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Abstract
hepatitis E virus was investigated in 200 liver tissues and 414 blood sera
from cattle and sheep. Among all samples, anti-hepatitis E virus IgG seropositivity was present in 16.5% and 5.0% of cattle and sheep, respectively.
While the highest hepatitis E virus seroprevalence was determined as 33.3%
in cattle in Diyarbakir, it was determined as 6.25% in sheep in Malatya. In
the molecular study, hepatitis E virus RNA found in one Elazig cattle blood
serum sample shared 97.58% similarity with rat hepatitis E virus. The results
showed that sheep and cattle can be a source of hepatitis E virus infection
for consumers.

Hepatitis E virus is an important zoonotic food pathogen with natural animal reservoirs and remarkable increases recently. Hepatitis E virus infection
is usually asymptomatic in animals, but it can cause both acute and chronic
hepatitis in humans and represents an emerging public health problem
worldwide. However, there is a lack of scientific reports about the epidemiological characteristics of hepatitis E virus in domestic ruminants in Turkey.
This study aimed to investigate hepatitis E virus in cattle and sheep. Data
were derived from cattle and sheep using blood sera and liver tissues from
slaughterhouses in some provinces in Turkey. The samples were examined
for anti-hepatitis E virus IgG by the enzyme-linked immunosorbent assay
method and hepatitis E virus RNA by the molecular method. In this study,
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Introduction

recognized that locally acquired HEV infection is common in industrialized countries.

Hepatitis E virus (HEV) is a very important virus in terms of food
safety, which has an increasing prevalence in developed countries
in recent years, is a multi-reservoir host, and can cause infection
through the food chain due to multiple transmission routes and zoonotic potentials (Kaba et al., 2013). Although the natural host of the
HEV is known to be human, recent studies showed it to be zoonotic.
Hepatitis E virus, one of the most common agents in acute hepatitis worldwide, is mainly transmitted enterically, via contaminated
water for HEV genotypes 1 (HEV1) and HEV2 or by eating raw or
undercooked infected meat for HEV3 and HEV4 (Marion et al., 2020).
Hepatitis E virus infection was detected in many animal species such
as domestic pig, wild boar, sika deer, cattle, sheep, goats, cats, dogs,
rats, ferrets, camels, and poultry (Khuroo et al., 2016a). Hepatitis E
virus strains from pig, rabbit, deer, camel, and rat were shown to
cross species barriers and infect humans (Wang & Meng, 2021).
There is an annual increase in hepatitis E cases reported among
western European countries (Pischke et al., 2014). It is increasingly

Hepatitis E virus is classified in the Hepeviridae family with the recommendation of the International Committee on Taxonomy of Viruses. It
is an icosahedral, nonenveloped virus. Hepatitis E virus has a singlestranded positive-sense RNA genome that is approximately 27–34 nm
in diameter (Waqar et al., 2020) and encodes four open reading frames
(ORFs) (Khuroo et al., 2016b). Tian et al. (2020) showed that open reading frame 2 (ORF2) and ORF3 were not involved in HEV cross-species
infection. They suggest that this may contribute to ORF1 host tropism.
Human-infected HEV strains belong to the Orthohepevirus A strain,
genotypes 1 and 2 (HEV-1 and HEV-2). Genotypes 3 and 4 (HEV-3 and
HEV-4) were identified in human, sheep, goat, pig/wild boar, deer,
mongoose, and rabbits (Huang et al., 2016; Smith et al., 2014). The
genotypes HEV-5 and HEV-6 were identified only in wild boars, and
no human infection has been reported (Doceul et al., 2016). The
HEV-7 genotype was identified in a person consuming camel meat
and milk (Lee et al., 2016). The avian HEV-1, avian HEV-2, and avian
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of 320 study materials were obtained including 220 blood sera and
100 liver tissue samples (Table 2).

HEV-3 genotypes in the Orthohepevirus B genus were identified in bird
species. Orthohepevirus C genus includes ferrets, mouse bandicoot,
Asian musk mice, and isolates from rats. Bats were shown to be infected
with the Orthohepevirus D genus (Huang et al., 2016; Smith et al., 2014).

Serological Studies
Cattle anti-hepatitis E virus IgG (HEV-IgG) ELISA Kit (SinoGeneClon,
Catalog No: SG-60058, Hangzhou, China) and sheep anti-hepatitis E
virus IgG (HEV-IgG) ELISA Kit (SinoGeneClon, Catalog No: SG-70437)
were used to investigate the anti-HEV IgG antibodies according to
RNA extraction performed on tissues with positive anti-HEV IgG sera
samples.

