W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v21.i3.862

World | Gastroenterol 2015 January 21; 21(3): 862-867
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Basic Study
Experimental infection of Z:ZCLA Mongolian gerbils with
human hepatitis E virus

Yan Hong, Zhuo-Jing He, Wei Tao, Ting Fu, Yan-Kun Wang, Yong Chen

Yan Hong, Zhuo-Jing He, Wei Tao, Ting Fu, Yan-Kun
Wang, Yong Chen, Institute of Bioengineering, Zhejiang
Academy of Medical Science, Hangzhou 310013, Zhejiang
Province, China

Author contributions: Hong Y, He ZJ, Tao W, Fu T and Chen
Y designed the study; Hong Y, He ZJ, Tao W, Fu T and Wang
YK performed the experiments; Tao W, Fu T and Wang YK
analyzed the data; Hong Y, He ZJ and Chen Y wrote the paper.
Supported by Science Technology Department of Zhejiang
Province No. 2011F20015; and Health and Family Planning
Commission of Zhejiang Province, No. XKQ-010001.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by exter-
nal reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/li-
censes/by-nc/4.0/

Correspondence to: Yan Hong, Professor, Institute of
Bioengineering, Zhejiang Academy of Medical Science, 182
Tianmushan Road, Xihu District, Hangzhou 310013, Zhejiang
Province, China. hongy1008@163.com

Telephone: +86-571-88215588

Fax: +86-571-88215588

Received: May 27,2014

Peer-review started: May 27, 2014

First decision: June 27, 2014

Revised: July 22, 2014

Accepted: September 5, 2014

Article in press: September 5, 2014

Published online: January 21, 2015

Abstract

AIM: To investigate whether Z:ZCLA Mongolian gerbils
are readily susceptible to infection by human hepatitis
E virus (HEV).

METHODS: Z:ZCLA Mongolian gerbils were infected
with a clinical HEV strain isolated from an acute
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hepatitis E patient, and virus pathogenesis was
assessed in this host. Non-infected gerbils served as
the control group. Feces samples from gerbils were
collected weekly for reverse transcription-nested
polymerase chain reaction. Serum anti-HEV IgG and
alanine aminotransferase (ALT) were detected by
enzyme linked immunosorbent assay. At sacrifice, each
animal’s liver, spleen and kidney were collected for
histopathologic examination.

RESULTS: HEV-infected gerbils showed fatigue,
with histopathological changes observed in the liver,
spleen and kidney. HEV RNA was detected in fecal
samples taken at day 7 after inoculation and the
detectable levels lasted out to day 42 after inoculation.
Interestingly, ALT levels were only moderately increased
in the HEV-infected animals compared with the non-
infected control group.

CONCLUSION: Z:ZCLA Mongolian gerbils are susceptible
to human HEV.

Key words: Hepatitis E virus; Mongolian gerbils; Infection;
Interspecies transmission; Zoonosis
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Core tip: Z:ZCLA Mongolian gerbils were infected with
human hepatitis E virus (HEV). Feces samples from
gerbils were collected weekly for reverse transcription-
nested polymerase chain reaction. Serum anti-HEV
IgG and alanine aminotransferase (ALT) detection was
carried out by enzyme linked immunosorbent assay.
At sacrifice, liver, spleen and kidney were collected
from infected animals and non-infected controls for
histopathologic examination. Detectable HEV RNA in
fecal samples appeared at post-inoculation day 7 and
persisted through day 42. Interestingly, ALT levels
were only moderately increased in infected animals
compared with control animals. These findings indicate
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that Z:ZCLA Mongolian gerbils are susceptible to
human HEV.
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INTRODUCTION

Hepatitis E virus (HEV) infection is a significant public
health problem in many developing countries, causing
large outbreaks of acute hepatitis. It is known that HEV
transmission occurs primarily by the fecal-oral route,
mainly through contaminated drinking water in areas with
poor sanitation. However, hepatitis E has recently been
diagnosed with increasing frequency in industrialized
countries'”, and seroreactivity is observed in 5% to 21%
of asymptomatic individuals”.

