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			ABSTRACT

		

		
			Hepatitis E virus (HEV) infection is a major potential public health problem in the world. HEV is also highly endemic in China. However, information is lackingon the prevalence of HEV infection in swine in Tibet of China, where raw pork and mixedfarming of different species of domestic animals are consumed traditionally.In this study, 173 serum samples of Tibetan swine were tested for anti-HEV IgM and IgG antibodies by the ELISA. HEV RNA were measured in feces (n=173), serum (n=173) and tissue ((including liver, spleen, kidney and intestine, n=21) by nested RT-PCR and qRT-PCR. HEV antigens were detected in tissues by immunohistochemistry analysis. Overall, we found that that eight serum samples (4.6%, 8/173) were positive toanti-HEV IgM antibody and Seventeen serum sample (9.8%, 17/173) were positive for anti-HEV IgG antibody. The HEV RNA positive rate was of 4.6% (8/173) in feces and serum. Moreover, the prevalence of HEV RNA was 9.5% (2/21) in swine liver, 4.8% (1/21) in swine spleen, 9.5%(2/21) in swine kidney, 4.8% (1/21) in swine intestine and 14.3% (3/21) in swine pork. HEVantigens were abundantly observed in the portal of liver, medulla of spleen, glomeruli of kidney andvilli of intestine of HEV infected swine. In conclusion, HEV was prevalent with high rate in swine population in Tibet province.
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			Introduction

			Hepatitis E virus (HEV) is a member of the family Hepeviridae within the genus Orthohepevirus (Aggarwal and Jameel, 2011; Kamar et al., 2012), with a 7.2-kb positive-sense RNA genome encoding three opening reading frames (ORFs) (Panda et al., 2007). Orthohepevirus A is classified into eight main genotypes (HEV 1-8) (Guerra et al., 2017), which genotypes 1 and 2 only infect humans and are mainly responsible for large waterborne outbreaks in developing countries (Lee et al., 2015), Genotype 3 and 4 are autochthonous in industrialized countries, which are zoonotic and is associated with sporadic. The Genotype 5 and 6 are isolated from wild boars in Japan (Takahashi et al., 2011). Genotype 7 and 8 are isolated from camel in Japan, which also can be transmitted to humans (Lee et al., 2016).

			HEV is the causal agent of an acute self-limiting hepatitis in humans (Aggarwal, 2011), and caused more than 20 million people infection in the world (Rein et al., 2012). Moreover, HEV infection is associated with particularly high mortality rates in pregnant women up to 20-30% (Mushahwar, 2008). HEV has been recognized as a zoonotic disease, which is mainly transmitted via fecal-oral route, contaminated water, unhygienic food supplies and direct contact with the infected animals (El-Tras et al., 2013). HEV poses an important public health concern with cases of the disease definitively linked to handling of infected pigs, consumption of raw and undercooked animal meats, and animal manure contamination of drinking or irrigation water (Aggarwal et al., 2000; Meng, 2010).

			The consumption of game meat has been identified as a factor associated with autochthonous HEV infection. Consumption of undercooked or raw organs or tissues from infected swine has been linked to numerous cases of hepatitis E worldwide (Miyashita et al., 2012; Moor et al., 2018; Yazaki et al., 2003). For example, the consumption of undercooked or raw pork in barbeque restaurant (Miyashita et al., 2012), the consumption of raw wild boar bile juice (Sonoda et al., 2004), the consumption of sausage (Corsican raw pig liver dish) (Christou and Kosmidou, 2013), also the consumption of undercooked or raw meat of boar (Li et al., 2005), deer (Tei et al., 2004) and camel (Lee et al., 2016) are identifying a positive association with hepatitis E infection. Recently, Zhang et al. (2017) demonstrated the presence of autochthonous HEV among people (39.33%, 236/600) and pigs (42.38%, 192/453) in Tibet, China through detecting the anti-HEV IgG.

