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ABSTRACT

Hepatitis E virus (HEV) is the causative agent of 
hepatitis E — an emerging zoonotic disease distributed 
worldwide. The aim of this study was to determine the 
prevalence of HEV in Slovakian domestic pigs, as this 
has not been studied yet. Clinical samples (n = 269) from 
fourteen randomly selected domestic pig farms for three 
different age categories of pigs were analysed and the 
subsequently detected isolates were genetically charac-
terized. The reverse transcriptase polymerase chain re-
action (RT-PCR) analysis revealed that 32 pigs (11.9 %) 
of all age categories were HEV RNA positive. The highest 
occurrence was detected in fattening pigs (14.8 %) and 
the lowest in weaning pigs (12.5 %). The HEV RNA was 
not observed at all in the youngest category (the suckling 
piglets). The phylogenetic analysis revealed that all Slo-
vak HEV isolates clustered into two genetic groups of the 
genotype HEV-3.
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INTRODUCTION 

Hepatitis E virus (HEV), the causative agent of hepatitis 
E, is a small non-enveloped virus with a virion size of ap-
proximately 27—34 nm in diameter containing a positive-
sense single-stranded RNA with a length of 6.6—7.3 kb. 
The genome is organized into three open reading frames 
(ORF1-3). ORF1 and 3 encoded non-structural proteins 
and ORF2 encodes the viral capsid protein [13]. HEV be-
longs to the Hepeviridae family, which has recently been 
split into two genera, Orthohepevirus and Piscihepevirus. 
Genus Orthohepevirus is classified into four species desig-
nated Orthohepeviruses A–D. Orthohepevirus A is formed 
by seven genotypes, that infect humans (HEV-1, -2, -3, -4 
and -7), pigs (HEV-3 and -4), rabbit (HEV-3), wild boar 
(HEV-3, -4, -5 and -6), mongoose (HEV-3), deer (HEV-3), 
yak (HEV-4) and camel (HEV-7) [23]. 

After the first characterization of HEV in domestic pigs 
by  M e n g  et al. [13] in the USA, the virus has been de-
tected in the same animal species in many other countries 
including Canada [18], Netherlands [25], United Kingdom 
[1], Italy [3], France [21] and Spain [11]. At the same time 
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swine HEV has been detected and characterized in such 
neighbouring countries as Hungary and Czechia [8, 4].

Domestic pigs are believed to be an important source 
of zoonotic transmission of HEV-3 and HEV-4 and they 
are responsible for sporadic human hepatitis E cases world-
wide [17]. It is critical to know the prevalence of HEV in 
domestic pig farms so as to be able to assess the health situ-
ation of the pig population and thus estimate the risk to 
public health.

The objective of this study was: to observe HEV in do-
mestic pigs in Slovakia, which has not been determined as 
yet: to characterize the genetically detected isolates; and to 
gain an insight into the incidence of HEV in the Slovak do-
mestic pig population.

MATERIALS AND METHODS

Samples 
Clinical samples (rectal swabs, n = 269) were obtained 

from the pigs of fourteen randomly selected Slovakian 
domestic pig farms. Three different age categories were 
distinguished: suckling piglets (< 28 days, n = 35), wean-
ers (28—70 days, n = 112), and fattening pigs (> 70 days, 
n = 122). No clinical sign of any disease was observed. The 
health status of each pig was evaluated by a qualified vet-
erinarian on each farm. 

Isolation of RNA and synthesis of cDNA
The rectal swabs were processed in the laboratory by 

elution into 1 ml of 0.01 mol.l–1 PBS (Merck Millipore 
Corp., USA) for 30 min. The eluted solution was vortexed at 
2000 rev. min–1 for 3 min and then centrifuged at 17 500 × g 
for 5 min. The total RNA was isolated using TRIzol Reagent 
(Life Technologies, USA) from 200 µl of a sample according 
to the manufacturer’s instructions and dissolved in 20 µl of 
molecular biology grade water (Merck, GmbH, Germany). 
Samples with aliquots of the isolated RNA were stored 
at –80 °C. The cDNA was synthesized in a 20 µl reaction 
mixture comprising 5 µl of isolated RNA, 5 µM of random 
hexamers (Invitrogen, USA), 50 µl dNTPs (Thermo Fisher 
Scientific, Inc., USA), 200 U RevertAid Premium reverse 
transcriptase with 1xRT buffer (Thermo Fisher Scientific, 
Inc., USA), 20 U RNase inhibitor (Takara Bio, Inc., Japan), 
and molecular biology grade water (Merck, GmbH, Ger-
many). The mixture was incubated at 65 °C for 5 min and 

then chilled on ice to destroy the RNA secondary struc-
ture. Subsequently, the mixture was incubated at 25 °C for 
10 min, then at 50 °C for 30 min to synthesise cDNA, and at 
85 °C for 5 min to terminate the reaction.