In developed countries, human infections occur primarily through
zoonotic transmission from animal reservoirs (Goel & Aggarwal,
2020). The HEV reservoir associated with livestock hepatitis E poses a
huge threat to public health (Chen et al., 2021). Turkey was included
among endemic regions (Aslan & Balaban, 2020; Khuroo et al.,
2016a). Geographical region, socioeconomic level, infected animal
product consumption, middle age group, contaminated water and
soil contact status, number of people living at home, toilet type, rural
or urban settlement, past or ongoing jaundice, occupational group
history, immune status, those working in the animal food industry,
butchers, and veterinarians can be counted as risks (Topfedaisi,
2018). In terms of animal health, factors such as the presence of
domestic and wild pigs, feeding and sheltering animals such as cattle, sheep, goats, chickens, and rabbits in common areas, close contact of rodents such as rats and mice with feces, feeders, grazing of
animals in areas where sewage waste is present, and transmission of
HEV play important roles (Tonbak & Atasever, 2019).

RNA Extraction and cDNA Synthesis
Primers used in the reproduction of the HEV ORF-1 region were prepared as shown in Table 3 (Johne et al., 2010). The protocol for the
RNA Extraction Kit used for RNA extraction was followed (HibriGen
RNA Extraction Kit, MG-RNA-01, Kocaeli, Turkey).
Conversion of the viral RNA to cDNA and subsequent replication
of the ORF-1 region by polymerase chain reaction (PCR) was performed according to the SuperScript™One-Step RT-PCR System
with Platinium™ Taq DNA Polymerase Thermo Fisher (Waltham,
Massachusetts, USA).
Reverse Transcriptase-Polymerase Chain Reaction and
Phylogenetic Analysis
The PCR products obtained were purified from agarose gel. After
purification and measuring density with a nano spectrophotometer, bidirectional DNA sequence analysis with HEV primers was
performed by Macrogen (The Netherlands) using the ABI 3730XL
genetic analysis system. Sequencing was done using the Big Dye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA) by Macrogen (Amsterdam, The Netherlands).

Although it has become an important clinical problem in humans,
with symptoms of hepatic, neurological, and other extrahepatic
chronic diseases (Wang & Meng et al., 2021), research about HEV
in Turkey in animals and animal products is very limited. The aim of
this study was to investigate the presence of HEV in cattle and sheep
using serological and molecular methods and to determine the HEV
genotypes from the results obtained.
Methods

In the sequence analysis alignment process, the ClustelW program,
editing Mega7, and BioEdit analysis programs were compared with
the internal and reference virus sequences. This was performed
based on the Tamura-Nei model using the maximum likelihood

Sample Collection
The samples used in the study were collected randomly between
September 2017 and January 2019 from different slaughterhouses in
Elazıg, Erzurum, Malatya, and Diyarbakir provinces. In total, 614 samples were included in this study with 414 blood sera and 200 liver
tissue samples. For this study, a total of 294 cattle samples were used,
including 194 blood sera samples and 100 liver tissue samples. Blood
samples were centrifuged for 10 minutes at 4000 rpm (Vorteks, VELP
Scientific, NY, USA). The liver samples were brought to the laboratory
in the cold chain and stored at −80 ˚C until analysis (Table 1).

Table 2
Distribution of Sheep Blood Sera and Liver Samples by Province
Provinces
Collected

Sheep samples used in this study were collected from three different slaughterhouses operating in Elazig (A, B) and Malatya (E) by the
random sampling method. During the slaughter of sheep, a total

Firm

Total Blood
Sera Number

Total Liver
Number

Total Sample
Number

Elazig

A

2

2

4

Elazig

B

74

63

137

Malatya

E

144

35

179

Total

3

220

100

320

Table 1
Distribution of Cattle Blood Sera and Liver Samples by Province
Provinces
Collected

Firm

Total Blood
Sera Number

Total Liver
Number

Table 3
Partial Primers Used in the Reproduction of the HEV ORF-1 Region

Total Sample
Number

Elazig

A

7

5

12

Elazig

B

71

57

128

Primary

Nucleotide Sequence (5′→3′)

Erzurum

C

29

13

42

HEV-csn

TGTGCTCTGTTTGGCCCNTGGTTYCG

Diyarbakir

D

87

25

112

HEV-casn

CCAGGCTCACCRGARTGYTTCTTCCA

Total

4

194

100

294

Note: HEV = hepatitis E virus; ORF = open reading frame.
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Product (bp)

Genome
Zone

331–334

ORF1
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taken at different times from an integrated slaughterhouse facility
operating in Erzurum. A total of 87 cattle blood sera samples were
collected from slaughterhouses operating in Diyarbakir province
and 29 (29/87) were positive. The seroprevalence for anti-HEV IgG
was determined as 33.3% in samples of Diyarbakir cattle blood sera
(Table 5).

