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1 | INTRODUCTION

Background: Hepatitis E virus (HEV) is an important zoonotic pathogen, Genotypes 3
and 4 are the main zoonotic genotype. Due to the lack of mature and effective culture
cell lines, researches on genotype IV swine HEV (SHEV-4) infection and pathogenic
mechanism have been carried out in pigs, gerbils and non-human primate models.
Objectives: The aim of this study was to establish a rat infection model by intra-
peritoneal infection with SHEV-4, which provided a new research idea and scientific
basis for further revealing the mechanism of HEV infection and preventing HEV
infection.

Methods: SHEV-4 virus was administered intra-peritoneally to 6- to 8-week-old mice
to observe the serological changes and virus release.

Results: According to the results of the rat serum HEV IgG, ALT and AST levels, swine
HEV, minus-strand HEV RNA can infect Sprague-Dawley rats across species, and there
are no obvious clinical symptoms after infection. HEV RNA was detected in most tis-
sues and organs after infection, but the viral load was low. The liver had pathological
changes of chronic hepatitis.

Conclusions: We found that the rat model of porcine HEV infection is a small animal

model suitable for the study of HEV infection.
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may also lead to food-borne infections (Hiroyuki, et al., 2003; Khuroo.,

2010). Additionally, the virus is spread through mother-to-child trans-

Hepatitis E genotype 3, 4, 7 are the zoonotic diseases (Dalton et al.,
2014; Lee et al.,, 2015). The main route of transmission is faecal oral
transmission via drinking contaminated water and eating contami-
nated food (Mushahwar, 2008; G. G. Schlauder et al., 1998; Tokita.,
2003). Eating improperly cooked HEV-infected animal tissues or offal

mission (Boxall et al., 2006; Mitsui et al., 2004) and blood transmission
(Colson et al.,, 2007; Jothikumar et al., 2006). HEV is also distributed in
avariety of animals, can be transmitted between people and pigs and is
an important pathogen that affects human health and the pig industry
(Schlauder and Mushahwar, 2001). But what we need to know is that
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genotypes 1 and 2 are primarily infected in humans and less frequently
isolated from animals (He et al., 2002).

Hepatitis E virus (HEV) belongs to the Hepeviridae family Hepe-
virus, which is a single-stranded, positive, non-enveloped RNA virus.
HEV has only one serotype and at least five genotypes(Miyashita et al.,
2012). Genotype | is mainly distributed in Asia and Africa. Genotype
Il is distributed in Mexico and Africa. Genotypes | and Il only infect
humans, mainly young adults. Children and the elderly often show
subc-linical symptoms after infection, and the mortality rate of preg-
nant women after infection is as high as 20%. Genotype Il is distributed
throughout the world, genotype |V is mainly distributed in Asia (Coss-
aboom et al., 2012; Miyashita et al., 2012), and genotypes Ill and IV
can infect humans and are spread by many animals. The first clinical
case of acute symptomatic HEV genotype 4 infection was reported in
a patient in Japan in 2020 (Kitaura et al., 2020). Studies have found
that in addition to humans, the hosts of HEV genotypes Il and IV
include macaques, chimpanzees, rhesus monkeys, pigs, deer, dogs, cat-
tle, sheep, chickens, rabbits, bats and zigzags (Cossaboom et al., 2012;
Meng, 2013; Pavio, et al., 2010; Saad et al., 2007).

The study showed that the liver of pigs infected with HEV could not
inactivate the virus after being exposed to 56°C for 1 hour or the milk
containing HEV could not be pasteurized and the virus was still infec-
tious (Emerson, et al., 2005; Huang et al., 2016). HEV-4 is mainly dis-
tributed in Asia and has 71.79 to 77.38% homology with other strains.
The HEV-4 is divided into nine subtypes (a - i), separated from pigs, wild
boars and humans. In addition, it is also isolated from sheep, cattle and
goats in China (Nicand et al., 2005). Studies have shown that genotype
IV swine HEV (SHEV-4) can be transmitted between humans and pigs,
and human-to-animal transmission of HEV is becoming a major pub-
lic health problem. The animal models used for the study of SHEV-4
cross-species infection are few in species and mainly adopt the non-
natural route of infection-intravenous injection. Compared with the
intravenous infection, the intra-peritoneal infection process can bet-
ter simulate the blood flow to the liver during natural HEV infection.
Sprague-Dawley (SD) Rats have been widely used in life sciences and
biomedical research. Therefore, this experiment selected SD rats as the
experimental object to study the distribution of genotype IV SHEV-4 in
different tissues and the virus-shedding law of rat. This study provides
new research ideas and scientific basis for further revealing the mech-

anism of HEV infection and preventing HEV infection.

