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Abstract

Thehepatitis E virus (HEV) is themain cause of viral acute hepatitis in theworld, affect-

ingmore than 20million people annually. During the acute phase of infection, HEV can

be detected in various body fluids, which has a significant impact in terms of trans-

mission, diagnosis or extrahepatic manifestations. Several studies have isolated HEV

in the genitourinary tract of humans and animals, which could have important clinical

and epidemiological implications. So, our main objective was to evaluate the presence

of HEV in testis of naturally infected wild boars (Sus scrofa). For it, blood, liver, hep-

atic lymph node and testicle samples were collected from 191 male wild boars. The

presence of HEV was evaluated in serum by PCR, as well as in tissues by PCR and

immunohistochemistry. Four animals (2.09%; 95%CI: 0.82–5.26) showed detectable

HEVRNA in serum, being confirmed the presence ofHEV-3f genotype in three of them

by phylogenetic analysis. HEV was also detected in liver and/or hepatic lymph nodes

of the four animals by RT-PCR, as well as by immunohistochemistry analysis. Only one

of these wild boars also showed detectable viral load in testis, observing HEV-specific

labelling in a small number of fibroblasts and someSertoli cells. Our results confirm the
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presence of HEV genotype 3 in naturally infected wild boar testis, although no associ-

ated tissue damage was evidenced. This study does not allow us to discard semen as

a possible source of HEV transmission in suids. Future experimental studies are nec-

essary to evaluate the impact of HEV genotype 3 on fertility and the possibility of

transmission through sexual contact in this specie.

KEYWORDS

genotype 3, hepatitis E virus, testicle, wild boar

1 INTRODUCTION

Hepatitis E virus (HEV) belongs to the genus Orthohepevirus (family

Hepeviridae), including Paslahepevirus balayani species themost impor-

tant strains for humanand animal health (Purdy et al., 2022). HEV is the

main cause of viral acute hepatitis in the world, affecting more than 20

million people annually (WHO, 2017).

Eight genotypes (1 to 8) of HEV have been described, of which

only genotypes 1 and 2 exclusively affect humans and are associated

with typical epidemics of emerging countries, while the genotypes 3

and 4 have been isolated in a wide range of animals and are the main

cause of sporadic autochthonous cases of hepatitis E in industrial-

ized countries (Denner, 2019; Meng, 2013; Nimgaonkar et al., 2018).

Here, hepatitis caused by HEV is endemic with the appearance of

small sporadic outbreaks (Purcell & Emerson, 2008), where the liver is

the main affected organ, although other extrahepatic manifestations

have also been observed (Horvatits & Pischke, 2018). Transmission

of genotypes 3 and 4 is mainly zoonotic, through direct contact or

consumption of raw or undercooked pork or game meat products or

shellfish (Faber et al., 2018; Syed et al., 2018;Wang et al., 2019); never-

theless, other forms of contagion have also beendemonstrated, such as

blood transfusions and organ transplantation (Domanović et al., 2017;

McPherson et al., 2018). Although these sources of transmission have

beenwell documented in different studies and are considered themain

widespread routes, other possible transmission routes have also been

suggested.

The efficiency of sexually transmitted HEV infection and its impact

on fertility is unknown. There are only few reports on the presence

of HEV RNA in human semen (Huang et al., 2018; Li et al., 2019;

Soomro et al., 2017) and in reproductive organs of mice and suids

experimentally infected (Schlosser et al., 2014; Situ et al., 2020). How-

ever, in the animal experimental cases, the infection was established

intravenously, where distribution of the virus is always greater. Fur-

thermore, histological analysis revealed damage on testicular tissue in

humans and mice, suggesting that viral replication is possible at this

anatomical site (Huang et al., 2018; Situ et al., 2020). Nevertheless,

in these studies the HEV genotype involved was genotype 4 (mainly

present in Asia). Currently, there is no evidence of viral infection in

the reproductive organs of naturally infected animals and there are

no data supporting this finding in the case of genotypes with global

distribution, such as genotype 3. Therefore, our objective was to eval-

uate the presence of HEV in testis of naturally infected wild boars

(Sus scrofa).

2 MATERIALS AND METHODS

2.1 Study design and sampling strategy

A total of 194 male wild boar were randomly sampled in 32 hunting

areas in Andalusia, southern Spain (36◦N–38◦600 N, 1◦750 W–

7◦250 W), and Extremadura, southwestern Spain (39◦49 N–38◦54 N,

5◦11 W–6◦20 W) during the hunting seasons (from 15 October to 15

February) from 2017/2018 to 2020/2021. Age was determined on the

basis of tooth eruption and animals under 12 months old were classi-

fied as juveniles, those between 12 and 24 months as subadults and

those over 2 years old as adults.

