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Swine hepatitis E virus (HEV) has been reported as a new zoonotic agent due to its close genomic resemblance to the 
human HEV. Recently this virus is indicated as one of the important pathogens in xenotransplantation that uses pig as a 
donor animal. We carried out to investigate the prevalence of HEV infections among the pigs and human population in 
Chungnam region using a nested RT-PCR for detection of a part of HEV ORF2 gene. The sequences of the amplified 
DNA were analyzed and the genetical divergency were characterized. A total of 18 HEV strains, comprising 16 strains 
from pig and 2 strains from human, were genetically isolated from the fecal and serum samples. Among the isolates, 5 
strains (2.5%) were detected from 200 swine sera and 2 strains (2.0%) from 100 human sera. All of the 16 swine strains 
were isolated from the pigs at 3 month of age, but none of age groups revealed the positive for swine HEV RNA. In 
comparison of the nucleotide sequence between 16 swine HEV and 2 human HEV isolates, the range of identities was 
91.5% to 100%. Two human HEV isolates shared 99.7% homology. In phylogenetic analysis, all of the isolates were 
classified into genotype III, and the 18 isolates were also closely related to the prototype of swine HEV and human HEV 
strains isolated in the United States and others recently identified from swine in Japan and Netherland. 
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INTRODUCTION 

 
Among the six hepatitis types (A, B, C, D, E and G), 

hepatitis E is known as food-borne and water-borne hepa- 
titis, as it is believed to be transmitted primarily by the 
fecal-oral route via contaminated food or water. Therefore, 
hepatitis E is considered an important public health problem 
in many developing countries (20,22). 

Hepatitis E virus (HEV), the causative agent of hepatitis 
E, is a positive-sense, single-strand RNA virus without 

envelope. Although it was once classified in the family 
Caliciviridae, due to the uniqueness of its genome structure, 
it has been separated from family Caliciviridae and desi- 
gnated an unclassified group called 'hepatitis E-like viruses' 
(5,20). The genome of HEV is approximately 7.2 kb and 
contains three open reading frames and a short 5' and 3' 
nontranslated region. ORF1 is the largest of the three open 
reading frames and encodes nonstructural proteins. ORF2 
encodes the putative capsid protein, and ORF3 encodes a 
small protein of unknown function (1,21,26). Two immu- 
nodominant epitopes have been identified in HEV, one at 
the carboxyl end of ORF2 and one at the carboxyl end of 
ORF3. ORF2 is relatively highly conserved. In contrast, 
ORF3 is more heterogeneous. 

HEV sequences have tentatively been classified into four 
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major genetic groups (genotypes I-IV). The majority of 
HEV infections in Asia and Africa are caused by genotype 
I and Mexico and Nigeria are caused by genotype II, while 
genotype III or IV have been described in the United States, 
European countries, Korea, Japan, Taiwan and China (2,3, 
6,7,10,11,23~25,27,29). HEV was previously considered 
endemic only in many developing countries of Asia, Middle 
East, and Africa and also in Mexico. However, recent studies 
have documented evidence for hepatitis E among persons 
from several industrialized nations without any history of 
travel to endemic countries. In addition, high levels of anti-
HEV antibodies were detected in several animal species, 
including pigs, sheep, cattle, dogs, rodents, and monkeys, 
which lived in both countries of HEV endemicity and count- 
ries of nonendemicity (1,4,8,12). These facts suggest that 
animals are an important reservoir of HEV infections in 
humans. 

Swine HEV is ubiquitous in pig herds of various count- 
ries (2,3,6,10,11,26). In the United States, two distinct HEVs 
have been isolated from two patients with acute hepatitis E 
(designated US-1 and US-2) (15,16,29). It was reported 
that a novel swine HEV strain isolated in pigs in the United 
States was genetically very closely related to two U.S. strains 
of human HEV (15,16). Similarly, the swine HEV strains 
isolated from pigs in Taiwan and Japan are closely related 
to human HEV strains isolated in Taiwan and Japan, respec- 
tively (10,18,29). 

