). Finally, HEV was also detected in other
water matrices, such effluents of a pig slaughterhouse (15/20
samples, 75%). HEV strains have been described from pigs
worldwide, mostly belonging to genotypes 3 and 4 and
sequences from autochthonous HEV in non-endemic coun-
tries have been demonstrated to be phylogenetically close
to swine strains, demonstrating that zoonotic transmission
of HEV is relevant in industrialized countries (Clemente-
Casares et al., 2003). No HEV was detected in other water
matrices such as grey water, flood water, irrigation water,
and reclaimed water.

Overall, only 36.8% of the studies reported the genotype
of HEV, with HEV-3 prevalent (168 samples), followed by
HEV-1 (148 sample), and HEV-4 (2 samples).

In summary, several studies showed the occurrence of
HEV in water matrices including those that came in direct
contact with humans. However, it is important to note that
RT-PCR and real-time PCR assays are able to detect only
viral genome fragments, and do not provide information on
viral infectivity. Thus, the presence of HEV genome in the
different water matrices does not necessarily indicate an
actual threat to human health.

It was also noted that the prevalence of HEV in water
matrices varied greatly between regions of the world and
countries, with high prevalence in Europe and North Amer-
ica. Despite this high prevalence of HEV in water matrices,
the different methods of water treatment in these countries
limit infectivity and transmission to humans, hence the lower
seroprevalences of HEV in industrialised countries (Li et al.,
2020).

The number of studies from low-income countries, as
defined by the World Bank Data, was low (3/87, 3.5%, all
from Uganda) as well as the total number of investigated
samples, none of which showed the presence of HEV RNA.
Seventeen studies were available from six lower—middle-
income countries (Pakistan, Tunisia, Egypt, India, Phil-
ippines, and Kenia), showing HEV RNA in 9.63% of the
samples, and five from upper—middle-income economies



Food and Environmental Virology (2022) 14:223-235

231

(Colombia, Brazil, China, Argentina, and Thailand), with
prevalence of 3.1%. Finally, the vast majority of the studies
were performed in 16 high-income countries (Italy, Ger-
many, France, Spain, United States of America, United
Kingdom, Greece, Switzerland, Portugal, Romania, Israel,
The Netherland, Slovenia, Japan, Sweden, and New Zea-
land), with prevalence of 11.87%. The number of studies
as well as the number of tested samples varied consider-
able among the four income groups of countries, therefore,
we cannot draw conclusions based on differences linked to
country income level. Moreover, high heterogeneity was
documented in the selected studies in relation to methods
used for sample collection (sample volume), viral concen-
tration, RNA extraction, and target regions for HEV typing/
subtyping. Less than 50% of the studies reported the use of
a process control to monitor the efficiency of the virus con-
centration/extraction steps. This variability in the methods
used makes it difficult to compare the results of the different
studies.

This study shows that improving wastewater treatment
and management is necessary to limit the contamination
of surface water. This study also shows that contamination
of drinking waters can also occur, questioning the quality
of drinking water and wastewater treatment and highlight-
ing the need for effective virological control of water for
human consumption. A recent study performed in Sweden
used next-generation sequencing to explore the virome in
water from drinking water treatment plants and tap water and
found that HEV passed through the treatment and entered
into the supply network (Wang et al., 2020a). They sug-
gested that the risk of getting infected through consumption
of tap water is probably negligible, but needs to be investi-
gated. Fenaux et al. also suggested the involvement of water
matrices in HEV transmission in industrialized countries
(Fenaux et al., 2019).

One of the limitations of this study is heterogeneity, since
62.4% of the studies were conducted in Europe, and almost
half of the studies were conducted on one type of water
matrix (untreated wastewater), while only one study was
conducted on groundwater. Moreover, a significant heteroge-
neity in the techniques and detection methods was described.

Only 16.1% of the studies had a low risk of bias, which
requires epidemiological studies of high methodological
quality for future studies.

Conclusion

This review found a not negligible prevalence of HEV in
water matrices, especially untreated wastewater. With inad-
equate sewage treatment and poor hygiene, HEV can find
its way to other water matrices and cause human diseases.
However, given the lack of data on the infectivity of the

virus in these matrices, no direct conclusion can be achieved
on the risk associated with environmental contamination.
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