2 | MATERIALS AND METHODS

2.1 | Viruses

SHEV-4-positive fecal disease material was provided by a pig farm in
Sichuan, China. We tested the fecal suspension for other pathogens
and all results were negative, ensuring that only SHEV-4 virus
was present in the fecal suspension. Fecal samples were diluted in
phosphate-buffered saline (10%, w/v). vortex shocked for 1 min, cen-
trifuged at 12,000 x g 4°C for 10 min, filtered through 0.22-um micro-

filters and add with penicillin and streptomycin. Viral genomic titers in

Implications

* Swine hepatitis E virus (SHEV-4) has emerged as an impor-
tant human zoonotic HEV strain, while HEV-infected ani-
mals are usually excreted into the environment through
feces to contaminate water supplies or food.

* Thisstudy used Sprague-Dawley (SD) rats as experimental
animals, revealed that SHEV-4 could be infected by intra-
peritoneal injection in SD rats.

* The study revealed the detoxification and tissue virus dis-
tribution of SHEV after cross-species infection, so as to
provide new research ideas and scientific basis for further
revealing the mechanism of HEV infection and preventing
HEV infection.

the above positive feces samples were determined by quantitative real-
time polymerase chain reaction (QRT-PCR) at 3.31 x 10% copies/uL, as
previously described (YY L et al., 2017). The suspension was aliquoted
in volumes of 1.5 mL and stored at —80°C.

2.2 | Animal groups and infection

Specific pathogen-free female SD rats (6- to 8-week old, 80-100 g body
weight) were obtained from the Chengdu Dashuo Experimental Ani-
mal Co., Ltd. The rats were kept at 22°C under a 12 h light/dark cycle,
and they were provided with food and water ad libitum. Prior to the
study, feces and serum samples were collected separately to detect
HEV RNA by gRT-PCR and to determine anti-HEV IgG and IgM by
Enzyme-linked immunosorbent assay (ELISA), ensure that the SD rats
used in this study are negative to anti-HEV antibodies and HEV RNA.
The study was carried out in accordance with the UK Animals (Scien-
tific Procedures) Act, 1986 and associated guidelines. The study was
approved by the Sichuan Experimental Animal Management Commit-
tee (permit number SYXK [Chuan] 2019-187). Sixty-three rats were
divided randomly into three groups: 21 rats in the experimental group
(Group 1), 21 ratsinthe control group (Group 2) and 21 rats in the blank
group (Group 3). Rats of Group 1 were treated with an intra-peritoneal
injection of 500 uL of genotype IV HEV-positive swine faeces suspen-
sion. Rats of Group 2 were given a 500-uL sham injection of sterile nor-
mal saline, while the rats of Group 3 were given nothing.

2.3 | General observations and sample collection
Rats were observed daily for 7 weeks after infection, and their physical
condition and survival were recorded. At 0O, 7, 14, 21, 28, 35, 42 and
49 days post-inoculation (dpi), three rats in each group were humanely
killed and subjected to histo-pathological analyses and internal organ
cultures. The organ (including brain) and faeces samples were used for
HEV RNA detection. Blood was used to detect HEV antibodies.
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2.4 | Histopathology

The organs (heart, liver, spleen, lung and kidney) were fixed in 4%
paraformaldehyde for 2-3 days, embedded in paraffin, serially sec-
tioned and stained with haematoxylin and eosin.

2.5 | Virology and serology analyses

Total RNA was extracted from the heart, liver, spleen, lung, kidney,
brain, faeces and blood samples using RNAiso Plus (Takara Bio Inc.,
Dalian, China) according to the manufacturer’s protocol. From each tis-
sue and organ sample of each group of animals, a 2-g sample was taken
for RNA extraction, and the sample type was analysed three times for
replication purposes. Reverse transcriptase polymerase chain reaction
(RT-PCR) was performed according to the instructions provided by the
kit manufacturer (PrimeScript 1st Strand cDNA Synthesis Kit, Takara
Bio Inc.). Real-time PCR was performed according to the instructions
provided by the kit manufacturer (SYBR Premix Ex TagTM Il Kit, Takara
Bio Inc.) using the following open reading frame -2 primer sets: for-
ward, 5’- ATTTCGTCGGCTGGAGGT -3’ and reverse, 5'- ACGGGACT-
CACCAAGATCAATA -3'. The results were expressed in terms of cycle

threshold (Ct). Standard quantification curves were produced by plot-
ting the Ct values against the logarithm of the input copy numbers of
standard DNA. Standard DNA was obtained in another study (YY L
et al.,, 2017). The results are expressed as genomic copy number per
gram of samples (copies/g).