Recently swine has been considered as a good donor 
animal for xenotransplantation. However, it has been im- 
plied that the organ transplantation might directly transmit 
swine viruses to a human recipient who may pose further 
xenozoonotic risks in the community (12,20,30). Also, HEV 
from swine might sometimes be transmitted to humans 
through environmental contact. All in all, swine HEV is of 
primary concern to screen and eliminate from xenotrans- 
plantation protocols. 

In Korea, detection of HEV strains from human and 
swine and prevalence of anti-HEV antibodies in swine and 
human population have been reported (2). And the genes of 
swine HEV were detected in the liver specimens from the 
commercial swine herds by RT-PCR and in situ hybridi- 
zation (7). However, it is necessary to elucidate further the 
genetic variations among swine HEV and the epidemiolo- 
gical patterns of swine HEV infection in the swine farms in 

Korea. 
The aim of this study was to detect and characterize the 

HEV in fecal and serum samples from the pigs and humans 
in Chungnam region using a nested RT-PCR and nucleo- 
tide sequencing. In this study, a total of 18 HEV strains were 
isolated from the pigs and human populations and the gene- 
tical characters of the isolates were demonstrated. 

 
MATERIALS AND METHODS 

1. Fecal and serum samples 

The fecal and serum samples used in this study were 
collected from a total of 200 pigs, 170 heads of 2 to 5 
months of age and 30 sows over 7 months of age, from 11 
different pig herds located in Chungnam region (Table 1). 
The pigs for sample collection were randomly selected. 
Fecal samples from rectal swabs were resuspended in 10% 
calcium- and magnesium-free phosphate-buffered saline, 
and the suspensions were centrifuged at 3,000 rpm for 10 
min at room temperature. A total of 100 human serum sam- 
ples were obtained from the regional public health centers 
and local hospitals regardless of ages and genders. Serum 
and fecal samples were stored at -70℃ until they were 
tested. 

2. RNA extraction 

Total RNA was extracted from 400 µl of fecal suspension 
or sera with Solution D buffer (4 M guanidium isothio- 
cyanate, 25 mM NaCl, sodium citrate, pH 7.0, 0.5% N-
lauroyl sarcosine, 0.1 M 2-β-mercaptoethanol, 0.1% DEPC). 
Fifty µl of 2 M sodium acetate, pH 4.5, and 600 µl of 
phenol/chloroform/isoamyl-alcohol (PCI) were added to 
the tube containing the extracted RNA before the tube was 
centrifuged at 12,000 rpm for 10 min at room temperature. 
The supernatant was transferred to a fresh tube containing 
equal volume of isopropanol before the tube was incubated 
for 10 min at room temperature. The precipitated RNA was 
collected by centrifugation at 12,000 rpm for 20 min. The 
pellet was washed twice with 75% ethanol by centrifugation. 
The RNA pellet was dried under vacuum and was dissolved 
in 20 µl of DEPC-treated H2O. 

3. Primers, RT-PCR and nested PCR 

Total RNA was reverse transcribed with HEV-specific 
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primers and SuperScript II reverse transcriptase (GIBCO-
BRL, Grand Island, NY, USA) in RT buffer (5× buffer, 
0.1 M DTT, 10 mM dNTP mix) at 42℃ for 1 h. The cDNA 
templates were subjected to amplification by a PCR stan- 
dardized to detect HEV RNA (2,11). Two sets of primers 
derived from the putative capsid gene of ORF2 genes of 
different known strains of human HEV and the U.S. swine 
HEV strain were used for the nested PCR. The external set 
of primers were designed to produce a 731 bp PCR product 
referring to the nucleotides 5711 to 6441 of the US swine 
HEV (11). The external set of primers had the following 
sequences: forward primer 5'-AATTATGCCTCAGTACT- 
CGGAGTTG-3', and reverse primer 5'-CCCTTAGTCC- 
TTGCTGACGCATTCTC-3'. The expected size of PCR 
product amplified with the nest set of primers was 353 bp 
(nucleotides 5992 to 6345 of the US swine HEV) (11). The 
nest set of primers had the following sequences: forward 
primer, 5'-GTTAATGCTTCTGCATATCATGGCT-3' and 
reverse primer 5'-AGCCGACGAAATCAATTCTGTC-3'. 
The initial PCR consisted of 39 cycles of denaturation at 
94℃ for 1 min, annealing at 42℃ for 1 min, and extension 
at 72℃ for 2 min, followed by a nested PCR of 39 cycles 
with 10 µl of the first-round PCR product. The nested PCR 
was conducted with the following components: 10 µl of the 
initial RT-PCR product, 5 µl of the 10× PCR buffer with 
MgCl2 (25 mg/ml), 4 µl of the dNTP mix (10 mM of each 
dNTP), 1 µl of the nested forward primer (100 pM/µl), 1 µl 
of the nested reverse primer (100 pM/µl), 1 µl of Taq poly- 
merase (5 units/µl), and 28 µl of the double-distilled water. 
The thermal cycling conditions for the nested PCR included 
5 cycles of denaturation for 30 s at 94℃, annealing for 30 s 
at 45℃, and extension for 1 min 15 s at 72℃. This was 
followed by 35 cycles of denaturation for 30 s at 94℃, 
annealing for 30 s at 53℃, and extension for 1 min 15 s at 
72℃, and a final incubation for 7 min at 72℃. The ampli- 
fication products were electrophoresed on a 1.5% (w/v) 
agarose gel, stained with ethidium bromide and photogra- 
phed under UV light and then were purified by Gel extrac- 
tion kit (Gel sv, GENEALL, Korea). 

