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aBsTRACT. Hepatitis E virus (HEV) is known as a causative agent of zoonosis and food poisoning. Pigs and some species of wild animals,
including wild boar, are known to be a reservoir of HEV. In this study, we investigated the situation regarding HEV infection in wild boars
in Ibaraki Prefecture, Japan. Serum, liver and feces samples from 68 animals were collected, and the presence or absence of HEV genomic
RNA and HEV antibodies were analyzed. The viral genome was detected in samples from 7 (10.3%) animals, with all HEVs classified as
genotype 3, subtype 3b. HEV antibodies were detected in samples from 28 (41%) animals. This report demonstrates for the first time the
high prevalence of HEV infection in wild boars in Ibaraki Prefecture.
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Hepatitis E virus (HEV) is a small, non-enveloped virus
with a single stranded, positive sense RNA genome that is
approximately 7.2 kb in size [4, 13]. HEV is transmitted
mainly via a fecal-oral route and is the causative agent of
hepatitis E, which is an important public health disease in
many developing countries [21]. HEV infection in devel-
oping countries is mostly a waterborne disease associated
with large epidemics due to the contamination of water and
water supplies as well as to poor sanitary conditions [2,
14]. In contrast, in industrialized countries, including many
European countries, the U.S.A. and Japan, acute hepatitis
E occurs sporadically, and the contamination pathways
are still not fully understood [14]. In Japan, four cases of
hepatitis E have been linked directly to the consumption of
raw deer meat [17], and several cases of acute hepatitis E
have been epidemiologically linked to the consumption of
undercooked pork liver or wild boar meat [8, 10, 20]. These
cases provide convincing evidence of zoonotic food-borne
HEYV transmission.

At least four HEV genotypes are known to exist among
infections in humans [9]. Most stocks separated in Asia,
including Myanmar, are genotype 1 (G1), while the Mexican
stocks, which caused a widespread infection in Mexico in
the 1990s, are genotype 2 (G2). Genotypes 3 (G3) and 4
(G4) were separated from a scattering of cases in the U.S.A.
and China late in the 1990s, respectively. Unlike HEV Gl
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and G2, HEV G3 and G4 infect not only humans but also
animals, such as the wild boar and pig [11, 18]. HEV strains
obtained from humans and animals in Japan generally be-
long to G3 or G4, and HEV G3 strains indigenous to Japan
have been provisionally classified into three sub-genotypes:
3b (3jp), 3a (3us) and 3e (3sp), where “jp” stands for Japan
type, “us” for US type and “sp” for Spanish (European) type
[12]. In this study, we investigated the HEV infection status
in wild boars in three areas of Ibaraki Prefecture, Japan.
Serum, liver and feces samples were extracted from a total
of 68 wild boars culled as part of a noxious animal exter-
mination program in three areas of Ibaraki Prefecture from
December 2013 to March 2014.

Blood samples were centrifuged at 1,500 g for 10 min to
separate the serum. Liver and fecal samples were suspended
in phosphate-buffered saline at 1:10 (weight/volume) and
then homogenized. The supernatant fluids were then clari-
fied by centrifugation at 10,000 g for 10 min. Virus nucleic
acid was extracted using a QIAamp viral RNA mini kit
(QIAGEN, Hilden, Germany), treated with 10 U of DNa-
sel (Takara, Kyoto, Japan) and reverse transcribed using
PrimeScript RT Master Mix (Takara). HEV genotypes were
classified based on ORF2 sequences as the ORF2 region is
well conserved across all four genotypes [12]. The resulting
cDNA samples were amplified by real-time PCR using the
gene-specific primers [7]. For genotyping for HEV classifi-
cation, a 378-bp segment of the capsid domain in ORF2 was
amplified using a PrimeScript II High Fidelity One Step RT-
PCR kit (Takara) and subjected to sequence determination
using a BigDye Terminator v3.1 Cycle Sequencing Kit (Ap-
plied Biosystems, Foster City, CA, U.S.A.) as described pre-
viously [16]. A phylogenetic tree was constructed according
to the neighbor-joining method with 1,000 bootstrap analy-
ses using MEGAG6 software (http://www.megasoftware.net).
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Moreover, sera were used for antibody test to detect IgM and
IgG [19]. The OD cutoff values were set at 0.25 and 0.15 for
IgG and IgM, respectively.