Two primers were used for minus-strand HEV RNA detection. The
RT-nPCR primers were: HEV-F1 (5’-GCCCAGTATCGTGTTGTYC-3'),
HEV-R1 (5’- TARTCARCGGTATCCTCCAAA -3'), HEV-F2 (5'-CTGG-
YGTCGYTGAGGAAG-3’) and HEV-R2 (5-CAGTRAGYGAAAGCC-
AAAGC-3'). The amplified RT-nPCR products were analysed using gel
electrophoresis and visualised using gel Doc (Bio RAD), with a final
amplification product of 638 bp.

ELISA was used for HEV IgG antibody (HEV IgG) detection (Wantai
Biological Pharmaceutical Co., Ltd, Beijing, China). All serum samples

were tested for anti-HEV.

2.6 | Serum transaminase level detection
ALT, AST and ALP levels in the serum samples were measured by a
blood biochemical analyser (Tekang Science and Technology Co., Ltd.,

Jiangxi, China).

TABLE 1 HEV RNA quantification in samples from Group 1 rats
dpi 0 7 14 21 28 35 42 49
Heart 1 - - - 4.64 x 10? - 7.56 x 102 - -
2 - - - 3.46 x 102 - 4.12x 10? - -
3 - - - 4.60 x 10? - 6.43 x 102 - -
liver 1 - 3.95x 108 - - - - - -
2 - 3.64 x 10° - - - - - -
3 - 3.86x 10° - - - - - -
Spleen 1 - 3.91x10° - 3.26 x 102 2.58 x 108 - - -
2 - 3.62x10° - 5.12 x 102 3.98 x 108 - - -
3 - 3.78 x 108 - 4.30 x 10? 3.44 %108 - - -
Lungs 1 = = = 1.08 x 10° = 6.64 x 102 = =
2 - - - 2.22x10° - 4.13x 10? - -
3 - - - 1.19 x 10° - 3.43x 102 - -
Kidney 1 - 3.61x10° 2.29 x 10* - - - 1.95x 10° -
2 - 3.74x 108 3.45x10% - - - 1.88x 10° -
3 - 3.83x10° 3.43x 10* - - - 2.34 x 108 -
Brain 1 - 3.83x 10° 2.18 x 10° - - - - -
2 - 3.85x 10° 3.04x 10° - - - - -
3 - 3.60x 10° 3.35x 10° - - - - -
Faeces 1 - 4.57 x 10° 9.70 x 102 - - 4.87 x 10? 1.02 x 10* 1.88 x 10?
2 - 4.26x10° 5.10 x 102 - - 3.55x 102 1.18 x 10* 2.01x 102
3 - 4.13x 10° 6.55 x 10? - - 4.14 % 10? 2.11x10* 1.12 x 10?

Real-time HEV RT-PCR results on individual faecal samples (HEV copies/g of sample) at each sampling time and from samples at necropsy; 1, 2 and 3 in the
Table represent three rats that underwent the same test at different time intervals (three replicates). The data in Table 1 are the average values of three
experiments. All results were analysed by SPSS and showed a Cv (coefficient variation) <1.0%. -, negative for HEV RNA quantification. Dpi, day post-infection.
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2.7 | Data analysis

Statistical analyses were performed to determine the SHEV-4 infection
proportions using Statistical Package for Social Sciences version 22.0
(SPSS, Inc., Chicago, IL, US) and GraphPad Prism 5.01. Bio-Rad CFX
Manager 3.0 and LightCycler 96 SW 1.1 were used to analyse the real-
time PCR results.

3 | RESULTS

3.1 | HEV RNA detection

HEV infection data for real-time RT-PCR on faecal samples
and organs are presented in Table 1. In our trial, all Group 1
animals were infected by HEV. None of the Groups 2 and 3 rats
excreted HEV from day 7 to 49. Inoculated animals started to shed
HEV from 7 to 14 dpi and from 35 to 49 dpi. At the necropsy stage, all
organs contained HEV RNA at different stages (Table 1).