4. Cloning of PCR products 

E. coli DH5α was cultured overnight in 5 ml of Luria-
Bertani broth (Tryptone 10 g, Yeast extract 5 g, NaCl 10 g 
per liter) and prepared as the competent cells. The cells 

were dispensed into 200 µl aliquots in the pre-chilled micro- 
fuge tubes and stored at -70℃ until they were used. T4 
DNA ligase (Promega, Madison, WI, USA) was used to 
ligate the PCR products (353 bp) into multicloning sites 
containing lac Z gene of plasmid vector pGEM-T Easy 
(Promega). Ligtion mixtures of a 2 µl of plasmid vector 
DNA, 10 µl of 2× T4 ligation buffer (Promega), 1 µl of 
T4 ligase (Promega), 7 µl of PCR products and distilled 
water to make a total volume of 20 µl was incubated at 
16℃ for 12 hr. The resulting recombinant plasmid was 
designated as pGEM-T Easy-ORF2 

For transformation of E. coli DH5α competent cells, 
recombinant plasmid DNA pGEM-T Easy-ORF2 was added 
to a pre-chilled, sterile, round - buttomed test tube. Compe- 
tent cells of 200 µl in a tube were rapidly thawed and were 
added with plasmid DNA. The mixed tube was placed on 
ice for 30 min and then heat-shocked by placing the tube in 
a 42℃ heating block for 90 s. The tube was kept on ice for 
5 min before 700 µl of LB broth was added to the tube and 
then the tube was incubated at 37℃ for 1 hr with vigo- 
rous shaking. The cultured cells were centrifuged and were 
spread on selective LB agar plate containing ampicillin (100 
µg/ml), 35 µl of 50 µg/ml X-gal (Promega), and 20 µl of 
1 M isopropylthio - galactoside (IPTG, Sigma Chemical 
Co., St, Louis, MO, USA). After overnight incubation at 
37℃, a white colony was picked from the selective LB agar 
and was transferred in LB medium containing ampicillin 
(100 µg/ml) before it was incubated overnight at 37℃ with 
vigorous shaking. The insert of ORF2 gene was identified 
by restriction enzyme digestion with EcoRI. The PCR pro- 
ducts were purified with PCR purification kit (GENEALL, 
Korea). 

5. Analysis of nucleotide sequences 

After gene cloning of PCR products, the DNAs were used 
as the sample for nucleotide sequencing analysis. Analysis 
of nucleotide sequences of the clones were carried out by 
Solgent Company (Korea) using ABI prism 3100 DNA 
analyzer (Perkin Elmer Cetus, Norwalk, CT, USA). Pair- 
wise sequence comparison and phylogenetic analyses were 
carried out with the aid of computer software with a weigh- 
ted residue weight table (Window Version 5,0; DNASTAR, 
Inc., Madison, WI, USA). The sequences were assembled 
by the Editseq program. Multiple sequence alignments were 
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performed with the Seqman program in the DNAstar pack- 
age. The graphical outputs of the phylogenetic trees were 
produced by the Maqalign program in the package. 

