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Abstract: HEV infections in human and pigs have been reported in many countries; however, the precise distribution and
multiplication of this virus in the host remains poorly understood. In this study, we examined the distribution and multi-
plication of HEV genotype 3 in two piglets at the early phase of intravenous infection, and also examined the virus distri-
bution in a naturally infected pig. We developed real-time RT-PCR to determine copy numbers of the HEV genome in the
sera, feces and organs. HEV-RNA was detected in serum from a pig transiently for 7 days post-inoculation (dpi). The
HEV copy numbers in the feces appearing 7 dpi were increased to 3.4x10° copies/g at 14 dpi. In contrast, the higher copy
numbers of HEV were widely distributed in the tissue organs from naturally HEV-infected pig. The study showed that in-
travenously inoculated HEV was distributed in several restricted tissues, such as in the liver and intestine.
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INTRODUCTION

Hepatitis E virus (HEV) is a small, non-enveloped virus,
belonging to the Hepeviridae family [1]. The HEV genome
is a single-stranded positive-sense RNA with approximately
7.2 kb, containing a short 5’ noncoding region (NCR), three
open reading frames (ORF1, ORF2 and ORF3), a short 3’
NCR and a poly (A) tract [2]. Four different genotypes of
HEV have been identified and such genotypes are distributed
geographically. Epidemiological studies have reported that
swine and human HEV from the US (genotype 3), Taiwan
(genotype 4) and Japan (types 3 and 4) were identified as a
similar genotype [3-5]. Two different HEV genotypes, 3 and
4, have been isolated from humans and pigs in Japan [6-10].
These virus infections induced hepatitis in humans who had
eaten raw or undercooked wild deer, boar or pig livers [11-
16]. In addition, transfusion-transmitted HEV has been re-
ported in several countries, including Japan [17-19], and
retrospective and prospective studies have confirmed HEV
infection in patients [20]. Epidemiological study among pa-
tients undergoing blood transfusion or hemodialysis patients
showed the presence of HEV-RNA [8, 21]. These circum-
stances imply the possibility of iatrogenic transmission of
HEV through contaminated blood transfusion; however, the
precise distribution and proliferation of HEV in patients re-
mains poorly understood. Naturally and experimental infec-
tion of HEV genotypes 1, 3 and 4 in Pigs have been reported
in several countries, including Japan [22-27]. However, there
is no experimental animal model to understand the distribu-
tion and multiplication of this virus. Therefore, a pig is the
best animal model for the experimental infection of HEV. In
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this study, we focus on the distribution and proliferation of
HEYV in pigs in the early phase of intravenous infection.

MATERIALS AND METHODS
Viruses

The swine HEV (genotype 3 jp, 10° copies per ml) used
in this study was kindly provided by Dr. Tsunemitsu (Na-
tional Institute of Animal Health, Japan). The HEV inoculum
was serum derived from swine experimentally infected with
HEV.

Animals

For the experimental infection of HEV (genotype 3), 2
large, white, specific pathogen-free (SPF) pigs, 7 and 10
weeks old (Pigs A and B), were reared at the experimental
facility, in accordance with biosafety level 2, for a week be-
fore experiment. The pigs were inoculated intravenously
(i.v.) with 10° copies of HEV-RNA. Serum and feces from
each pig were collected at 4, 7, 11, 14 and 18 days post-
inoculation (dpi), respectively. The pigs were necropsied at
18 dpi. Seventeen different tissues and organs were collected
from each animal including the liver, mesenteric and hepatic
lymph nodes, gallbladder, small intestine, cecum, colon, rec-
tum, spleen, heart, lung, kidney, and skeletal muscle. Sam-
ples of tissues and organs were treated with RNAlater
(Qiagen GmbH, Hilden, Germany) and frozen at -80°C until
used for PCR analysis. The liver samples were immediately
fixed with ice-cold 4% paraformaldehyde for histopathologi-
cal study. As a control, an age-matched SPF pig (Pig D) was
also necropsied to examine for HEV-RNA according the
methods described above. To compare virus distribution in
pigs naturally infected with HEV (genotype 3), a 14-week-
old mixbred pig (Pig C) was necropsied, and the tissues
samples were collected as described above. The tissue sam-
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ples were examined for HEV-RNA and histopathology as
described above. All animals were treated according to the
Laboratory Animal Control Guidelines at Rakuno Gakuen
University.