TABLE 2 Minus-strand HEV RNA detection results in samples
from Group 1rats

Dpi 0 7 14 21 28 35 42 49
Heart 1 - - - - - - - -
Liver 1 = = = = = = = =
2 o = - o = - o =
Spleen 1 - - - - - - - -
3 - - - - - - - -
Lung 1 = = = = s = = s
Kidney 1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
Brain 1 = = = = = = = =
Faeces 1 N N N N N N N N
2 N N N N N N N N
3 N N N N N N N N

Minus-strand HEV RNA RT-nPCR results on individual faecal samples at
each sampling time and from samples at necropsy; 1, 2 and 3 in Table rep-
resent three rats that underwent the same test at different time intervals
(three replicates).-+, positive for minus-strand HEV RNA; -, negative for
minus-strand HEV RNA; N, not detected; dpi, day post-infection.

3.2 | Minus-strand HEV RNA detection in Group 1
Minus-strand HEV RNA data for Group 1 by RT-nPCR on fecal sam-
ples and organs are presented in Table 2. In this trial, all Group 1 ani-
mals were infected with minus-stranded HEV RNA. At the necropsy
stage, all organs contained minus-strand HEV RNA at different stages
(Table 2). Therefore, we can confirm that the virus actively replicates in
those tissues.

3.3 | Estimation of time to HEV seroconversion

Detection of anti-HEV antibodies was performed on all groups of three
animals until 49 dpi. None of the Groups 2 and 3 animals showed
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FIGURE 1 HEV serology results on individual sera samples from
Groups 1, 2 and 3 rats. Optical density (450 nm) values from the ELISA
test, HEV 0.4 v per animal, with three animals of each group at
different stages after infection. For each group, the cut-off value is
indicated by a dashed black line. The results are the average values of
three experiments. All results were analysed by SPSS and showed a Cv
(coefficient variation) < 1.0%
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TABLE 3 Serum transaminase detection results from rats in (a) 100+
Groups 1,2and 3 E=& Group 1
E3 Group 2
dpi 0 7 14 21 28 35 42 49 Group 3
ALT (U/L) 3
Group1l 33 335 338 675 823 603 639 558 =]
4
Group2 456 50.6 555 574 486 499 534 545 % g
7 7
Group3 385 343 426 44 435 406 418 454 % é
72 7
AST (U/L) % A |
Group1l 90 855 914 1253 1113 1321 656 60.2
Group2 110 121 139.7 119.9 120 115 124 117
Group3 115 132 122 134 140 136 123 130 (b) 150
ALP (U/L) Group 1
Groupl 252 260 272.6 3232 2441 397.6 3354 317.1 &= Group2
Group 3
Group2 222 280 318 224 275 311 256 251 2 uP
Group3 231 240 225 258 309 318 295 237 g
The reference range of alanine aminotransferase (ALT) is from 33.0 to
98.7 U/L; b: the reference range of aspartate aminotransferase (AST) is from
69.5 to 210.0 U/L; and c: the reference range of alkaline phosphatase (ALP)
isfrom40.0to 190.0 U/L. The reference range is indicated by a dashed black
line. The results are the average values of three experiments. All results N S S S S S
were analysed by SPSS and showed a Cv (coefficient variation) <1.0%. doi
pi
(c)
anti-HEV antibody responses. Serum samples from Group 1 had anti- 500+ G ’
HEV antibodies between 42 and 49 dpi (Figure 1). g G:gug 5
Ul
&3 Group 3

3.4 | Changes in serum transaminases

The detection of serum transaminases was performed on all groups of
animals until 49 dpi (Table 3). The ALT values of rats in Groups 1, 2,
and 3 were all within the reference range from 0 to 49 dpi. The ALT
values of Groups 2 and 3 showed no significant changes at different
time points, while the ALT value of Group 1 increased significantly dur-
ing 14 to 28 dpi and decreased significantly between 28 and 35 days.
The AST values of rats in Groups 2 and 3 were all within the reference
range between 0 and 49 dpi, while the AST values of rats in Group 1
increased significantly between 14 and 21 dpi and decreased signifi-
cantly between 35 and 42 dpi. The AST values were below the refer-
ence range at 49 dpi. The ALP values for all rats in the three groups

were not within the reference range (Figure 2).