The name of isolates, the GenBank accession numbers 
and the geographic origins of the HEV strains used in 
analyses of the nucleotide sequence and phylogenesis are 
as follows: Hev037 (X98292, India), Sar-55 (M80581, 
Pakistan), Vietnam (AF170450), Burma (M73218), JRA1 
(AP003430, Japan), Hetian (L08816, China), Ch-T21 (AF- 
151963, China), Tw32sw (AF117280, Taiwan), Morocco 
(AF065061), Mexico (M74506), U.S. swine HEV (AF- 
082843), HEV-US1 (AF060668, U.S.), HEV-US2 (AF- 
060669, U.S.), avian (AY043166, U.S.). swj7-1 (AB094219, 
Japan), JSN-Sap (AB091395, Japan), swj681 (AB073910, 
Japan), NLSW20 (AF336290, Netherlands), Egypt (AF- 
051351), swKOR1 (AF516178, Korea), swKOR2 (AF- 
516179, Korea), and swKOR3 (AF527942, Korea). 

 
RESULTS 

1. Detection of swine and human HEV by PCR 

The initial PCR was performed with the template cDNA 
and a set of external forward and reverse primers. The 
reaction was expected to produce a 731 bp PCR product. 
However, the initial PCR conditions used in this study 
produced a HEV-specific DNA band in a few specimens. 
Therefore, the product of PCR was amplified again with 
a set of nest forward and reverse primers. This method 
successfully produced the 353 bp HEV-specific DNA band. 

The isolates of HEV from the feces and sera were finally 
identified by the nested RT-PCR as the 353 bp PCR pro- 
duct. 

Sixteen swine HEV strains were identified in the pig 
samples of 200 feces and sera collected from 11 different 
herds in Chungnam region. All of the isolates were origina- 
ted from the pigs at 3 month of age, but none of age groups 
revealed the positive for swine HEV RNA. Eleven strains 
of 16 isolates (5.5%) were identified from the 200 fecal 
samples and 5 (2.5%) from 200 sera (Table 1). The hundred 
samples of human sera were tested for HEV RNA. Two 
strains (2.0%) named as KorHEV-1 and KorHEV-2 were 
isolated from the sera. 

2. Sequence analysis of HEV isolates 

Eighteen HEV isolates were genetically analyzed by 
comparing the highly conserved 323 bp of ORF2 to those 
of other human and swine HEV isolates (Table 2). The iso- 
lates shared the identities of 92.9% to 99.7%, 93.2% to 
100% and 92.3% to 94.7% against swKOR1, swKOR2, and 
swKOR3 of Korean isolates reported previously, respecti- 
vely. In comparison with the human and swine strains, the 
sequences of KorHEV-1 against SWKB-5S, and those of 
SWKB-3S, SWKB-4S and SWKT-2F against KorHEV-2 
showed 99.4 to 100% identity. Two human HEV isolates; 
KorHEV-1 and KorHEV-2, shared 99.7% homology. In 
comparison with the foreign isolates, 18 isolates shared 
89.5% to 92.3% identities with the prototype U. S. swine 
HEV strain (AF082843), 85.1% to 89.5% identities with 

Table 1. Detection of HEV RNA in the specimens from the pigs and humans 

No. of positive samples (%) 
Species Age groups 

 
No. of samples 

tested Feces Serum 
Designation of isolates 

2a  29 0 0  

3  67 11 (16.4) 5 (7.5) 

4  49 0 0 

5  25 0 0 

Pig 

>7 (sows)  30 0 0 

SWKB1F, SWKB2F, 
SWKB3F, SWKB4F, 
SWKB5F, SWKB6F, 
SWKB7F, SWKB1S, 
SWKB2S, SWKB3S, 
SWKB4S, SWKB5S 
SWKT1F, SWKT2F, 
SWKT3F, SWKY1F 

 Subtotal 200 11 ( 5.5) 5 (2.5)  

Human 30~50b 100 NT 2 (2.0) KorHEV-1, KorHEV-2 
a Month old, b Years old, NT; not tested 
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Table 2. Pairwise comparison of the nucleotide identity of partial ORF2 gene (6020~6342 nt) of 18 HEV isolates identified in this study and other selected strains of HEV worldwidea 

Isolate % identity with isolate no. 

No Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

 1 Egypt  89.8 76.8 79.9 78.3 89.8 78.6 88.2  78.6 77.7 78.0 77.7 75.2 87.6 77.7 88.5 76.2 87.6 78.9 78.6  51.4 76.5 77.4 78.0 77.1 77.1  78.0 77.1 77.7 76.8  78.0 76.5 77.7 78.3  77.1  76.8 77.7  78.0  76.5  76.8

 2 Hev037   77.1 78.9 78.3 89.2 77.7 91.6  77.7 78.6 78.9 79.3 78.0 89.8 79.3 92.0 77.1 91.3 78.0 77.7  51.4 76.2 78.6 78.3 78.3 78.3  78.9 78.0 78.6 77.7  78.9 77.4 78.6 78.6  78.3  77.7 78.6  78.9  77.4  77.7

 3 HEV-US1    79.3 89.2 78.0 87.0 77.1  87.0 93.8 93.5 92.0 77.7 77.1 91.6 77.4 90.7 76.8 80.2 80.2  52.3 73.4 92.6 92.6 91.6 92.3  93.5 92.3 93.2 92.0  93.5 91.6 93.2 93.2  92.3  92.0 93.2  93.5  91.6  92.0

 4 Ch-T21     79.9 79.6 79.3 79.9  79.3 78.9 79.3 78.9 85.4 80.8 78.3 80.2 77.4 79.9 87.3 87.9 251.1 77.7 79.3 78.9 78.9 78.9  79.3 78.6 78.9 78.3  79.3 78.6 78.9 79.3  78.9  78.3 78.9  79.3  78.6  78.3

 5 JRA1      78.3 91.0 77.4  91.0 89.8 89.5 87.9 77.4 80.5 87.3 78.9 87.0 76.5 79.6 80.5  52.0 74.3 86.7 87.0 87.3 86.7  89.5 87.6 89.2 87.3  89.5 87.6 89.2 89.2  86.7  87.3 89.2  89.5  87.6  87.3

 6 Moroco       77.4 89.8  77.4 78.0 78.3 78.6 75.9 86.7 78.0 87.6 78.0 89.2 80.2 79.3  52.6 76.5 79.6 79.9 79.6 79.3  78.3 77.4 78.0 77.1  78.3 77.4 78.0 78.6  79.3  77.1 78.0  78.3  77.4  77.1

 7 NLSW20        78.0 100.0 87.9 87.6 86.1 77.4 78.3 85.4 77.4 84.8 77.1 79.3 79.6  54.5 74.9 85.1 85.1 85.8 84.8  87.6 85.8 87.3 85.4  87.6 85.1 87.3 87.9  84.8  85.4 87.3  87.6  85.1  85.4

 8 Sar-55          78.0 78.0 78.3 77.7 78.0 90.1 78.0 92.9 77.7 97.5 78.0 80.2  52.3 77.7 77.7 77.4 77.7 77.4  78.3 77.4 78.0 77.1  78.3 76.8 78.0 78.0  77.4  77.1 78.0  78.3  76.8  77.1

 9 swj681          87.9 87.6 86.1 77.4 78.3 85.4 77.4 84.8 77.1 79.3 79.6  54.5 74.9 85.1 85.1 85.8 84.8  87.6 85.8 87.3 85.4  87.6 85.1 87.3 87.9  84.8  85.4 87.3  87.6  85.1  85.4

10 swKOR-1           99.7 94.4 78.0 77.1 93.5 77.4 91.6 77.7 79.6 79.6  50.8 73.7 93.2 93.2 96.6 92.9  99.7 97.8 99.4 97.5  99.7 97.2 99.4 99.4  92.9  97.5 99.4  99.7  97.2  97.4