RNA Extraction

Total RNA was extracted from 50 mg of tissue using
TRIzol reagents (Invitrogen) and resuspended in 2 pl of
RNase-free water per 1 mg of tissue. Total RNA in 1 ml se-
rum was extracted with MagNA Pure LC Instrument (Roche
Diagnostics) using MagNA LC Total Nucleic Acid Isolation
Kit-Large Volume (Roche Diagnostics). Purified nucleic
acid was eluted in 50 pl of elution buffer. Viral RNA from
stool and intestinal contents was isolated as follows: 50 mg
of the contents was suspended in 500 pl of PBS. The suspen-
sion was centrifuged for 10 min at 13000 g and the super-
natant was filtrated using a 0.22 pm filter. Viral RNA was
extracted from 140 pl of the filtrate using QIAamp Viral
RNA Mini Kit (Qiagen) and resuspended in 50 pl of RNase-
free water.

Nested RT-PCR

RT-PCR of the ORF1 region was performed by OneStep
RT-PCR kit (Qiagen) in a 50 pl reaction using 30 pmoles of
outer primers, 10 pl 5 x buffer, 2 pl 10 mM dNTP, 40 U
RNase inhibitor, 2 pl (tissue) or 5 pl (intestinal contents)
purified RNA and 2 pl Enzyme Mix. RT-PCR reaction was
carried out at 50°C for 30 min, at 95°C for 15 min, and 45
cycles [95°C for 15 sec, 60°C for 30 sec, and 72°C for 30
sec]. Second-round reactions were carried out using TaKaRa
Ex. Taq (Takara Bio) in 50 pl volumes with 1 pl first-round
product, 10 pmol of inner primers, 5 pl 10xBuffer, 4 ul 2.5
mM dNTP, 2.5 U TaKaRa Ex Taq. Second-round amplifica-
tion was carried out at 95°C for 2 min and 10 cycles [94°C
for 15sec, 60°C for 30 sec, and 72°C for 15 sec]. The inocu-
lated HEV strain-specific primers were used to detect ORF1
of samples of Pigs A and B. These primers were as follows:
primer F (119-218 : 5’-CCCTGAGGTACTTTGGAATC-3’)
and primer R (358-341 : 5’-AACTGGTCTGAGGAAGCA-
3’) for first-round PCR and primer HE75 (219-239 : 5°-
ATCCTATCCAGCGGGTTATAC) and primer HE76 (342-
324 : 5’-CACCGATGCAGAACATTGG-3") for second-
round PCR (nucleotide positions corresponded to those of
the swJ570 strain) [7]. Broadly reactive primers were used to
detect ORF1 in samples from Pig C. These primers were:
primer HE61 (7-31: 5’-CACRTATGTGGTCGAYGCCA
TGGAG-3’; R:A/G, Y:T/C) and primer HE51 (131-111: 5°-
GCCKRACYACCACAGCATTCG-3’; K:T/G, R:A/G, Y:
T/C) for first-round PCR and primer HES0 (47-66 5°-
AAGGCTCCTGGCRTYACWAC-3" R:A/G, Y:T/C, W:
A/T) and primer HES1 for second-round PCR. PCR products
were electrophoresed in 2% agarose gel. Amplified cDNA
(124 bp for Pigs A and B; 85 bp for Pig C) was stained by
ethidium bromide (0.5 pg/ml) and visualized under UV illu-
mination.