Ibaraki Prefecture is located in the southeast of Japan
and is partly mountainous in nature (Fig. 1). Table 1 shows
the results of real-time PCR and conventional PCR and
ELISA tests. The positive rate for HEV RNA in area A was
23.53% (4/17), and the antibody-positive rate was 58.82%
(10/17), which were the highest among the three areas. The
positive rate for HEV RNA in area B was 0% (0/23), and
the antibody-positive rate was 8.69% (2/23). The positive
rate for HEV RNA in area C was 10.71% (3/28), and the
antibody-positive rate was 57.14% (16/28).

HEV RNA could be amplified from 7 of the 68 samples
tested (10.3%). PCR products obtained from the HEV-
positive wild boars were subjected to direct sequencing
and genotyping. We found 35 polymorphic nucleotides in
ORF2 (Table 2). Almost all of polymorphisms were silent
mutations. Interestingly, intrahost sequence diversity was
found in two boars (A-10 and C-2). In particular, missense
substitutions (G6107A and S325N) were found in a serum
sample from C-2. Several studies have suggested the exis-
tence of intrahost quasi-species in both humans and pigs [3,
5]. Potential PCR bias due to low template concentrations
might also play a part in the heterogeneous target popula-
tion. Although this study did not determine coinfection or
quasi-species, further studies should take these phenomena
into account.

Phylogenetic tree analysis revealed that all of the HEV
strains detected in this study could be classified as G3,
subgenotype3b (3jp) and were grouped into two clusters;
one group consisting of isolates from area A and the second
group consisting of those from area C (Fig. 2). The samples
from the wild boars taken from the same mountain were
classified into the same cluster. It is suggesting that different
HEV strains were circulating in the two separate areas (A
and C).

The PCR and IgG ELISA positive rates for areas A and C
were higher than those for areca B. Area A was located in the
center, B in the north and C in the south of Ibaraki Prefecture
(Fig. 1). The distance between A and B was approximately
15 km, that between A and C was over 40 km, and B and
C were even more separated. It has been reported that the
range of a wild boar is about 10 km in general, with some
individuals ranging over as much as 50 km [15]. However,
we speculate that there would be no traffic between the wild
boars in each area as two rivers divided the three areas. Thus,
genetic similarity and infection rate depended on distinct
geographic area.

HEV replicates in liver cells, and virions are secreted
into the intestinal lumen via the bile duct and subsequently
excreted within the feces. Thus, we tried to detect HEV RNA
from the liver and feces. In the case of humans, IgM anti-
HEYV antibodies can be detected during the first few months
after HEV infection, while anti-HEV IgG usually persists
for many years after infection. The presence of HEV RNA
indicates current infection, whether acute or chronic [1]. In
this study, the virus was detected from four individuals in
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Fig. 1. Map of Prefecture Ibaraki, Japan. Showing the locations
in which the wild boars were captured. (Areas A, B and C)

area A and three individuals in area C, and all had higher
IgG antibody values and lower IgM antibody values. In con-
trast, three boars (C-3, C-8 and C-11) showed higher (>0.3)
anti-HEV IgM antibodies. These phenomena suggested that
IgM was induced by infection with low amounts of virus
and that the virus was soon lost. The amount of virus in the
body depends on the level of viral exposure and the timing
of capture. HEV was also detected from the individuals with
high anti-HEV IgG titers, we speculated re-infection.

Although Ibaraki Prefecture has been working on mea-
sures for the extermination of wild boars, crop damage still
occurs and some expansion of their habitat and area of dam-
age has been observed [6]. It is expected that HEV is pres-
ent in the liver, feces and serum of wild boars in the HEV-
contaminated areas, and the results of this study demonstrate
that careful handling of animals is required. Currently, each
municipality in Ibaraki Prefecture entrusts the extermination
of noxious animals to hunting companies. Thus, it is highly
possible that wild boars are a source of HEV infection in
humans. A nationwide campaign prohibiting the consump-
tion of uncooked liver and meat containing blood from wild
boars should be implemented to prevent HEV infection in
humans. It is very important not only for hunting club mem-
bers but also general residents to thoroughly understand the
precautions to be taken when handling of wild animals and
their products in order to avoid viral infection.
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Table 1. Detection of HEV RNA and antibodies against HEV in the results of real-time PCR, conventional PCR and antibody tests
qPCR PCR ELISA
Area No. - -
Serum Liver Feces Serum Liver Feces 1gG IgM
1 - - - - - - +(2.752) -
3 + + — + + - +(2.785) -
4 + + 4 4 4 & +(3.642) -
7 + + NT + + NT +(3.596) -
10 — + + + - + +(3.644) -
A 1 - - - - - - +(2.777) -
12 - - - - - - +(0.25) -
14 _ _ — — — — +(2902) -
16 _ _ _ _ - - +(0.26) -
17 - - - - - - +(0.847) -
Other 7 boars - - - - - - — _
2 - - - - - - +(0.395) +(0.203)
12 - - NT - - NT - _
B 22 - - - - - — +(0.581) -
Other 20 boars - - - - — - - _
1 - - - - - - +(1.377) -
2 A + + + 3 4 +(3.163) _
3 _ _ _ — - - +(1.007) +(0.438)
4 - - - - - — +(0.26) -
5 - - - - — - +(2.29) _
6 - + - A - - +(3.636) +(0.191)
8 - - - - - - +(0.913) +(0.523)
10 - - - - - - +(3.475) -
C 11 _ _ _ - - - +(1.174) +(0.319)
12 - - - - - - +(0.35) +(0.203)
13 _ _ _ _ _ - +(1.21) -
18 _ _ _ _ - — +(3.608) +(0.146)
19 - + - - - + +(1.597) -
22 - - - - - - +(1.866) -
24 - - - - - - +(0.4) -
28 _ _ _ - - - +(0.499) +(0.225)