11 swKOR-2            94.7 77.7 76.8 93.8 77.1 92.0 78.0 79.9 79.9  51.1 74.0 93.5 93.5 96.9 93.2 100.0 98.1 99.7 97.8 100.0 97.5 99.7 99.7  93.2  97.8 99.7 100.0  97.5  97.8

12 swKOR-3             78.6 78.0 91.6 77.7 90.4 76.8 79.3 78.6  51.7 74.6 93.2 93.2 93.5 92.9  94.7 92.9 94.4 92.6  94.7 92.3 94.4 94.4  92.9  92.6 94.4  94.7  92.3  92.6

13 Tw32sw              77.4 76.8 77.1 76.8 76.8 83.3 83.9  52.3 73.1 76.8 77.1 77.7 76.5  77.7 76.5 77.4 76.2  77.7 76.5 77.4 77.7  76.5  76.2 77.4  77.7  76.5  76.2

14 Vietnam               78.0 96.6 76.5 90.1 77.1 78.0  50.8 77.7 77.1 76.8 76.8 76.8  76.8 75.2 76.5 74.9  76.8 75.2 76.5 76.5  76.8  74.9 76.5  76.8  75.2  74.9

15 HEV-US2                77.1 93.2 78.3 79.3 78.6  49.5 72.4 92.3 92.3 92.6 92.0  93.8 92.0 93.5 91.6  93.8 91.3 93.5 94.1  92.0  91.6 93.5  93.8  91.3  97.6

16 Burma                 75.9 93.5 77.7 79.3  51.1 78.3 76.8 76.5 77.1 76.5  77.1 76.2 76.8 75.9  77.1 75.5 76.8 76.8  76.5  75.9 76.8  77.1  75.5  75.9

17 USswineHEV                  78.0 78.3 77.7  51.4 74.9 92.0 92.3 92.0 91.6  92.0 90.1 91.6 89.8  92.0 89.5 91.6 91.6  91.6  89.8 91.6  92.0  89.5  89.8

18 Hetian                   77.7 79.9  52.0 78.3 78.0 77.7 78.0 77.7  78.0 77.1 77.7 76.8  78.0 76.5 77.7 77.7  77.7  76.8 77.7  78.0  76.5  76.8

19 JSN-Sap                    96.9  52.3 76.8 77.4 77.7 78.9 77.1  79.9 78.6 79.6 78.3  79.9 78.0 79.6 79.9  77.1  78.3 79.6  79.9  78.0  78.3

20 swj7-1                      53.6 77.4 76.8 77.1 78.3 76.5  79.9 78.6 79.6 78.3  79.9 78.0 79.6 79.9  76.5  78.3 79.6  79.9  78.0  78.3

21 avian                      49.8 5.08 51.1 51.7 50.8  51.1 50.2 51.4 50.2  51.1 49.8 50.8 51.1  50.8  50.2 50.8  51.1  49.8  50.2

22 Mexico                       74.6 74.3 74.9 74.9  74.0 72.8 73.7 72.4  74.0 72.1 73.7 73.7 74.9  72.4 73.7  74.0  72.1  72.4

23 SWKB-1F                        98.8 96.0 99.1  93.5 91.6 93.2 91.3  93.5 91.0 93.2 93.2  99.1  91.3 93.2  93.5  91.0  91.3

24 SWKB-1S                         96.0 98.5  93.5 91.6 93.2 91.3  93.5 91.0 93.2 93.2  98.5  91.3 93.2  93.5  91.0  91.3