At post-mortem examination carried out at themeat board, a whole

blood sample was taken from all the animals using puncture of the cav-

ernous sinus of the dura mater (Arenas-Montes et al., 2013). Blood

samples were centrifuged at 700 g for 10 min to obtain the serum,

which was frozen at –80◦C until analysis. Samples of liver, hepatic

lymph nodes and testis were also collected from all the animals. The

tissue samples were divided in two, a piece of each was submerged

in RNAlater® Stabilization Solution (Thermo Fisher Scientific Inc.,

Waltham, MA, USA) and frozen at –80◦C until analysis, and the other

piece was fixed by immersion in 10% buffered formalin solution for

histopathological and immunohistochemical study.

2.2 Molecular evaluation of HEV

RNAwasextracted from200µl of serumusing the commercialQIAamp

MinElute Virus Spin Kit (QIAgen, Hilden, Germany) and an automated

procedure (QIAcube. QIAgen, Hilden, Germany). Tissue RNA (liver,

lymph node and testis) was extracted from 30 mg of the samples

using the commercial RNeasyMini Kit (QIAgen, Hilden, Germany). The

purified RNAwas eluted in a total volume of 50 µl.
RT-PCR was performed with the CFX Connect real-time PCR sys-

tem (Biorad, Hercules, California, USA), following the protocol previ-

ously described and especially designed forOrthohepevirusAdetection

(Frías et al., 2021). For the reaction, the commercial kit QIAgen
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One-Step PCR Kit (QIAgen, Hilden, Germany) was used. The final

volume of the PCR was 50 µl, including a positive (WHO standard

virus; provided by Paul-Ehrlich-Institut laboratory, Langen, Germany;

Code 6329/10) and a negative control (water). Detection limit of the

PCR was set at 21.86 IU/ml (CI95%: 17.38–34.30 IU/ml) (Frías et al.,

2021).

For genotyping analysis, nested RT-PCR of the ORF1 region was

carried out following the protocol described elsewhere (Johne et al.,

2010). The second amplification product of 334 bp was sequenced

using the BigDye Terminator Cycle Sequencing Ready Reaction Kit on

anABIPRISM3100GeneticAnalyzer (AppliedBiosystems, FosterCity,

CA,USA). The consensus sequencewasobtainedusingSeqManNGen®

program (version 12.0, DNASTAR, Madison, WI). For subtype assign-

ment and phylogenetic analysis, the HEVnet genotyping tool was used

(https://www.rivm.nl/mpf/typingtool/hev/), then confirmed by BLAST.

2.3 Histopathological and immunohistochemical
examination of tissues for HEV

The formalin-fixed samples were dehydrated with a graded series of

alcohols, cleared in xylene and embedded in paraffin wax. After mak-

ing 4 µm sections and staining with haematoxylin and eosin (H&E), two

blinded and experienced observers then performed ahistopathological

evaluation of the tissue sections.

Sections of the formalin-fixed paraffin-embedded tissue samples

(3 µm) were routinely processed for immunohistochemistry (IHC)

using the avidin-biotin-peroxidase complex (ABC) method described

by Risalde et al. (2017). Briefly, endogenous peroxidase activity was

exhausted by incubation of the samples with 0.3% hydrogen per-

oxide in methanol for 30 min at room temperature (RT, approx.

25◦C). For antigenic unmasking, the sections were incubated with

0.2% proteinase K (Sigma-Aldrich, St. Louis, Missouri, USA) in 0.05 M

Tris-buffered saline (TBS; pH 7.6) for 8 min at 37◦C. Then, sections

were covered with 20% normal goat serum (Vector Laboratories,

Burlingame, CA) in 0.01 M phosphate-buffered saline (PBS) at RT for

30 min. After blocking, the sections were incubated with a rabbit anti-

HEV gt3 hyperimmune serum (rHEVgt3-HIS; Institute for Novel and

Emerging Infectious Diseases, Friedrich-Loeffler-Institut, Germany) in

a 1:500 dilution at 4◦C overnight (approx. 18 h). Then, samples were

washed in PBS and incubated for 30 min at RT with biotinylated goat

anti-rabbit IgG secondary antibody (Vector Laboratories, Burlingame,

CA) diluted 1:200 in TBS containing 10% normal goat serum. After

washing with TBS (pH 7.6), all tissue sections were finally incubated

with ABC complex (Vectastain ABC Elite Kit; Vector Laboratories) for

1 h at RT and in the dark. The sections were finally washed in PBS and

incubated with a chromogen solution (Nova RED substrate kit, Vector

Laboratories, Burlingame, CA) and counterstained with haematoxylin.

As positive controls, liver and hepatic lymph node samples from a

pig experimentally infectedwithHEVgenotype3wereused, confirmed

by real-time RT-PCR and IHC (samples from the study of Schlosser

et al., 2014). As negative controls, wild boar tissues without evidence

of HEV-RNA in serum or randomly selected tissues were used. More-

over, rabbit non-immune sera (Vector Laboratories, Burlingame, CA)

were used in place of specific primary antibody as additional negative

controls.