Other 12 boars

Serum, liver and feces samples were used for the genetic tests and serum samples for the antibody test. (+) represents; detected,
(—); not detected and NT; not tested as samples were not available. Number in anti-body test results indicated ELISA titers. Results
obtained from the 3 areas in which the wild boars were captured are shown separately, A, B and C.

Table 2. Comparison of the nucleotide sequences of HEV detection in this study
Nucleotide position (bp)

vl sampio[ 5 3 351 3 35 8 ¢ € e e e € ele e e et e e e s e e e s
6 6(7/7 7/8 99 1 122346 8900024556801 2233456
1/7/0/36/2 17 2824323 1/3 5786 16956 792517724

A | Serum ACCCTACCCCCGCAGCTACGCATCTGAAGGGTTTTT

Liver [ACCCTACGCCCCCGCACTACGCATCTGAAGGGTTTTT
Serum [A/CCCTACCCCCGCACTAGCGCATICTGAAGGGTTTTT
A-4 Liver [ACCCTACCCCCGCACTACGCATCTGAAGGGTTTTT
Feces  ACCCTACCCCCGCACTACGCATCTGAAGGGTTTTT
A7 Serum |A|/C/C/C T ACCCCCGCACTACGCATCTGAAGGGTTTTT
Liver [ ACCCTACGCCCCCGCACTACGCATCTGAAGGGTTTTT
A0 Serum |G C/C/C T ACCCTCGCACTACGCATCTGAAGGGTTTTT
Feces |G T C/C TACICCTCGCACTACGCATCTGAAGGGTTTTC
Seum [A T T TCCTTTTTATTTCGTATGCCCTGGTAGAGTCT
C-2 Liver |JAT TTCCTTTTTATTTCGTGTGCCCTGGTAGACCCT
Feces ATTTCCTTTTTATTTCGTGTGCCCTGGTAGACCCT

C6 |Serum | AT TTCCTTTTTATTTCGTGTGCCCTGGTAGACCCT

C-19 | Feces ATTTCCTTTTTGTTTCGTGTGC\TCTGGTAWACT‘CT

Sequence variations were colored gray. Sequence data were deposited in GenBank under accession number D10330.
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HEV-A-7Serum
HEV-A-7Liver
HEV-A-4Liver
HEV-A-4Serum
HEV-A-4Feces
HEV-A-3Serum
HEV-A-3Liver
HEV-A-10Serum
HEV-A-10Feces
HEV-C-19Feces
HEV-C-2Serum
HEV-C-2Feces
HEV-C-2Liver
HEV-C-6Serum
gi|145859849|dbj|AB288364.1.seq
Gt3:Japan:2003:Cer sp:AB189071.seq
Gt3:Japan:1993:Horm sap:AB089824.seq
Gt3:Japan:2008:Her jav:AB591734.seq
Gt3:Japan:2001:Sus sp:Ab443624.seq
Gt3:Japan:2004:Horm sap:AB291956.seq
Gt3:Germany:2007:Sus scr:FJ705359.seq
Gt3:Germany:2007:Sus scr:FJ998008.seq
Gt3:Spain:2008:Sus sus:EU723512.seq
Gt3:Thai:2006:Sus sp:EU375463.seq