25 SWKB-2F                          96.3  96.9 95.0 96.6 94.7  96.9 94.4 96.6 96.6  96.3  94.7 96.6  96.9  94.4  94.7

26 SWKB-2S                            93.2 91.3 92.9 91.0  93.2 90.7 92.9 92.9 100.0  91.0 92.9  93.2  90.7  91.0

27 SWKB-3F                            98.1 99.7 97.8 100.0 97.5 99.7 99.7  93.2  97.8 99.7 100.0  97.5  97.8

28 SWKB-3S                             98.1 99.7  98.1 99.4 97.8 97.8  91.3  99.7 97.8  98.1  99.4  99.7

29 SWKB-4F                              97.8  99.7 97.5 99.4 99.4  92.9  97.8 99.4  99.7  97.5  97.8

30 SWKB-4S                                97.8 99.7 97.5 97.5  91.0 100.0 97.5  97.8  99.7 100.0

31 SWKB-5F                                97.5 99.7 99.7  93.2  97.8 99.7 100.0  97.5  97.8

32 SWKB-5S                                 97.2 97.2  90.7  99.7 97.2  97.5 100.0  99.7

33 SWKB-6F                                  99.4  92.9  97.5 99.4  99.7  97.2  97.5

34 SWKB-7F                                    92.9  97.5 99.4  99.7  97.2  97.5

35 SWKT-1F                                     91.0 92.9  93.2  90.7  91.0

36 SWKT-2F                                     97.5  97.8  99.7 100.0

37 SWKT-3F                                       99.7  97.2  97.5

38 SWKY-1F                                        97.5  97.8

39 KorHEV-1                                         99.7

40 KorHEV-2                                         
a References for other HEV strains used in comparisons: Hev037 (X98292, India), Sar-55 (M80581, Pakistan), Vietnam (AF170450), Burma (M73218), JRA1 (AP003430, Japan), Hetian (L08816, China), Ch-T21 (AF151963, China), Tw32sw (AF117280, 

Taiwan), Morocco (AF065061), Mexico (M74506), U.S. swine HEV (AF082843), HEV-US1 (AF060668, U.S.), HEV-US2 (AF060669, U.S.), avian (AY043166, U.S.). swj7-1 (AB094219, Japan), JSN-Sap (AB091395, Japan), swj681 (AB073910, Japan), 
NLSW20 (AF336290, Netherlands), Egypt (AF051351), swKOR1 (AF516178, Korea), swKOR2 (AF516179, Korea), and swKOR3 (AF527942, Korea) 
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Japanese swine HEV strains, 84.8% to 87.9% identities with 
a Netherland strain and 76.2% to 77.7% identities with a 
Taiwanese swine HEV. In contrast, the 18 isolates shared 
49.8% to 51.7% nucleotide sequence identities with the 
avian HEV and 72.1% to 74.9% identifies with Mexican 
isolates (Table 2). 

Phylogenetic analysis showed that all the Korean HEV 
isolates identified in this study clustered in the same geno- 
type with three swine HEV strains, swKOR1, swKOR2 and 
swKOR3, which were previously isolated from the pig sera 
in Korea, and with the human and swine HEV strains iso- 
lated from the United States, Japan and Netherland. They 
formed a distinct branch in genotype III (Fig. 1). The 18 
isolates were also closely related to the prototype U.S. swine 
HEV isolate, two U.S. human HEV strains (US1, US2) and 

other recently identified from swines in Japan (swj681) and 
Netherland (NLSW20) (Fig. 1). 

 
DISCUSSION 

 
Recently, numerous novel strains of HEV have been 

identified from human and swine in both developing and 
industrialized countries. And swine HEV was known to be 
genetically related to human HEV strains. It has been reco- 
gnized that a large portion of pigs are infected with the 
HEV in the world (10,31). The swine HEV appeared to be 
non-pathogenic for pigs and primates in experimental infec- 
tions, but it might become pathogenic in the immunosup- 
pressed animals and humans (12,30). 

In this study, a total of 18 HEV strains, comprising 16 

Figure 1. Phylogenetic tree analysis of Korean isolates of swine HEV by comparison of the conserved 323 bp (6020~6342 nt) of ORF2
in the various swine and human HEV isolates. Groups; I, II, III and IV. 
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strains from pigs and 2 strains from human, were isolated 
from the fecal and serum samples from swine and human 
by the nested RT-PCR for the partial ORF2 gene. Swine 
HEV RNA was isolated from fecal and serum samples 
obtained only from the swine group at 3 month of age. The 
relevance within age groups in infection of swine and human 
HEV has been reported, indicating that a prevalent age 
groups for HEV is evidently present (2,13,31). However, 
the reason of age prevalence in swine HEV infection has 
never been elucidated. Based on the viremic patterns, sero- 
logical changes and shedding of the virus in feces, it is 
conjectured that susceptibility of swine and infectivity of 
the virus would be closely dependent on the swine ages. 
Further experimental studies need to demonstrate the rela- 
tionship between the age and pathogenesis of swine HEV. 
The detection rates of swine HEV RNA were much higher 
in stool samples than those in serum samples. These data 
indicate that more HEV particles are present in feces than 
serum, and some of the pigs and human examined were at 
the viremic phase. We have tentatively classified the pig 
farms into 3 groups by bleeding conditions, and the preva- 
lence of HEV RNA was analyzed. It was found that the 
farms with better bleeding condition showed the lower pre- 
valence of HEV (data not shown). We suppose that this 
observation may support that the hygienic measures in 
swine farm would be important to prevent the transmission 
of HEV. 