Detection of HEV by nested reverse transcriptase 
polymerase chain reaction (RT-PCR) 

The detection of the partial HEV genome was based on 
the amplification of a 242 bp fragment of ORF1 gene using 
outer and inner primers published by  E r k e r  et al. [5]. The 
PCR reaction mixture (25 µl) was composed of 1x Ther-
moPol reaction buffer (New England Biolabs, Inc., USA), 
200 µM dNTPs (Thermo Fisher Scientific, Inc., USA), 
0.3 µM of outer primers, 0.5 U Taq DNA polymerase (New 
England Biolabs, Inc., USA), 2 µl cDNA, and molecular 
grade water (Merck, GmbH, Germany). The first PCR was 
run with the following thermal profile: 1 cycle at 95 °C for 
1 min, and 35 cycles with denaturation at 95 °C for 30 s, an-
nealing at 55 °C for 1 min, and extension at 68 °C for 1 min, 
and a final extension at 68 °C for 5 min. In the second PCR 
inner primers, a similar thermal profile was used. The size 
of the PCR products was checked by electrophoresis in 2 % 
agarose gel after staining with GelRedTM (Biotium, Inc., 
USA) and visualization by Gel Doc EZ imager (Bio-Rad 
Laboratories, Inc., USA).

Sequencing of DNA and phylogenetic analysis of HEV
Purified PCR products were sequenced using an auto-

matic sequencer ABI PRISM (Microsynth Austria, GmbH, 
Austria). The sequences from both strands of the PCR 
products were determined with the same primers as those 
used for the nested PCR amplification. Partial ORF1 se-
quences (242 nt) were edited and aligned by the computer 
programme SeqMan, EditSeq and MegAlign (Lasergene, 
DNASTAR, Inc. USA). The phylogenetic tree was con-
structed by the neighbour-joining method using MEGA 
4.0 [24].

RESULTS

The results of the prevalence of hepatitis E virus in the 
domestic pigs are summarized in Table 1. The RT-PCR anal-
ysis of 269 enteric samples revealed that 32 pigs (11.9 %) of 
all age categories were HEV RNA positive. When looking 
across age categories, HEV RNA was most often detected 
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 HEVsw2005-1043 NL (EF372552)

 005-10 SRB (HM483380)

 V069076 DE (EU879099)

 HUN-034 HU (EU718648)

 swR437 DE (FR846453)

 Arkell Canada (AY115488)

 HE-JA4 JPN (AB082549)*

 V1007999hu DE (FN995000)*

 swR269 DE (FR846455)
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 ZHa18 SK
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 CZswHEV21 CZ (EU117413)

 CZswHEV10 CZ (EU117411)

 CZswHEV14 CZ (EU117412)
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Fig. 1. The phylogenetic tree based on the partial ORF1 region of HEV-1, -2, -3, -4 genotypes
All HEV isolates from GenBank — in parentheses with GenBank Acc. No.

Human HEV isolates from GenBank — in parentheses with GenBank Acc. No., in addition labelled *
Slovak swine HEV isolates without GenBank Acc. No. in parentheses
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in fattening pigs (14.8 %), while a lower prevalence was de-
tected in weaned piglets (12.5 %). HEV RNA was not ob-
served in suckling piglets. Positive HEV RNA samples were 
detected only on two pig farms from all of the 14 analysed 
farms.

Phylogenetic analysis revealed that Slovak HEV iso-
lates clustered into two genetic groups (Fig. 1). All Slovak 
HEV isolates were typed as HEV-3. The comparison of 
nucleotide sequences of Slovak HEV isolates to each other 
showed 81.0—100 % identity. The identity of the nucleo-
tide sequences of Slovak HEV isolates with HEV isolates 
from neighbouring countries, Czechia and Hungary, was 
observed 81.8—86.8 % and 80.686.8 %, respectively. 