3.5 | Histological lesions
The pathological changes in various tissues were determined by
microscopy. The lesions observed in the heart, liver, spleen, lungs and
kidney were different in the Group 1 rats at 0 and 49 dpi (Figures 3-7).
No significant pathological changes were found in the heart, liver,
spleen, lungs and kidney of rats in Group 2 (Figure 8) and Group 3
(Figure 9).

Lesions in the heart were not observed (Figure 3). A hepatic exami-

nation revealed features characteristic of hepatitis in a number of liver

FIGURE 2 ChangesinALT, AST and ALP levels from Groups 1, 2
and 3 rats. The dotted histogram represents Group 1, the horizontal
histogram represents Group 2, and the slashed histogram represents
Group 3. (a) The reference range of alanine aminotransferase (ALT) is
33.0to 98.7 U/L; (b) the reference range of aspartate
aminotransferase (AST) is 69.5 to 210.0 U/L; and (c) the reference
range of alkaline phosphatase (ALP) is 40.0 to 190.0 U/L

samples including congestion, vacuolization, swelling, deformation and
necrosis (Figure 4). Hepatocytes showed punctate necrosis at 7 dpi
(Figure 4B). A small number of neutrophils infiltrated the liver sinus at
14 dpi (Figure 4C). Some liver cells showed focal necrosis, with shrink-
age or dissolution of the nuclei at 7 and 49 dpi (Figure 4B, H). The
liver cells were observed to have vacuolated degeneration, swelling
and deformation at 7, 14 and 49 dpi (Figure 4B, C, H).

Lymphocytes in the splenic nodules were slightly decreased in the
white pulp area at 14 and 21 dpi (Figure 5C, D). Lymphocytes in the
splenic nodules of the white marrow area were significantly reduced,

while the macrophages were increased at 35 dpi (Figure 5F). A small
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FIGURE 3 Hearthistological lesions of rats from Group 1. a, b, c,d, e, f, g and h are heart lesions on 0, 7, 14, 21, 28, 35,42 and 49 dpi,

respectively. HE. 400 x

number of neutrophils infiltrated the red pulp region from 35 to 49 dpi
(Figure 5F-H).

The lung lesions were characterised by haemorrhage, inflamma-
tion and fibrosis in the middle stage of infection. The perivascular
stroma was slightly oedematous, the connective tissue was loosely
arranged, the stroma was widened and a small amount of fibrous
tissue hyperplasia was seen at 14 dpi (Figure 6C). A small amount
of fibrous tissue proliferated. A small number of inflammatory cells
infiltrated the lungs at 21 dpi including neutrophils and monocytes
(Figure 6D).

The main lesions of the kidney were degeneration and congestion. A
small number of renal tubular epithelial cells showed slight degenera-
tion at 28 dpi (Figure 7E). The glomeruli were slightly enlarged and the
basement membrane of the capillaries was slightly thickened at 35 dpi
(Figure 7F). In the interstitium, in addition to blood vessel dilation and

congestion, new capillaries and an increased number of adipocytes
were observed at 42 dpi (Figure 7G).

4 | DISCUSSION

As HEV is easily degraded and inactivated and an effective cell culture
system for HEV is not available, few in-depth studies have been per-
formed for HEV. Laboratory rats and European rabbits have become
the potential animal models for different HEV strains. The study has
shown that only two of nine rabbits inoculated with HEV-4 became
infected (Ma et al. 2010). There are studies that show that Wistar
rats seemed resistant to intravenous inoculation of HEV-4 derived
from wild boar (Schlosser et al., 2018). There have been no reported

cases of SHEV-4 infection in SD rats by intra-peritoneal injection. After
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FIGURE 4
a,b,c,d, e f,gandhareliverlesionson 0, 7, 14, 21, 28, 35, 42 and 49 dpi, respectively. HE. 400 x

the 20th century, SD rats were used in various fields of life science
research, especially in oncology, pharmacology, toxicology, endocrinol-
ogy and nutrition. Establishing persistent HEV infection in laboratory
rats had been challenging. Studies have shown that intra-peritoneal
injection can better mimic the direction of blood flow into the liver dur-
ing the natural HEV infection route than the intravenous route (Mao

et al., 2014). SD rats, which present wide sources and high reproduc-

Liver histological lesions of rats from Group 1. Pathological changes were characterised by congestion, vacuolization and necrosis.

tive rates, can be used as an animal model for HEV infection. Therefore,
SD rats are widely available, have high growth rates and high repro-
duction rates and can be used as a potential animal model for HEV
infection.