The evaluation of the immunohistochemical examination in the

organs selected was performed for the presence of target cells to anti-

HEV antibody, classifying the organs as without staining (–), and with

scarce (+), moderate (++) or high (+++) number of immunolabelled

cells.

2.4 Statistical analysis

The prevalence of HEV was determined by the coefficient of posi-

tive animals/total animals tested, using two-sided exact binomial 95%

confidence intervals (95%CI).

2.5 Ethical and biosafety aspects of research

The animals were legally hunted under Spanish and EU legislation and

all the hunters had hunting licenses. Professional personnel collected

the blood and tissue samples from hunter-harvested wild boar during

the hunting seasons. This study did not involve purposeful killing of ani-

mals, since all the sampleswere collected as part of routine procedures

before thedesignof this study. So, no ethical approvalwasdeemednec-

essary in compliance with the Ethical Principles in Animal Research.

Protocols, amendments and other resources were followed according

to the guidelines approved by each Autonomous government follow-

ing theR.D.1201/2005andR.D.53/2013of the SpanishMinistry,which

establish the basic normative for the protection of animals used for

scientific purposes.

Biological samples were treated as infectious material according

to Biosafety Level 2, following the specific management, analysis and

elimination measures indicated in the Waste and Contaminated Soils

Act 22/2011 of 28 July of the Government of Spain.

3 RESULTS

Of the 194male wild boars included in the study, three were discarded

due to the poor quality of their serum and/or because there was not

enough quantity of sample for RT-PCR. Of the 191 male wild boars

available, four of them (2.09%; 95%CI: 0.82–5.26) showed detectable

HEV RNA in serum. The HEV RNA sequences were detected in three

of the four animals. These sequences were registered in GenBank with

accession numbers OM525661 to OM525663. Sequencing of ORF1

region allowed designation of the three strains as genotype 3f.

None of the 187 boars with viral RNA-negative in serum showed

positive HEV-RNA in the analysed tissues (liver, hepatic lymph node

and testis). No immunohistochemical signals using a rabbit anti-HEV

gt3 hyperimmune serum (rHEVgt3-HIS)were observed in these tissues

of viral RNA-negative wild boars in serum and tissues (Figure 1a–c).

On the other hand, Table 1 shows the results of HEV in tissues of
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F IGURE 1 Representative photomicrographs of tissue sections fromwild boar naturally infected with hepatitis E virus (HEV), which was
detected by real-time RT-PCR in serum. No immunohistochemical signals were observed in the liver (a), hepatic lymph node (b) and testis (c) of wild
boar in which HEVRNAwas not detected in these tissues. Meanwhile, in the naturally infected wild boar with HEV RNA detected by real-time
RT-PCR in the different tissues, HEV antigen was also found in hepatic tissue (d), mainly in Kupffer cells (black arrow) and liver sinusoidal
endothelial cells (black arrowhead). Likewise, in this animal, HEVwas observed inmacrophages (grey arrows) and cells with dendritic morphology
(grey arrowheads) of the hepatic lymph node (e) and lightly in fibroblasts (white arrows) and some Sertoli cells (white arrowhead) of testis (f).
Immunohistochemistry (IHC) with the avidin-biotin-peroxidase complex (ABC)method counterstained with haematoxylin

those boarswith positiveHEV in serum, being consistent themolecular

and immunohistochemical analyses. Of the 4 male wild boars positive

to HEV-RNA in serum, IHC located viral antigens in the hepatic tis-

sue of the 3 animals with HEV detected by RT-PCR. HEV antigen in

hepatic tissue was found mainly in the Kupffer cells and liver sinu-

soidal endothelial cells (Figure 1d). HEV antigen was also stained in

granular patterns in the cytoplasm of macrophages and cells with den-

dritic morphology within the lymphoid follicles of hepatic lymph nodes

from 2 of the 3 animals with HEV detected by RT-PCR (Figure 1e).

Moreover, HEV-specific labelling appeared as evenly and lightly dis-

tributed in a small number of fibroblasts and some Sertoli cells of

the HEV-positive testicle by RT-PCR (Figure 1f). On the other hand,

histopathological examination of the tissues of wild boar naturally

infectedwithHEVdid not present any remarkable pathological change

(Figure 2).

4 DISCUSSION

During the acute phase of infection in humans, HEV can be detected

in various body fluids, such as breast milk (Rivero-Juarez et al., 2016),

saliva (Rivero-Juarez et al., 2018), urine (Marion et al., 2019) and cere-

brospinal fluid (van Eijk et al., 2017). The presence of the virus in body

fluids has a significant impact in terms of transmission, diagnosis or

extrahepatic manifestations during the acute phase of infection. Sev-

eral studies have isolated HEV in the genitourinary tract of humans

and animals, which could have important clinical and epidemiological

implications (Geng et al., 2016; Huang et al., 2018; Li et al., 2019).