Table 4
RT-PCR Mix
Component

Volume (µL)

2× buffer

25

Template RNA

5

dNTP mix (10 mM)

1

Forward primer (10 µM)

1

Revers primer (10 µM)

1

RT/platinum™ Taq mix

1

Distilled water

16

Total volume

50

A total of 76 sheep blood sera samples from slaughterhouses operating in Elazig were analyzed. In Elazig, two of the sheep blood
serum samples were positive and the anti-HEV IgG seroprevalence
was determined as 2.6% (2/76). Nine out of 144 sheep blood sera
samples collected from the slaughterhouse operating in Malatya
province were found to be anti-HEV IgG positive. Hepatitis E virus
seroprevalence was determined as 6.25% (9/144) in Malatya province (Table 5).

Note: RT-PCR = reverse transcriptase-polymerase chain reaction.

Reverse Transcriptase-Polymerase Chain Reaction Findings
Reverse transcriptase-polymerase chain reaction was performed
using cattle and sheep liver samples and HEV genome primers.
Hepatitis E virus nucleic acid was not detected in any of the liver samples. In addition, all samples found to be anti-HEV IgG positive were
examined for HEV RNA by RT-PCR. Hepatitis E virus RNA was positive in one of the blood serum samples taken from Elazig (Table 6).
The agarose gel electrophoresis image of the HEV RNA positive sample is shown in Figure 1.

Table 5
ELISA Results for Cattle and Sheep Blood Sera Samples by Province
Cattle
Cattle HEV
Sheep
Sheep HEV
Provinces Anti-HEV Seroprevalence Anti-HEV Seroprevalence
Collected IgG Results
Rate (%)
IgG Results
Rate (%)
Elazig

3

4.2

2

2.6

Erzurum

0

0

0

0

Diyarbakir

29

33,3

0

0

Malatya

0

0

9

6.25

Total

32

16,5

11

5

Hepatitis E virus PCR products obtained from cattle blood sera
samples were purified from agarose gel. The products were purified
and densified by nano spectrophotometer. For sequence analysis,
bidirectional DNA sequence analysis with HEV primers was done by
Macrogen using the ABI 3730XL genetic analysis system. The HEV
sequence obtained in this study was submitted to GenBank and
has GenBank Accession number MN660075. Similarities were determined by comparing with other HEV types in Genbank. In the study,
it was observed that cattle HEV sequences obtained by molecular
characterization of genomic regions shared 97.58% similarity with
the previously reported rat sequence “Hepatitis E virus rat/R63/
DEU/2009 complete genome” (Figure 2).

Note: ELISA = enzyme-linked immunosorbent assay; HEV = hepatitis E virus.

method for phylogenetic tree. The bootstrap value was selected as
1000 repetitions.
Results
Serology Findings
In the present study, 32 out of 194 cattle blood sera samples were
positive and the anti-HEV IgG seroprevalence was 16.5% (32/194)
for all cattle samples. Seroprevalence for anti-HEV IgG was determined as 4.2% (3/71) in cattle blood sera samples from Elazig province. Seropositivity was not found in any of the cattle samples (0/29)

The relativity of the hepatitis E virus, sequenced according to the
ORF-1 region, was investigated based on the Tamura-Nei model
using the maximum likelihood method. The phylogenetic tree created after the process is given in Figure 3. The HEV detected in this
study is in the Orthohepevirus C genus.