Quantitative RT-PCR

All representative samples of sera, feces and tissues were
subjected to quantitative real-time RT-PCR. A standard
curve for quantification of the swine HEV genome was gen-
erated using an in vitro swine HEV ORF1 ¢cDNA plasmid. In
vitro-transcribed RNA was quantitatively measured with a
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spectrophotometer. Serial 10-fold dilutions from 10° to 107
copies were made and subjected to quantitative PCR. All
representative samples were tested using LC RNA Amplifi-
cation Kit Hybridization Probes (Roche Diagnostics) on the
FRET protocol (Roche Diagnostics). The inoculated HEV
strain-specific primers and probes used to detect ORF1 of
samples of Pigs A and B were primer F, primer R, Probe Flu
(281-307: 5-TGTCTGGAGGTTGGAGCTCACCCGAGA-
FITC-3") and Probe LC (309-339 : 5°’-LCRed640-CTATTA
ATGACAACCCCAATGTTCTGCATCG-3’). The detection
limit of this assay system was 10° copies/reaction for tissues
and 10" copies/reaction for virus extracts of stool or intes-
tinal contents. The primers and probes specific to the HEV
strain in Pig C were primer F2 (142-161: 5’-TCGTGTACAA
ACCGAGATTC-3’), primer R2 (267-249 ¢ 5’-GCCCGG
CAATATTGTTCTA-3), Probe Flu2 (172-196 : 5’-GATGC
AACCCCGGCAGTTGGTTTTC-FITC-3") and Probe LC2
(198-227: 5°-LCRed640-GCCCTGAGGTACTCTGGAATC
ATCCTATCC-3").

Serum Examination

Antibodies to HEV (IgG and IgM) were assayed by en-
zyme-linked immunosorbent assay (ELISA) using a com-
mercially available kit (Viragent HEV-Ab kit; Cosmic Cor-
poration, Tokyo, Japan). Peroxidase conjugated anti-pig IgG
or anti-pig IgM (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, Maryland, USA) were applied to detect anti-
gen-bound pig immunoglobulin. The levels of liver cyto-
plasmic enzyme, alanine aminotransferase (ALT), in sera
from pigs were monitored during the experiment.

RESULTS

One of the pigs (Pig B) infected with HEV showed tran-
sient viremia after infection. HEV-RNA was detected tran-
siently in the serum on day 7 after infection and viremia was
observed only in pig B at 7 and 11 days after infection (dpi);
however, we failed to detect HEV-RNA in serum from an-
other pig (Pig A). The copy number of HEV-RNA in serum
was less than 10 per ml at 7 dpi. Thereafter, HEV disap-
peared from the serum and could not be detected during the
experiment. Interestingly, HEV-RNAs were first detected in
the feces of both pigs on 7 dpi. In contrast to HEV in serum,
the copy number of HEV-RNA increased from 10° per gram
at 7 dpi to 3.4 x 10° per gram at 14 dpi and thereafter, copy
numbers of HEV-RNA slightly decreased, but remained at
more than 10* per gram during the observation period (Fig.
1).

HEV-infected pigs A showed slight increase in hepatic
function marker values, but they did not show clinical symp-
toms during the observation period (Fig. 1B). The levels of
ALT were between 28 and 47 (IU/]) in Pigs A and B, and 27
IU/1 in Pig C. However, histological examination showed
that the small diffuse lymphocyte infiltrations in liver were
observed in all the HEV infected pigs (Fig. 2). The differ-
ence of the degree of cellular infiltration caused by a HEV
infection was not recognized in the individual pigs. The de-
tection of HEV antibodies were examined by ELISA. The
pigs seroconverted simultaneously for both anti-HEV IgM
and -IgG at 18 dpi (Fig. 1C). The patterns of increased anti-
body titer differed between pigs. Anti-HEV IgM levels in
Pig A were lower than in Pig B at 18 dpi (Fig. 1C). ELISA
values in the serum from HEV-negative pigs were less than
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0.1 at OD 450 nm. The ELISA OD value at 450 nm in the
naturally infected Pig C was 0.55 for anti-HEV IgG and 0.18
for anti-HEV IgM.
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Fig. (1). Experimental inoculation of pigs with HEV. Two pigs
(pigs A and B); at 7 and 10 week-old, respectively, were intrave-
nously inoculated with 10° copies of genotype 3 HEV. (A) Detec-
tion of HEV-RNA in serum and feces from infected pigs. Copy
numbers of HEV-RNAs in the feces from HEV-infected pigs are
shown. Detection of HEV-RNASs in serum samples is shown by (+)
on days after infection. (B) Serum ALT in HEV-infected pigs. Pigs
A and B were monitored for hepatic function. Changes of ALT
levels in serum from HEV-infected pigs were monitored during the
observation period. (C) ELISA OD values at 450 nm of anti-HEV
1gG and IgM in serum from HEV-infected pigs.