Interestingly, antibodies to HEV have been detected
in a wide range of domestic and feral mammals, and
HEV RNA has been isolated from pigp"s], deer” wild
boar”, rodents™"” and chickens"". The prevalence
of HEV-specific antibodies in wild rodents is well
1 and HEV was recently isolated from
rats trapped in several cities of industrialized countries'”.
Thus, it is important to assess whether rodents constitute
a potential source of human HEV infection. Wild gerbils,
commonly known as midday jird [Meriones meridianus
(M. meridianus)], have been experimentally infected with
human HEV, and lesions similar to those found in
human hepatitis E patients were observed"”. However,
M. meridianus is not a breeding species and the animal’
s biological characteristics are unknown. Other studies
have reported the transmission of HEV from swine feces
in southern China to the Mongolian gerbil M. unguicutatus,
which serves as an animal model for a wide range of
diseases'" .

The Z:ZCLA Mongolian gerbil (M. unguiculatus)
is a relatively new laboratory stock, domesticated by
Zhejiang Experimental Animal Center, a branch of our
institution. The animals originated from Inner Mongolia
of China and have been artificially propagated for more
than 30 years. So far, the gerbils have been bred for 46
generations and systematically characterized for basic
biological attributes. The aim of the present study was
to assess whether the Z:ZCLA Mongolian gerbils are
readily susceptible to infection by human HEV.

documented'

MATERIALS AND METHODS

Virus

A clinical strain of HEV was isolated from a fecal sample
of an acute hepatitis E patient (Hangzhou, China). A
221-nt product was amplified from the fecal sample by
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reverse transcription-nested polymerase chain reaction
(RT-nPCR) and directly sequenced to yield the consensus
sequence. The virus sequence showed 99% homology
with the Xinjiang strain D11092 (genotype 1). For virus
preparation, 5 g of the patient’s feces were resuspended
in phosphate-buffered saline (PBS, pH 7.4) containing
0.01% diethyl pyrocarbonate (DEPC), at a proportion
of 10% (w/v). After centrifugation of the suspension
at 12000 X g for 20 min, the resulting supernatant was
filtered sequentially through 0.45 and 0.22 pm filters
before inoculation. The viruses were inoculated into
each gerbil at a minimum viral count of 5.5 X 10°/mL
of feces supernatant, as calculated by viral genomic titer
determined by real-time reverse quantitative PCR.

Animals and infection

Twenty-one specific pathogen-free male Z:ZCLLA Mongolian
gerbils with an average body mass of 40 £ 5 g (approximately
5 wk of age) were provided by the Experimental Animal
Center at the Zhejiang Academy of Medical Sciences
(China) and maintained in a pathogen-free animal facility.
Adequate measures were taken to minimize animal
discomfort. All procedures involving animals in this study
were approved by the local committee of Animal Use and
Protection.

Gerbils were divided into two groups, with 14 in the
virus infection group and 7 in the control group. The
day before infection, each gerbil was injected with 6
x 108 x 10" units of penicillin intraperitoneally. The
infection group was inoculated intraperitoneally with
100 pL of the virus suspension described above. Gerbils
in the control group were inoculated with 100 pl. PBS.
All animals were provided with food and water ad
libitum during the 7-wk study course. Fecal samples were
collected each week post-inoculation and stored at -20 C
until use. Two gerbils from the infection group and 1
from the control group were humanely euthanized each
week post-inoculation. Serum was obtained from blood
samples collected weekly and stored at -20 C. Liver,
spleen and kidney were fixed in 10% neutral buffered
formalin immediately upon sampling for subsequent
histopathologic examination.

Serologic tests
Serum specimens were assessed for IgG antibodies to HEV
by using a commercial enzyme-linked immunosorbent
assay (ELISA) kit (Wantai Biological Pharmacy Co., Beijing,
China), according to the manufacturer’s instructions. The
absorbance was determined at 450 nm (Multiscan MCC
microplate reader; Titertek Instruments, Huntsville, AL,
United States).