Table 6
RT-PCR Results in Cattle and Sheep Samples by Province
Provinces Collected
Elazig

Cattle Anti-HEV IgG (+)
Results

Cattle Sera HEV RNA
Results

Cattle and Sheep Liver
Results

Sheep Anti-HEV IgG (+)
Results

Sheep Sera HEV RNA
Results

0

0

0

0

0

Elazig

3

1

0

2

0

Erzurum

0

0

0

0

0

Diyarbakir

29

0

0

0

0

Malatya

0

0

0

9

0

Total

32

1

0

11

0

Note: HEV = hepatitis E virus; RT-PCR = reverse transcriptase-polymerase chain reaction.
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Figure 1
PCR Results of Bovine Sera Samples, Agarose Gel Electrophoresis Image. M = 100-bp DNA ladder, Cleaver Scientific, UK; Line 1 = negative control;
Line 2 = HEV positive control; Lines 3–19 = bovine sera samples; PCR = polymerase chain reaction; HEV = hepatitis E virus.
Discussion, Conclusion and Recommendations

In developed countries, there has been an increase in human HEV
infection cases in recent years, and zoonotic genotypes 3 and 4 were
identified in many animal species in these countries. Genotypes
1 and 2 are waterborne due to poor sanitation conditions and are
endemic in many developing countries in Asia, Africa, and in Mexico
(Sayed et al., 2015). Globally, animal and human waste, drinking, irrigation, and pollution of coastal waters cause endemic incidents in
industrialized countries (Sooryanarain & Meng 2019). Turkey is considered an endemic country in terms of HEV (Khuroo et al., 2016a;
Tonbak & Atasever, 2019).

Foodborne viruses have been recognized as a growing concern to the
food industry and a serious public health problem. Hepatitis E virus
has been gaining prominence as a foodborne viral agent in recent
years, due to its zoonotic transmission through the consumption of
uncooked or undercooked infected meat or derivatives (Di Cola et al.,
2021). Hepatitis E virus is a food-borne, enteral RNA virus that infects
both humans and many animal species. Hepatitis E virus is mainly
transmitted by the fecal–oral route. While HEV does not show any clinical symptoms in animals, it typically causes acute, self-limiting hepatitis
in normal human hosts. It can also cause chronic hepatitis in immunosuppressed patients. Hepatitis E virus is associated with a higher mortality rate compared to acute hepatitis A virus infection, which is also
transmitted through the enteric route. Hepatitis E virus infection can
cause high mortality in pregnant women (Waqar et al., 2020).

Hepatitis E virus has become an increasing health problem in
European countries in recent years, and an increase was observed
in unknown human cases (Prpić et al., 2015). In studies conducted
in human blood sera, the highest HEV prevalence was found in
the southeastern Anatolia region (Diyarbakir) with 56.4% (Beskisiz,

Figure 2
Sequence Similarity of Bovine Blood Sera Sample.
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Figure 3
Phylogenetic Analysis. Using the Tamura-Nei Model and Maximum Likelihood, the HEV ORF-1 Region 334 Base Pairs Were Prepared. Sequences
Are Defined as Strain, Origin, Host, Genotype in Phylogenetic Tree. HEV = hepatitis E virus; ORF = open reading frame.
In these studies, anti-HEV IgG positivity was reported to be quite high
among adults. In a recent study about HEV seroprevalence in terms
of public health, blood serum samples were examined from 2011 volunteers from the provinces of Ankara, İzmir, Kayseri, Kahramanmaraş,
Van, and Malatya. As in our study, the samples were analyzed by the
ELISA method, and the HEV RNA viral load was researched in seropositive samples. At the same time, two different commercial kits
Pro Diana (Italy) and WANTAI (China) were used for anti-HEV ELISA
testing, and the researchers found HEV seroprevalence in Turkey was
determined to be 11.34% and 12.08%, respectively. Results by province for Dia.Pro (Italy) and Wantaii (China), respectively, were Ankara
12.01–12.51%, Kayseri 6.99–7.81%, Malatya 14.50–15.55%, Izmir
8.07–9.65%, Kahramanmaraş 14.5–15.5%, and Van 11.91–12.99%.
In a prevalence study conducted in 2018 in Çanakkale, anti-HEV IgG
seropositivity was 11.6% in men and 4.5% in women. This rate was
found to be 7.2% in total (Topfedaisi, 2018).

2016) and this supports our work. In this study, the HEV seroprevalence was determined as 16.5% in total and 33.3% in Diyarbakir. The
animals included in the study were Brangus race and were fed for
approximately 12 months in Diyarbakir. In our country, there is not
enough data about HEV in cattle and sheep. We believe that the
present study is the first in the field of veterinary food. Therefore, we
wanted to investigate anti-HEV IgG antibodies in blood sera because
HEV IgGs can be detected for a longer time after infection in blood
serum. In the acute phase of HEV infection, anti-HEV IgM antibodies
can be detected, while gene amplification of viral RNA can be performed (Rivero-Juarez et al., 2018).
In the same region, Demirci et al. (2019) examined 48 cow milk,
65 goat milk, 65 sheep milk, and 53 donkey milk samples and found
the highest positivity rate was in cow milk at 20.34%. This study is
compatible with the current study and it led to the idea that cattle
and sheep could be reservoir animals for HEV in eastern and southeastern Anatolia. In an epidemiological study of HEV RNA quantity
and genotypes, researchers found HEV genotypes 1, 3, and 4 in milk.
In this study, genotype 3 was found in a cattle blood serum sample.