To clarify the distribution of HEV-RNA in pigs, tissues
samples and intestinal contents from the HEV-infected pigs
were applied for RT-PCR. HEV-RNAs were successfully
amplified in the liver (including hepatic lymph nodes), small
intestine and large intestine (Table 1). In Pig A, HEV-RNA
was detected in the liver (right and left lobe), cholecysis and
colon. The virus was also distributed in the liver and large
intestine (ileum and cecum) in Pig B. Interestingly, HEV-
RNA was widely distributed in the naturally HEV-infected
pig (Pig C). HEV-RNAs were amplified in the liver, chole-
cysis, duodenum, jejunoileal region of the small and large
intestine (cecum, colon and rectum). Next, the virus loads
were evaluated between experimentally infected pigs and the
naturally infected pig (Table 2). The copy numbers of HEV-
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RNA in the liver, cholecysis, bile and feces were quantified
by real-time RT-PCR. Intravenously infected pigs (Pigs A
and B) showed 5.46 and 4.3 log copies/g in the liver, respec-
tively, which was lower than in the naturally infected Pig C
(6.49 log copies/g). HEV-RNA levels in cholecysis differed
in Pig A (4.3 log copies/g), Pig B (3.9 log copies/g) and Pig
C (6.57 log copies/g). Virus RNA was detected in bile from
all pigs, and HEV copy numbers in bile from Pigs A and B
were 4.23 and 3.92 (log copies/ml), respectively, but Pig C
showed 6.56 log copies/ml. Feces contained higher copy
numbers of HEV-RNA at 18 dpi. The copy numbers were
4.43 and 5.52 (log copies/g) in Pigs A and B, respectively,
and 7.06 log copies/g in Pig C. We also compared the copy
numbers of HEV-RNA in intestinal contents from the
cecum, colon and rectum in pigs. The copy numbers of
HEV-RNA in intestinal contents from Pig C (7.06-7.12 log
copies/g) were higher than in Pigs A or B (3.85-5.52 log
copies/g) (Table 2).

Histological analysis of liver sections, tissue samples from HEV-
infected pigs were fixed in 20% formaldehyde and embedded in
paraffin. The tissue sections were stained with hematoxylin and
eosin (HE), and then examined under a light microscope. HEV
uninfected control pig D is shown in Panel A. HE staining of liver
from the pig A and C infected with HEV genotype 3 are shown in
Panels B and C.

DISCUSSION

We examined the distribution and proliferation of HEV
in pigs after transmission via intravenous inoculation. HEV-
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Tablel.
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Distribution of HEV-RNA in HEV-Infected Pigs by RT-PCR Analysis’

Animals

Tissues A
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Left lateral lobe —

Left medial lobe

Right lateral lobe

Choledochus

+
+
Right medial lobe +
+
+

Duodenum

Jejunum —

lleum —

Cecum -

Colon +

Rectum -

el e T A A A o e I o I
|

Heart -

Kidney

Muscle —

Spleen —

Hepatic lymph node +

Intestinal lymph node —

'Pigs A and B were intravenously inoculated, while Pig C was naturally HEV-infected. Pig D is an uninfected control. NT, not tested.

Table2. Copy Numbers of HEV in Tissues and Intestinal Contents from HEV-Infected Pigs by Real-Time RT-PCR
Samples Pig* A B C
Liver 54 43 6.49
Choledochus 43 3.9 6.57
Bile 4.23 3.92 6.56
Intestinal contents
Cecum 3.85 3.85 7.06
Colon 443 5.29 7.12
Feces 4.43 5.52 7.06

'Pigs A and B were intravenously inoculated and data at 18 dpi are shown in this table. Pig C was naturally HEV-infected. Data show log copies/g or ml.