DISCUSSION 

After the first characterization of swine HEV in USA by 
M e n g  et al. [13], the virus has been detected in the same 
species in many countries including Spain, Netherlands, 
Canada, United Kingdom [19, 25, 18, 1] and recently has 
been described in Africa [16]. 

Our study investigated the occurrence of HEV in clini-
cally healthy pigs on Slovak domestic pig farms indicating 
a relatively high presence of HEV (11.9 %). Very low occur-
rence of RNA HEV (3 %) was observed in faeces samples 
collected in a Czech slaughterhouse, similarly to clinically 
healthy pigs [4]. Besides Czechia, swine HEV was detected 
and characterized in neighbouring Hungary. HEV infec-
tion among domestic swine appears to be at quite a high 
level (39 %) on the Hungarian swine farms [20].

This study detected HEV in clinically healthy pigs. Most 
of the published studies are based on the detection in natu-
rally or experimentally infected pigs [2, 9, 19]. 

Up to now only a few studies have been aimed at HEV 
detection in relation to the age of pigs. Although two pub-
lished studies pointed out that 2—4 months old pigs usu-
ally showed HEV infection [13, 14], our study demon-
strated that the virus can be detected in pigs younger than 
2 months. In our study, we have observed the occurrence 
of HEV in 12.5 % of weaned piglets (28—70 days old). The 
highest percentage of HEV (14.8 %) was observed in the 
fattening category (> 70 days old). Similarly, the highest 
percentage of pigs with RNA HEV (36 %) was observed 
by F o r g á c h  et al. [8] in a comparable age group (11—
16  weeks old) of pigs. 

Contrary to the results indicating a low HEV prevalence 
(9 %) in 1—4 week old piglets detected by  F o r g á c h  et al. 
[8], we failed to detect HEV in the youngest age category, 
the suckling piglets (< 28 days old). The protective role of 
passive immunity is probably the reason for the absence of 
HEV in suckling piglets in our study. We assume that the 
influence of maternal antibodies in this age category of pigs 
has a high protective effect.

By RT-PCR detection in the Netherlands, 22 % and 
55 % of the pig farms were found HEV-positive in 1999 and 
2005, respectively [22]. In the USA, 54 % and 40 % of the 
pig farms were found HEV-positive in 2002 and 2005, re-
spectively [10, 12]. Surprisingly, HEV RNA was detected 
in 100 % of the 6 pig farms located in northern Italy [3], 
in 73 % of the pig farms investigated in Shanghai [15]. In 
Spain the prevalence of HEV among pig farms increased 
from 38 % in 2006 to 76 % in 2007 [6, 7]. 

The nucleotide sequences of ten HEV isolates from Slo-
vakia were aligned and compared to each other and to the 
selected strains deposited in GenBank. The comparison of 
the nucleotide sequences identity of Slovak HEV isolates to 
each other showed high identity in nearly 100 %. By com-
parison of nucleotide sequences from neighbouring coun-
tries, Czechia and Hungary, an identity within 80.6—86.8 % 
was observed. By phylogenetic analysis of partial ORF1, we 
found that Slovak isolates clustered into two genetic groups 
(Fig. 1). All Slovak HEV isolates were typed as genotype 
HEV-3, which is a common genotype of animal, including 
human isolates. This is considered an important character-
istic of the potential source of human infections.

Table 1. The incidence of HEV in different age 
categories of domestic pigs

Age category
[days]

Number 
of samples

[n]

Number
of HEV RNA 

positive
[n]

Percentage
of HEV RNA 

positive
[%]

Suckling piglets
< 28 days 35 0 0

Weaners
28–70 days 112 14 12.5

Fattening
> 70 days 122 18 14.8

Total 269 32 11.9
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CONCLUSIONS

In our study we investigated the prevalence of HEV 
on domestic pig farms in Slovakia which has not been ad-
dressed before. The analysis of three different age catego-
ries of domestic pigs showed some differences. The high-
est occurrence was observed in the fattening category and 
lowest in weaned piglets. HEV RNA was not observed in 
the youngest category (the suckling piglets). The phyloge-
netic analysis revealed that the Slovak HEV isolates clus-
tered into two genetic groups. All Slovak HEV isolates were 
typed as HEV-3, which are capable of infecting humans.

In the near future, we would like to extend our investi-
gations to other domestic pig farms in Slovakia and to char-
acterize more HEV isolates.
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