When mentioning HEV infection in animals, the possibilities of single
species + animal breeding, sex, and age are underlined (Antia et al.,
2018). In the present study, cattle and sheep can share the same
feeding area with different species such as goats and chickens in
small-scale enterprises. In addition, rodent interventions for mice
and rats are performed less frequently. Therefore, it is possible to see
a large number of mouse and rat droppings in feed stores and feeders. Cattle especially can eat feces during feed consumption due to
their anatomy. The high seropositivity determined in the study and
97.58% similarity to rat isolates in cattle blood sera support this view.
This means that there may be different animal reservoirs and cross-
contamination between animals can occur. To date, the HEV was
isolated globally from humans and many animal species. In a study
conducted in different regions of Bulgaria to examine the HEV seroprevalence in industrial pigs, the overall HEV seroprevalence was found
to be 60.3%. When cross-contamination is considered regarding HEV
and its zoonotic potential, it appears to be common in industrial
farms in our border neighbor Bulgaria (Tsachev et al., 2019).

Cattle in the eastern and southeastern Anatolia region are generally
fed in closed or semi-closed barns. Animals fed for meat, especially
after 6 months of age, are fed intensively in closed barns for movement and feed control. In this study, anti-HEV IgG seropositivity
indicates HEV infection in cattle and sheep, but further research is
needed about the epidemiology. Consistent with results from other
studies conducted in the southeastern Anatolia region, circulation
of HEV among domestic ruminants can be predicted to occur more
often than expected.
This study is the first serological and molecular study about cattle
and sheep. There are prevalence studies in Turkish people, which
found differences according to regions and study groups (Yaşar,
2017).

98

TONBAK and ATASEVER. Hepatitis E
Acta Veterinaria Eurasia 2022; 48(2): 94-100

Although swine are recognized as the main reservoir, accumulating
evidence indicates that other animal species, including domestic and
wild ruminants, may harbor HEV. In terms of occupational health, it
was reported that HEV infection poses significant health risks to farm
and farm workers, veterinarians, butchers, animal pockets, healthcare
workers, and soldiers (Vonesch et al., 2019). As a matter of fact, in a
study conducted with agricultural workers working in Hevsel Gardens
near Diyarbakir Ceylan et al. (2003) found HEV seropositivity was
34.8% as a result of the use of untreated waste water in agriculture.

Chen, Y., Gong, Q. L., Wang, Q., Wang, W., Wei, X. Y., Jiang, J., & Ni, H. B. (2021).
Prevalence of hepatitis E virus among swine in China from 2010 to 2019:
A systematic review and meta-analysis. Microbial Pathogenesis, 150,
104687. [CrossRef]
Di Cola, G., Fantilli, A. C., Pisano, M. B., & Ré, V. E. (2021). Foodborne transmission of hepatitis A and hepatitis E viruses: A literature review. International journal of food microbiology, 338, 108986. https://doi.org/10.1016/j.
ijfoodmicro.2020.108986
Demirci, M., Yiğin, A., Ünlü, Ö., & Kılıç Altun, S. (2019). Detection of HEV RNA
amounts and genotypes in raw milks obtained from different animals.
Mikrobiyoloji bulteni, 53(1), 43–52.
Doceul, V., Bagdassarian, E., Demange, A., & Pavio, N. (2016). Zoonotic hepatitis E virus: Classification, animal reserviors and transmission routes.
Viruses, 8(10), 270–224. [CrossRef]

To summarize, the results of the present study indicated that cattle
and sheep are reservoir animals for the HEV and can lead to infection
in humans through the food chain. With this study, important data
were obtained to raise the awareness in the rural and urban populations about the importance of HEV. These findings demonstrate that
rodents and also domestic ruminants may be implicated in the viral
cycle transmission. With the data obtained, circulation of HEV in cattle
and sheep fed in Turkey was documented. Considering that HEV infection in animals is asymptomatic, it may be beneficial for legal authorities to plan risk-based checks in terms of veterinary public health and
food safety. Further studies are needed about multiple host reserves.
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