			However, the prevalence of HEV in swine was rarely reported in the Tibet, where mixed farming of domestic animals is a common and most studies related to HEV infection in these animals were restricted to serological surveys. Here, we aimed to assess the prevalence of HEV in swine by investigating HEV RNA in feces, serum, tissues, and anti-HEV IgG/IgM in serum and HEV antigen in tissues.

			Materials and methods

			Sample collection

			In this study, the feces and serum sample (n=173, age= 1±0.2 years) were collected from the two cities in Tibet, among which. The 100 sample were collected from Milin city (male, n=84, female, n=16,) and the other 73 samples were collected from Linzhi city (male, n= 51, female n=22). These 173 samples also contained 21 tissues including liver (n=21), spleen (n=21), kidney (n=21), intestine (n=21), and pork (n=21). The samples were stored at -80°C until use. Tissues were fixed in 10% neutral buffered formalin or stored at -80°C. These samples were collected under permission of the local government.

			Determination of anti-HEV antibodies

			Serum samples were tested for the presence of HEV-specific IgG and IgM antibodies by using commercial ELISA kits (Wantai, China) according to the manufacturer’s instructions. 

			Detection of HEV RNA

			Stool specimens were suspended at 10% w/v in phosphate-buffered saline (PBS; pH7.4), containing 0.01% diethyl pyrocarbonate (DEPC), and centrifuged at 12000×g for 10 min. Tissue samples were homogenized grinded by liquid nitrogen. Total RNA was extracted from the stool supernatant, serum and tissue homogenate, respectively, using TRIzol® reagent (Invitrogen, USA) according to the manufacturer’s instructions. Reverse transcription (RT) was performed using a reverse transcriptase kit (AMV, Takara, Japan) according to the manufacturer’s directions. A 348 nt amplicon from HEV ORF2 was amplified by RT-nested PCR as described previously (Huang et al., 2002).

			Viral titer quantification by quantitative real-time PCR

			The viral titer of HEV in serum, feces and tissues was quantified using SYBR green-based quantitative RT-PCR (qRT-PCR) with HEV-specific primers as described previously (Huang et al., 2002, 2016).

			Immunohistochemistry analysis

			Tissue samples were fixed in 10% neutral buffered formalin, embedded in paraffin and cut into 3μm serial sections. For immunohistochemistry, tissues were deparaffinated, hydrated, water bath-heated for antigen retrieval and blocked with the addition of 3% hydrogen peroxide for 15 min. Sections were then incubated overnight at 4°C with a 1:125 dilution of mouse anti-Hepatitis E monoclonal antibody (Millipore; MAB8003, USA), washed with PBS and stained for visualization incubated 1 h at 37°C with HRP-labelled secondary antibody (Abcom; ab6789, USA). The reaction was visualized using DAB as chromogen. The slides were sealed with neutral balsam, inspected, and photographed under a microscope.

			Phylogenetic analysis

			The nucleotide sequences of the amplified PCR products and prototypes of different genotypes of HEV strains were aligned using the MEGA5.1 program. The genomic sequences of prototype HEV strains were then obtained from the GenBank database. The standard classification of HEV genotypes and subtypes were based from previous studies (Smith et al., 2014, 2016). Phylogenetic tree based on the HEV ORF2 partial sequences (348 bp) generated using the Neighbor-Joining method (1000 bootstrap replicates) of the MEGA 5.1 program. The identity between the nucleotide sequences was calculated using the MegAlign program (DNA star package version 5.03), according to the previous studies (Smith et al., 2014, 2016).

			Statistical analysis

			Data are presented as mean ± SD. Statistical analysis was performed using GraphPad Prism software and P values were calculated using Student’s t-test to determine the significance of differences between two or more groups, with a 0.05 level of probability (P<0.05) considered statistically significant.