In this study, the SD rats inoculated with swine HEV faecal suspen-
sion by intra-peritoneal injection did not have clinical symptoms of hep-

atitis E or abnormal reactions. After the SD rats were vaccinated with
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FIGURE 5 Splenic histological lesions of rats from Group 1. Pathological changes were characterised by inflammation. a, b, c,d, e, f,gand h are

spleniclesionson 0, 7, 14, 21, 28, 35, 42 and 49 dpi, respectively. HE. 400 x

a peritoneal suspension of swine HEV, HEV RNA was detected in the
faeces from 7 to 14 dpi and 35 to 49 dpi. HEV RNA was detected in
the liver at 7 dpi. The liver, heart, spleen, lung, kidney and brain har-
boured HEV RNA at different time points, indicating that all tissues and
organs can be infected with HEV. Recently, several cases of HEV infec-
tion have been reported in the human nervous system, especially in the

brain, with corresponding neurological symptoms; however, there have

been noreports of HEV infection of the nervous systemin rats. Because
HEV RNA was detected in the brain, the results of this experiment indi-
cate that HEV may infect the rat’s nervous system. The intermittent
detection of HEV RNA in tissues and organs may occur for a number
of reasons, such as the virus invading the body, individual organs hav-
ing an immune response at different times, the activity of lymphocytes

that can destroy pathogens and the easy degradation and instability of
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FIGURE 6

Lung histological lesions of rats from Group 1. Pathological changes were characterised by haemorrhage, inflammation and fibrosis.

a,b,c,d, e, f,gand harelunglesionsonO, 7, 14,21, 28, 35, 42 and 49 dpi, respectively. HE. 100 x

the HEV pathogen itself causing HEV RNA to be undetectable at some
stages. In addition, the virus may infect organs and tissues at different
time points and may show tissue tropism; thus, the number of virions
in a given organ may differ or be completely absent depending on the
stage, resulting in no detectable HEV RNA.

The antigen of swine HEV can be detected in serum about 14 days

after contact with infected pigs, and can last for 14 days (Bouwknegt

et al,, 2009). Antibody detection was performed in the three groups
of rats. The results showed that HEV IgG was detected at 35 dpi in
rats vaccinated with porcine HEV faecal suspension and consistently
reached 49 dpi, indicating that the immune response began to occur
in the rats at 35 dpi after inoculation with swine HEV faecal suspen-
sion. The results of HEV RNA detection also showed that from 42 to
49 dpi, tissues or organs of the rats did not harbour HEV RNA except for
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FIGURE 7 Kidney histological lesions of rats from Group 1. Pathological changes were characterised by degeneration and congestion. a, b, ¢, d,
e, f,gand h are kidney lesionson 0, 7, 14, 21, 28, 35, 42 and 49 dpi, respectively. HE. 400 x

faeces. This indicates that serum antibodies can be produced during
exposure to antigens in animals, and investigations have also shown
that human beings experiencing self-limited hepatitis E can produce
higher antibody levels and effectively protect them from HEV outbreak
areas (Lee et al., 2016).

The serum ALT and AST levels of SD rats inoculated with HEV in pigs

showed an overall increasing and then decreasing trend. The serum

ALT and AST levels were highest at 28 and 35 dpi, and AST levels
dropped below the reference range at 49 dpi, the results indicated that
the liver function of rats infected with swine HEV could recover nat-
urally. ALT and AST are important serum enzymes that can sensitively
reflect liver cell damage and the degree of injury. Hepatocyte damage is
the main reason for an elevation in ALT and AST. Serum ALT is sensitive
to all kinds of acute viral hepatitis and drugs or alcohol-induced liver
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FIGURE 8 Partial histological lesions in organs of rats from Group 2. No significant pathological changes were found in the heart, liver, spleen,
lung and kidney. a, b, ¢, d, e and f are heart, liver, lung, spleen, liver and kidney lesions at the research stage, respectively. HE. 100 x