RNA was observed only transiently in intravenously inocu-
lated pig A at 7-11 dpi at low copy numbers (less than 1000
copies/ml), although it was not a mutual observation in all
inoculated pigs during the observation period [27]. On the
other hand, considerably high copy numbers of HEV-RNAs
were detected in the feces from HEV-infected pigs. Al-
though it takes for a week incubation period to detect the
HEV genome in fecal samples, two of the pigs showed high
copy numbers during the observation period. Thus, a stool
sample is a better choice for detection of the HEV genome

than serum samples. Detection of antibodies against HEV in
experimentally infected pigs have been examined elsewhere
[27, 28]. In this experiment, IgM and IgG were first detected
at 18 dpi. Interestingly, there was no great difference in the
time points of seroconversion between anti-HEV 1gG and
IgM after HEV infection in both pigs.

HEV was detected in the liver, bile, ileum, cecum, colon,
rectal and in intestinal contents; however, we could not de-
tect HEV-RNA in the spleen, muscles, kidney and heart.
These results imply that virus replication was limited to re-
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stricted organ regions. The distribution of HEV-RNA in the
intestinal tract was not identical in individual pigs (A and B).
HEV was detected in the colon in Pig A, but not in Pig B.
Illeum and cecum were HEV-RNA-positive regions in Pig B.
The copy numbers of HEV-RNA in the intestinal tract were
lower than 1000 copies/g. It remains to be clarified whether
the virus distributes in all regions of the intestinal tract ac-
cording to the progression of HEV infection. In pig C, HEV-
RNAs were detected in all the intestinal tissues and its con-
tents. This pig was reared in a pen with another 10 of same
aged pigs which were all infected with HEV. And those pigs
were shedding high titer of HEV in the feces. It is possible to
infect with HEV via the fecal-oral route continuously. This
circumstance may be affected with the copies number of
HEV-RNA in the tissues from pig A and B. The route of
HEV infection and dose of the virus may affect virus distri-
bution and replication rates in individual pigs. The low copy
numbers of HEV distribution seem to be one reason affect-
ing PCR results. Virus shedding in the small intestine should
be considered in the distribution of HEV, as described [29].

The copy numbers of HEV-RNA in tissue samples such
as the liver and choledochus, including bile, showed similar
levels in experimentally infected pigs; however, naturally
infected pigs showed significantly higher copy numbers of
HEV. The copy numbers were from 100-1000 times higher
in naturally infected than in experimentally infected pigs.
Pigs are supposed to be infected with HEV via the fecal-oral
route continuously, since pigs habitually eat feces naturally.
Several epidemiological studies reported HEV shedding in
up to 17-week-old pigs [23, 30-32]. An opportunity to come
in contact with contaminated feces increases the intake of
virus by pigs. Thus, it is possible that pigs have high levels
of virus titer in the internal organs by repeated exposure with
contaminated feces.

Histopathological observation showed the diffuse lym-
phoplasmacytic infiltrate in liver, but no apparent necrotic or
apoptotic hepatocytes in all the pigs. Halbur et al. [27] re-
ported mild lymphoplasmacytic hepatitis and hepatocellular
necrosis in pigs experimentally infected with swine-derived
HEV. The inoculated virus titer, virus strain or genotype
would influence the pathogenesis to host organs.

In conclusion, intravenous HEV infection leads to high
copy numbers of virus shedding in feces without severe
hepatitis symptoms in pigs. The real time RT-PCR analysis
showed different copy numbers of HEV-RNA in individual
organs from HEV-infected pigs. The copy numbers of HEV-
RNA tended to be higher in the liver and feces rather than
the intestinal tract. The copy numbers of HEV-RNA in tissue
samples were from 100-1000 times higher in naturally in-
fected than in experimentally infected pigs.
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