Cross-species infection of HEV has been documented 
and evidence that hepatitis E is a zoonosis is accumulating 
(9,12,14,15,17). In this study, the sequences of KorHEV-1 
against SWKB-5S, and those of SWKB-3S, SWKB-4S and 
SWKT-2F against KorHEV-2 showed almost 100% identity. 
These results indicate that swine HEV could be infected 
over interspecies between swine and human in Korea. The 
phylogenetic analysis revealed that all of 16 swine HEV 
isolates from this study clustered in the same group with 
the KorHEV-1 and KorHEV-2 strain from human, but were 
distinct from the Taiwanese swine HEV and most strains of 
human HEV from other countries. These data indicate that, 
as with human HEV strains, swine HEV strains from di- 
fferent geographic regions of the world are also genetically 
heterogenic. 

A prototype swine HEV strain of genotype III isolated in 
the United States showed nucleotide sequence identity of 

91.8% to a human HEV strain of US origin (US2) over the 
entire genome (16,24). Recently, Japanese isolates of swine 
and human HEV classified into genotype IV HEV (swJ13-1 
and HE-JA1, respectively) were reported closely related 
with 99.0% identity over the entire genome. On the amino 
acid sequence level, swJ13-1 and HE-JA1 shared 99.8%, 
100% and 100% identities in ORFs 1, 2 and 3, respectively, 
indicating that swJ13-1 and HE-JA1 express a capsid protein 
with an identical amino acid sequence and that they are 
antigenically indistinguishable from each other (8,24,25). 
Similarly, Taiwan, China and European swine isolates were 
closely related with human HEV strain. These reports sug- 
gest that, in particular geographical regions, the HEV strains 
isolated from pigs and humans are genetically closely rela- 
ted. 

In comparison of the nucleotide sequence between 16 
swine HEV and 2 human HEV isolates, the range of iden- 
tities was 92.3% to 100%. In comparison with the human 
strains, the sequences of KorHEV-2, and SWKB-3S, SWKB-
4S and SWKT-2F from pig also showed 99.4 to 100% 
identity as same as the sequence of KorHEV-1 from human 
versus SWKB-5F from pig. These findings support the hy- 
pothesis that swine HEV isolates may act as zoonotic agents 
in Korea. The facts that the swine strain showed the highest 
similarity with a human strain isolated in the same country 
implicate that zoonotic infection of HEV between humans 
and pigs occurs. In this study it was evident that 18 HEV 
isolates comprising 16 swine HEV and 2 human HEV were 
grouped into genotype III by phylogenetic tree analysis and 
were closely related to the swine and human HEV isolates 
identified in the United States, Japan and Netherland. 

Recently, xenotransplantation has become the focus of 
intensive research for a solution to the shortage of organ 
donors for transplantations (12,30). Swine are relatively easy 
to breed and maintain; therefore, xenotransplantation with 
pig organs has received considerable attention. However, 
xenozoonoses, the transmission of pathogens from pigs to 
human recipients, is of major concern in xenotransplanta- 
tion using pigs as donor animal (12,28). Elimination of the 
zoonotic agents from the pigs is considered as a critical 
subject for transplantation of pig organs to humans. 

Our results suggest that the swine HEV is widely distri- 
buted in the commercial swine herds in Korea and some 
pigs and human are viremic state of hepatitis E virus. The 
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swine HEV may have the ability to cross species barriers to 
infect humans. Therefore, it needs to raise further public 
health concerns for HEV zoonosis not only for xenotrans- 
plantation studies but also for control of human hepatitis E 
virus infection. 
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