ALT levels were detected in serum samples with an
automated biochemistry analyzer (AU2700 chemistry
immune-analyzer; Olympus, Tokyo, Japan).

Histopathological studies
For histological studies, fixed tissues (liver, spleen, and
kidney) were dehydrated with increasing concentrations
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Figure 1 Changes in alanine aminotransferase levels after hepatitis E
virus infection. Z:ZCLA Mongolian gerbils showed alanine aminotransferase
(ALT) level changes upon hepatitis E virus infection. The ALT levels were
moderately increased in the inoculated group compared with the control group
at days 14 and 21 post-inoculation. No changes were observed in the control
group.

Table 1 Hepatitis E virus RNA-positive rate in experimental

and control Mongolian gerbils

Post-inoculation day
Group 0 7 14 21 28 35 42 49
HEV- 0/14 5/14 10/12 10/10 8/8 6/6 1/4 0/2
inoculated
Control 0o/7 0/7 0/6 0/5 0/4 0/3 0/2 0/1

The viral shedding in feces was detected by reverse transcription-nested
polymerase chain reaction. HEV: Hepatitis E virus.

of ethanol and embedded in paraffin according to
standard laboratory procedures. Tissues were cut into 7
um sections and stained with hematoxylin and eosin for
histological evaluation. Observation was carried out on
an Olympus CX41 microscope.

RNA extraction and RT-nPCR

Total RNA was extracted from the 10% fecal supernatants.
After centrifugation of the suspensions at 12000 X ¢
for 15 min, the resulting supernatant was mixed with
10% PEG 6000 (w/v) and 2.3% NaCl (w/v), and
stored at 4 C overnight. The solution was centrifuged
at 12000 X g for 20 min the following day. Total RNA
was extracted from the sediment by the TRIzol reagent
(Invitrogen, Carlsbad, CA, United States), according to
the manufacturer’s instructions, and dissolved in 20 plL
ribonuclease (RNase)-free water. Reverse transcription
was performed using a commercially available Primescript
first-strand cDNA synthesis kit (TaKaRa, Dalian, China)
following the manufacturer’s instructions. The resulting
cDNA was amplified by nested PCR using primers based
on sequences of the open reading frame 2 (5123-7105 nt)
of the Chinese HEV isolate (sites based on 1.08816.1)",
The external forward primer (6272-6294 nt, PCR1)
was 5’-CCGACAGAATTGATTTCGTCGGC-3’
and the reverse primer (6579-6557 nt, PCR4) was 5’
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-CCGTAAGTGGACTGGTCATACTC-3’; the
internal forward primer (6323-6345 nt, PCR2) was 5’
-GTCGTCTCAGCCAATGGCGAGCC-3’, and
the reverse primer (6521-6543 nt, PCR3) was 5’
-GAAAGCCAAAGCACATCATTAGC-3’. The RT-
nPCR product was expected to be 221 base pairs. The
first round PCR was set up at 94 'C for 5 min, followed
by 33 cycles of 94 C for 30 s, 55 C for 30 s and 72 °C
for 10 min. The second round PCR protocol was the
same as the first one except that the melting temperature
of 57 °C was used. The PCR products were assessed by
electrophoresis on 1% agarose gel. A negative control
(water only) was included, and the PCR products were
identified by sequencing to exclude the possibility of
contamination and failure of amplification.

RESULTS

Clinical evaluation

The HEV-infected gerbils showed fatigue and loose
hair. As expected, no evidence of clinical disease was
observed in the control gerbils.

Serological analysis

Serum specimens were examined using an automatic
biochemical analyzer to determine serum ALT levels. As
shown in Figure 1, ALT levels were moderately increased
in gerbils infected with HEV, compared with control
animals, at days 14 and 21 post-inoculation. Assays were
performed in triplicate and data expressed as mean
* SD. In addition, serum anti-HEV antibodies were
assessed in HEV-inoculated and non-inoculated groups
by ELISA, and no anti-HEV IgG was detected in either

group.