FIGURE 9 Partial histological lesions in organs of rats from Group 3. No significant pathological changes were found in the heart, liver, spleen,
lung and kidney. a, b, ¢, d, e and f are heart, liver, liver, spleen, lungs and kidney lesions at the research stage, respectively. HE. 100 x

cell injury. ALT rises sharply before clinical symptoms, such as jaun-
dice and AST, increase. However, an elevation in AST is not as appro-
priate as an elevation in ALT (Wang, 2005). The changes in ALT and
AST in this study showed that the hepatocytes of the rats that were
inoculated with porcine HEV faecal suspension were damaged, prob-
ably due to the viral hepatitis, which is inconsistent with the changes
in ALT and AST in the serum of SD rats that were infected with HEV
genotype IV by (Gong et al., 2012). The main reason for the differences
may be different inoculation doses or physical conditions of the rats.
Slight histological changes were observed after viral infection, but ALT
and AST levels in Groups 1, 2 and 3 rats were within the reference
range. This may be due to the weak pathogenicity of the HEV virus, in
which most animal infections are sub-clinical; in the SHEV rat infection
model, organs other than the liver do not show significant lesions and
the pathological changes in the liver are also mild, indicating the low
pathogenicity of the SHEV rat model. The result is consistent with Li(JT

L, 2014). In this study, the levels of ALP in the rats of the three groups
exceeded the reference range; therefore, this part of the experimen-
tal data was not worth analysing. ALP was generally higher than the
reference range due to two potential factors: a physiological increase
and a pathological increase. All the rats in this study were SPF rats
and a pathological increase was, therefore, not considered, suggesting
apotential physiological cause (Nicole et al., 2007). The rats weight was
approximately 80 g at the start of this study and the rats gained weight
quickly during the research stage. At this stage, the rats were in a phys-
iological period of skeletal development, which may cause ALP to be
higher than the reference level even at O dpi.

Under light microscopy, the lesions in each tissue were relatively
slight and were relatively serious at 49 dpi. A small amount of hep-
atocyte degeneration could be seen in the liver of some animals in
this experiment, which may have been caused by incomplete fast-
ing and excessive hepatic glycogen in the liver before necropsy.
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The vacuolar degeneration of hepatocytes and neutrophil infiltration
in the liver sinusoids may be related to environmental factors such as
hypoxia. Certain pathological changes, such as hepatocellular necrosis,
are considered chronic hepatitis symptoms and may be related to HEV
infection. There are many enzymes in the liver including RNase. In the
early stage of infection, the virus number is greatly increased, but some
of the RNAis degraded by RNase, and therefore, only a small amount of
RNA can be detected in the liver in the initial stage. In the middle and
late stages of infection, the enzyme will degrade a large amount of RNA,
and at these time points, the liver has developed an immune response
due to the viral infection along with other pathological changes. At this
time, the liver has accumulated much pathological damage and the pro-
cess is irreversible. Therefore, RNA is not detected in the middle and
late stages of infection, but pathological changes are readily observed
due to hepatitis. The splenic lymphocyte counts in certain animals in
this study were reduced, and a small amount of neutrophilic infiltration
inthe red pulp may be caused by environmental factors, such as a stress
response, which result in changes in the immune function of the ani-
mals and is not related to inoculation. Certain animals had slight bleed-
ing in the lung tissue, which may have been caused by improper dis-
section. The lung interstitium was slightly widened and a small amount
of inflammatory cell infiltrate was observed, which was not related to
HEV challenge. In the kidney tissue of some animals, occasional cyto-
plasmic staining of tubular epithelial cells was observed and a small
number of cells were detached, which may be due to artefacts caused
by tissue fixation and the production process. New capillaries were
produced in the kidney interstitium, likely due to differences in indi-
vidual animals. In summary, after inoculation with a swine HEV faecal
suspension in SD rats, only the liver showed pathological changes of
chronic hepatitis, and other tissues did not show obvious lesions at dif-
ferent stages due to HEV challenge.

In conclusions, the positive rate of HEV RNA in faeces and tissues
and organs indicated that SHEV-4 was successfully infected by intra-
peritoneal injection in rats. After infection, the excretion of virus with
faeces in rats was delayed, and the production time of HEV antibody
was longer, and the level of ALT and AST showed a trend of increasing
at first and then decreasing. Furthermore, we detected HEV RNA in the
brain of rats infected with SHEV-4 for the first time, suggesting that
SHEV-4 may infect the nervous system of rats. This is of great signifi-
cance for the study of the mechanism of HEV infection and the damage

effect on the body.
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