A study carried out in China in infertile men showed a prevalence

of HEV RNA genotype 4 in semen of 28.1%, with comparable viral

titres in urine (Huang et al., 2018). In the same way, a study conducted

in China including 26 semen samples collected from pigs found the
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F IGURE 2 Histopathological study in wild boar naturally infected with hepatitis E virus (HEV). None of the two animals, either HEV-negative
by real-time RT-PCR in liver and testis (a and b) or HEV-positive in liver and testis (c and d, respectively), showed histopathological lesions in these
organs. Haematoxylin and eosin (HE) staining

presence of HEV RNA genotype 4 in one individual (3.3%) (Li et al.,

2019). However, in several studies performed in Germany, the pres-

ence of HEV-RNA genotype 3was not demonstrated in semen samples

(n=87) of infertilemen (Horvatits et al., 2020) or in patientswith acute

self-limiting hepatitis E (Horvatits et al., 2021), neither in testis of pigs

intravenously infected with HEV genotype 3 (Horvatits et al., 2021).

Nevertheless, genotype 3c was detected in the ejaculate of chronically

immunosuppressed HEV-infected men, even more than nine months

after clearance of HEV viraemia (Horvatits et al., 2021). The difference

in the results of these studies could suggest a relationship between

the HEV genotype and the ability to produce testicular involvement

and infertility. However, another study conducted in China did not con-

firm the presence of HEV-RNA in semen samples of 1183 infertile

men diagnosed at the Department of Reproductive Medicine Center,

Peking University (Wang et al., 2020). In the present study, the pres-

ence of HEV RNA in sperm could not be evaluated due to the logistical

characteristics of the sampling, but the virus was detected by RT-PCR

and IHC in the testis of one of the wild boars naturally infected with

genotype 3. These results evidence that HEV genotype 3 can be also

detected in themale genital tract of swine, which could have important

implications in the transmission of the virus by natural reproduction in

swine. Therefore, our results give reasons to reconsider the protocols

of HEV diagnosis in semen intended for artificial insemination used in

pig breeding to be screened for this virus.

The presence of HEV in testis of swine could also have important

clinical implications in terms of fertility. The experimental infection of

two rhesus macaques (Macaca mulatta) with HEV genotype 4 demon-

strated the presence of virus in epididymis and testis, mainly in

spermatogonia, associated to a destruction of the blood-testis barrier

and the seminiferous epithelium (Huang et al., 2018). These lesions,

together with the death of germ cells, have also been observed in

BALB/c mice experimentally infected with HEV genotype 4, leading to

a decrease in the sperm count, the presence of abnormalities in them

and an increased necrospermia (Situ et al., 2020). All this gave rise to

a transient infertility in the mice, which could partially be recovered

after the complete elimination of HEV, whose permanence was longer

in testis than inbloodor faeces (42vs. 28dayspost-infection). Likewise,

in animal models as Mongolian gerbils (Meriones unguiculatus), geno-

type 4 has also shown to induce molecular and structural changes in

testis, damaging the blood-testis barrier (Soomro et al., 2017). In con-

trast, evidence of testicular damage in wild boars naturally infected

with genotype 3 was not found in our study, even though HEV was

detected in this organ by RT-PCR and IHC. Consequently, HEV geno-

type 3 infection does not seem to have a negative impact in fertility of

male swine, as has been observed in female, with histopathological dif-

ferences in the genitourinary tract between HEV genotypes. Similarly,

it has been shown that HEV genotype 4 can replicate in the ovaries and

promote apoptosis of oocytes (An et al., 2017) and genotype 1 has a

high tropism for the placenta and decidua, inducing tissue apoptosis

and necrosis (Gouilly et al., 2018), whereas genotype 3 showed a lack

of tropism and induction of tissue damage in both structures.

This pilot study has some limitations that should be considered. The

number of individuals with HEV infection included in our study was

low. Second, the animals included in the study were naturally infected,

so it was not possible to assess the timing of the presence of HEV in

the testis. In this type of infections, which reliably represent what hap-

pens in real conditions, the viral load to which individuals are exposed

is usually lower than in an experimental infection, and the results, viral
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distribution and tissue damage described cannot be fully compared in

both studymodels.

In conclusion, our results have demonstrated the presence of HEV

genotype3 in testis of naturally infectedwild boars, althoughnoassoci-

ationwith tissuedamagehas beenevidenced. This studydoes not allow

to rule out semen as a possible source of viral transmission in suids.

Future experimental studies are necessary to evaluate the impact of

HEV genotype 3 on fertility and the possibility of transmission through

sexual contact.
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