Detection of HEV RNA by RT-nPCR

Viral shedding in feces was detected intermittently by
RT-nPCR, beginning at day 7 post-inoculation for all
infected gerbils. Indeed, correct sized PCR products
were detected by electrophotesis on a 1% agarose gel,
which showed a 221 bp DNA fragment (Figure 2). The
fecal excretion of HEV lasted for 42 d post-inoculation.
All data obtained for the 7-wk experimental period are
summarized in Table 1.

Histopathologic examination

To determine whether gerbils responded to the HEV-
containing inoculum with histopathologic signs of injury,
tissues (liver, spleen and kidney) from inoculated and
control gerbils were sectioned, stained, and examined
by light microscopy. We observed changes attributable
to inoculation in the liver, spleen and kidney. Hepatic
inflammation and focal hepatocellular necrosis were
observed in inoculated gerbils. In addition, mixed
infiltration of lymphocytes and eosinophils in the portal
tracts was observed (Figure 3A). Enlarged splenocytes
and multiple vacuolar degeneration were observed in
the spleens of inoculated gerbils (Figure 3B). Moreover,
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Figure 2 Reverse transcription-nested polymerase chain reaction detection of viral shedding in feces. Hepatitis E virus RNA was detected by reverse
transcription-nested polymerase chain reaction (RT-nPCR) in feces from all inoculated gerbils. Lane M: DNA marker; Lanes 1-6 represent experimental time points (in
weeks): the second round PCR products of gerbil feces samples on intermittent days; Lane 7: a negative control containing water.

Figure 3 Histopathologic changes in the hepatitis E virus-inoculated Mongolian gerbils. A: A representative liver sample showing slight histiocytic hepatitis and
focal accumulation of inflammatory cells surrounding hepatocytes [21 d post-inoculation (DPI)]; B: A representative spleen sample showing ruptured and enlarged
splenocytes with multiple vacuolar degeneration (21 DPI); C: A representative kidney showing disarranged kidney cells with increased infiltrating lymphocytes and
macrophages (35 DPI); D: A representative negative control liver; E: A representative negative control spleen; F: A representative Negative control kidney. All tissues
were stained with hematoxylin and eosin. Original magnifications x 400.

increased lymphocyte and macrophage infiltration was HEV IgG“g'. Although some research assays could yield
observed in renal tissues after HEV infection (Figure 3C). “false-positive” results, with controversy surrounding
Of note, no damage was observed in any tissue from current enzyme immunoassays used for HEV detection',
control animals (Figure 3D-F). more thorough HEV studies are urgently needed.

HEV infection is described as a disease transmitted
primarily zia the fecal-oral route through contaminated

DISCUSSION drinking water™. In addition, wild or domestic swine
Hepatitis E genotype 1 is an infectious agent, which consumption probably plays an important role in the
causes a disease considered to be endemic in developing occurrence of hepatitis E genotype 3 or 4P However,
countries, due to poor sanitary conditions. However, recent as evidences began to accumulate, recent investigations
reports have drawn attention to hepatitis E appearance in suggested the possibility of other modes of transmission.
developed countties; the most recent survey showed that It was reported that HEV can be transmitted from person
21% of United States’ residents are seropositive for anti- to person'zsl, despite the fact that HEV presence in stool
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is acknowledged as a major source of transmission by
contact exposure to other animals™. Because rodents and
humans often share the environment, especially in inner
cities, there is a possibility for rodents to come in contact
with human feces. Therefore, rodents are particularly
interesting as a potential source of human HEV infections.

Currently, the Mongolian gerbil is a used widely model
animal for scientific studies. However, the Z:ZCLA
Mongolian gerbil is a relatively new closed colony, of
which ancestors were obtained in Inner Mongolia of
China by the Zhejiang Experimental Animal Center in
1978. This population has stable biological characteristics,
and lives longer than other Mongolian gerbil populations
in China. Moreover, these animals have been used in
investigations in multiple fields: parasitology, cerebral
hemorrhage, virology, bactetiology, lipometabolism, and
carbohydrate metabolism. The results presented here
suggest that Z:ZCLA Mongolian gerbils are susceptible
to human HEV, as evidenced by clinical signs of HEV
infection, changes in serum ALT levels, fecal viral
shedding, and lesions of organs, including liver, spleen
and kidney. As shown above, fecal virus shedding was
detected at day 7 post-inoculation and lasted for 5 wk.
Similar findings were previously described by Li ez al®,
who detected HEV RNA in fecal excretions obtained
from gerbils inoculated with swine HEV at 3-4 wk post-
inoculation. With the large number of rodents in large
cities, HEV can be spread easily and for a long time
through rat feces; therefore, the effects of HEV sz the
fecal-oral route are difficult to predict.