			Results

			Seroprevalence of HEV in Tibetan swine

			To investigate the seroprevalence of HEV in Tibetan swine, serum was collected to test the anti-HEV antibody. Eight serum samples (4.6%, 8/173) were positive for HEV IgM antibody and seventeen serum sample (9.83%, 17/173) were positive for HEV IgG antibody (Fig.1A), which was significantly lower than the seroprevalence of swine in Xinjiang (84.6%, 66/78) (Fu et al., 2010) and in India (38.8%, 26/67) (Begum et al., 2010).

			We also found that the prevalence rate of anti-HEV IgM and IgG antibodies were different in the two regions. In Milin city, the prevalence rate of anti-HEV IgM antibody was 5.0% (5/100) (male was 4.7%, 4/84, female was 6.2%, 1/16, p=1.0), but the prevalence rate of anti-HEV IgM antibody was 4.1% (3/73) in Linzhi city (male was 3.9%, 1/52, female was 4.5%, 1/22, p=0.5) (Fig.1B). Moreover, the prevalence rate of anti-HEV IgG antibody was 11.0% (11/100) in Milin city (male was 10.7%, 9/84, female was 12.5%, 2/16, p=1.0), the prevalence rate of anti-HEV IgM antibody was 8.2% (6/73) in Linzhi city (male was 7.8%, 4/52, female was 9.1%, 2/22, p=1.0) (Fig.1B). Of note, there is no significant difference in the positive rate of anti-HEV IgM and IgG antibodies in gender between the two cities (p>0.05).
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			Fig. 1. Seroprevalence of HEV in Tibetan swine. A, the positive rate of anti-HEV IgM and IgG antibodies in serum of Tibetan swine, China; B, the different of anti-HEV IgM antibody and anti-HEV IgG antibody positive rate between the gender in two cities; C, the different of anti-HEV IgG antibody positive rate between the gender in two cities.

			Detection of HEV RNA in Tibetan swine feces, serum, tissues

			At the same time, we also measured the prevalence of HEV RNA in swine feces and serum samples. Results indicated that the HEV RNA positive rate was up to 4.6% (8/173) in feces and serum (Fig.2A). The positive rate of HEV RNA was 5.0% (5/100) in feces and serum in Milin city (male was 4.7%, 4/84, female was 6.2%, 1/16, p=1.0), while the positive rate of HEV RNA was 4.1% (3/73) in feces and serum in Linzhi city (male was 3.9%, 1/52, female was 4.5%, 1/22, p=0.5), which was consistent with the anti-HEV IgM antibody, and the HEV RNA positive rate also has no significant difference in gender between the two cities (Fig.2B). At addition, those result consisted with the study by Li et al. (2011) reported, but are lower than swine in Yunnan province 7.8% (20/256) (Shu et al., 2014), 8.3% (5/60) (Li et al., 2011), in India 8.7% (14/160) (Bansal et al., 2017).
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			Fig. 2. Prevalence of HEV infection in Tibetan swine. A, the positive rate of HEV RNA in feces and serum samples of Tibetan swine, China; B, the different of HEV RNA positive rate in feces and serum between the gender in two cities; C, the virus titer in feces and serum of Tibetan pigs, China. Unit for feces samples, copies/g; Unit for serum samples, copies/ml.

			Meanwhile, we found the HEV titers were difference in feces and serum, the viral titer up to 1.3×105±9.7×104copies/g in feces, but the viral titer is higher in serum than that in the feces which was up to 6.4×106±2.1×106 copies/ml (Fig.2C).

			Moreover, we also found that the HEV RNA positive rate was 9.5% (2/21) in swine liver, 4.8% (1/21) in swine spleen, 9.5% (2/21) in swine kidney, 4.8% (1/21) in swine intestine and 14.3% (3/21) in swine pork (Fig.3A). Because of the limited samples, some percentages might only be of relative significance. Those results are different with the pork products in Yunnan province, which reported that the HEV RNA positive rate up to 8.3% in liver, 33.3% in spleen, 18.7% in intestine and 33.3% in pork (Hao et al., 2018). At addition, the HEV title was also detected in swine tissue, the virus titer was 5.7×105 copies/g in liver, 5.1×105 copies/g in spleen, 2.1×105 copies/g in kidney, 3.1×105 copies/g in intestine and 5.0×105 copies/g in pork (Fig.3B).