100 Gt3:Japan:2004:Horm sap:AB24852.seq
Gt3:Japan:2005:Horm sap:AB291958.seq
Gt3:Japan:2004:Sus sus:AB248521.seq
Gt3:Japan:2004:Sus sus:AB248522.seq
Rabbit:China:FJ906895.seq
Rabbit:China:2009:FJ906896.seq
Rabbit:China:2009:GU937805.seq
wbJOY 06:2006:Sus scr:AB602441.seq
Gt1:India:1989:Horm sap:AF459438.seq
Gt1:India:2000:Horm sap:DQ459342.seq
Gt1:Myanmar:1991:Horm sap:D10330.seq
Gt1:China:1987:Horm sap:D11092.seq
Gt1:China:1987:Horm sap:L08816.seq
Gt1:Morocco:Horm sap:AY230202.seq

A area

C area

Genotype 3

Genotype 1

Gtd:China:Horm sap:AJ272108.seq
Gtda:Japan:2009:Sus sp:GU119960.seq
Gt4:Japan:2007:Horm sap:AB521805.seq
Gt4:Japan:2002:Horm sap:AB220974.seq
Gt4:Japan:2002:Horm sap:AB480425.seq
Gt4:Japan:1997:Horm sap:AB097812.seq

100' Gtd:Japan:2002:Sus sp:Ab097811.seq
Rat:R63:DEU:2009:GU345042.seq

r Ferret:FRHEV4:JN998606.seq
100 - Ferret FRHEV20:JN998607.seq

Gt2:Mexico:1992:Horm sap:M74506.seq I Genotype 2

Genotype 4

(B)
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HEV-C-2Liver
HEV-C-6Serum
HEV-C-2Feces
HEV-C-2Serum
HEV-C-19Feces
AB291963(JRM-Toy05C).seq
AB246676(HEVN1).seq
AB481229(swJR-P5).seq
AB824705(swJLMie069).seq
ABB824693(HE-JA11-0975-ORF2).seq
AB824702(swJLMie021-ORF2).seq
AB222182(wbJSG1).seq
AB824707(swJLMie162-ORF2).seq
AB222183(wbJTS1).seq
AB591733(JMNG26-0ki08).seq
AB236320(JMNG-Oki02C).seq
AB301710(JE03-1760F).seq
AB091394(JJT-Kan).seq
AB369691(E097-OSA05C).seq
AB189070(BOAR1-Hyo04).seq
AP003430(JRA1).seq
gi|145859849|dbj|AB288364.1.seq
ABB70120(HE-JA05-0753).seq
ABO073912(swJ570).seq
HEV-A-10Feces
HEV-A-10Serum
HEV-A-3Serum
HEV-A-3Liver
HEV-A-4Feces
HEV-A-4Serum
HEV-A-4Liver
HEV-A-7Serum
HEV-A-7Liver
AB291962(JHK-Toy04C).seq
AB222184(wbJYG1).seq
AB824708(swJLMie193-ORF2).seq
” AB443623(JI0-swJ19-1).seq
% AB824701(swJLMie012-ORF2).seq
AB824709(swJLMie204).seq
AB824704(swJLMie047-ORF2).seq
AB369689(E088-STMO4C).seq
AF060669(HEV-US2).seq
AB481228(swJB-M8).seq
AB591734(JMNG36-0Oki08).seq
AB824711(swJLMie220).seq
AB089824(HE-JA10).seq
AB074920(JMY-Haw).seq
91 AB074918(JKN-Sap).seq
AB291961(JMH-Osa04C).seq
AB369687(E116-YKHO8C).seq
AB248521(swJ8-5).seq
AB248522(swJ12-4).seq
AB094216(swJ5-1).seq
AB795981(HE-JA11-1701).seq
4 - ABB824697(HE-JA12-0546 ORF2).seq
ABB824698(HE-JA12-0647-ORF2).seq
AB780450(JBOAR100-Mie10).seq
AB073911(swJ791).seq
ABB70124(HE-JA11-0494).seq
AB607892(HE-JA10-0841).seq
62— ABB824695(HE-JA12-0394.0RF2).seq
Gt4:Japan:1997:Horm-sap:AB097812.seq

C area

3b(3jp)

A area

3a(3us)

3e(3sp)

Phylogenetic tree constructed on the basis of partial sequences of the HEV capsid gene. (A) Genotyping of detected HEV strains. The tree
was constructed with reference sequences of HEV genotypes using the neighbor-joining method. The scale bar represents 0.05 nucleotide sub-

stitutions per position. (B) Subtyping of detected HEV strains. The tree was constructed with reference sequences of HEV three subgenotypes
of G3 with reference sequences of G3 and an outgroup isolate of G4 using the neighbor-joining method. Indigenous Japanese G3 isolates are
divided into three subgenotypes: 3a, 3b and 3e. The scale bar represents 0.02 nucleotide substitutions per position.
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