During the experimental infection course of the
current study, no anti-HEV antibodies were detected in
the inoculated gerbils. Similar to a previous study, in which
Wistar rats were infected with human HEV, seroconversion
could not be detected out to the expetiment-end day 35 of
post-inoculation”. Tn another study, gerbils infected with
swine HEV produced anti-HEV antibodies at 49 d after
inoculation, with noticeably lower optical density values
than the positive control®. Therefore, the magnitude of
rat viremia might be reduced in comparison to that of
other inoculated mammals.

The results presented here indicate that Z:ZCLA
Mongolian gerbils could be experimentally infected by
human HEYV; therefore, this rodent should be considered
a helpful animal model for HEV studies. Specifically, it
might be used to further describe the mechanism of HEV
interspecies transmission. In addition, rodent control in
inner cities may help prevent HEV transmission.

COMMENTS

Background

Hepatitis E virus (HEV) infection is a significant public health problem in many
developing countries, causing large outbreaks of acute hepatitis. However, in
industrialized countries, hepatitis E has recently been diagnosed with increasing
frequency as a cause of sporadic hepatitis, and seroreactivity has been
recorded frequently in asymptomatic persons. Because antibodies to HEV have
been detected in a wide range of domestic and feral mammals, and HEV RNA
has been recently isolated from rats trapped in several cities in industrialized
countries, it is important to understand whether rodents are a potential source
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of human HEV infection.

Research frontiers

HEV infection is known as a disease transmitted primarily via the fecal-oral
route through contaminated drinking water. However, recent investigations
have suggested the possibility of other modes of transmission. It was reported
that HEV can be transmitted from person to person despite the fact that HEV
presence in stool is a major source of transmission by contact exposure to
other animals. Because rodents and humans often share the environment,
especially in inner cities, rodents could come in contact with human feces
easily. Therefore, rodents are particularly interesting as a potential source of
human HEV infections.

Innovations and breakthroughs

It has been shown that wild gerbils, commonly known as midday jird [Meriones
meridianus (M. meridianus)], can be experimentally infected by human HEV
and present with lesions similar to those found in human hepatitis E patients.
However, M. meridianus is not a breeding species and their biological
characteristics are unknown. Other studies have reported the transmission
of HEV from swine feces to the Mongolian gerbil (Meriones unguiculatus),
which serves as an animal model for a wide range of diseases. The Z:
ZCLA Mongolian gerbil (M. unguiculatus) is a relatively new laboratory stock,
domesticated by the Zhejiang Experimental Animal Center, a branch of our
institution. The animals originated from Inner Mongolia of China, and have
been artificially propagated for more than 30 years. So far, the gerbils have
been bred for 46 generations and their basic biological characteristics have
been systematically described. The aim of the present study was to investigate
whether Z:ZCLA Mongolian gerbils are readily susceptible to infection with
human HEV.

Applications

The study results suggest that Z:ZCLA Mongolian gerbils could be
experimentally infected by human HEV; therefore, M. unguiculatus should be
considered a helpful animal model for HEV studies. Specifically, it can be used
to further describe the mechanism of HEV interspecies transmission.

Terminology
HEV is an emerging pathogen and the most common cause of acute viral
hepatitis worldwide.

Peer review

This manuscript comprises the experimental infection of a novel laboratory
stock of Mongolian gerbils with a clinical strain of human HEV. Apart from the
introduction of an animal model for HEV (interspecies) infection, the authors
raise the question about the influence of rodents on HEV transmission to
humans.
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