			HEV antigens in the liver, spleen, kidney and intestine of Tibetan swine

			Consumption of raw or undercooked meat has been confirmed to be associated with HEV infection (Christou and Kosmidou, 2013; Li et al., 2005; Miyashita et al., 2012; Tei et al., 2004). In this study, HEV antigens were abundantly observed in the portal of liver, medulla of spleen, glomeruli of kidney and villi of intestine in HEV infected swine, which clearly demonstrated the risk of HEV infection (Fig.4). 

			High homology of swine HEV with human HEV and swine HEV strains

			Homology analysis indicated that the HEV isolates from the tested pork products was genotype 4 HEV based on partial ORF2 sequences (348 bp). Moreover, these HEV strains shared high similarity of homology (99%-100%) with the human HEV and swine HEV strain, which was suggested that maybe the swine strain is source of infection of human HEV.
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			Fig. 3. HEV infection in swine tissues. A, the positive rate of HEV RNA in tissue of Tibetan swine, China. B, the virus titer in tissue of Tibetan pigs, China. Unit for tissue samples, copies/g.
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			Fig. 4. Immunohistochemical analyses of swine tissue. Immunohistochemical analyses (IHC) for HEV antigens in tissue samples of Tibetan swine (400×), including liver, spleen, intestine and kidney.

			Discussion

			HEV represents a significant health problem, especially in the developing countries like China (Jia et al., 2014). Zoonotic transmission of HEV has been firmly confirmed from swine, cow or camel to human or non-human primate by raw or uncooked meat or milk (Berto et al., 2012; Lee et al., 2016; Sonoda et al., 2004). However, limited information on HEV infection in highland inhabitants (Tibet, average elevation > 3000m) in China is available. Whether the Tibetan swine are susceptive of HEV is unclear?

			In this study, the high positive rate of anti-HEV IgM and IgG antibodies were found in serum of Tibet swine, and the two studied cities showed no significant difference in HEV prevalence, which suggested that the HEV infection are popular in Tibet that was further confirmed by the high positive rate of HEV RNA in feces and serum.

			Foodborne cases of hepatitis E in humans are increasingly common and likely underestimated in the medical community (Nan et al., 2017; Okano et al., 2014). Sporadic and cluster cases of hepatitis E occur after consumption of undercooked or raw animal meats (Okano et al., 2014; Tei et al., 2003). In this study, beside liver, HEV RNA and HEV antigens were also detected in several tissues including spleen, kidney, intestine and pork with higher titer than feces, which also reflected the extra-hepatic sites of HEV replication and indicated the high risk of consuming undercooked or raw swine. More importantly, raw pork consumption is popular and traditional in these regions. Thus, more attention should be paid to fully assess the impact of HEV infection on local people and effective measures should be taken to control the spread of HEV.

			Conclusions

			The high prevalence of anti-HEV IgM and IgG antibodies, HEV RNA and HEV antigens in swine samples collected in Tibet suggested HEV was prevalent in swine group in Tibet.
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and tissue ((including liver, spleen, kidney and intestine, n=21) by nested RT-PCR and qRT-PCR. HEVXZSISZ@MG&COHI

antigens were detected in tissues by immunohistochemistry analysis. Overall, we found that that eight0030_9923 /2020/0004-1563 $

serum samples (4.6%, 8/173) were positive to anti-HEV IgM antibody and Seventeen serum sample

(9.8%, 17/173) were positive for anti-HEV IgG antibody. The HEV RNA positive rate was of 4.6%9'00/ 0

(8/173) in feces and serum. Moreover, the prevalence of HEV RNA was 9.5% (2/21) in swine liver, 4.8%Copyright 2020 Zoological Society
(1/21) in swine spleen, 9.5% (2/21) in swine kidney, 4.8% (1/21) in swine intestine and 14.3% (3/21) inof Pakistan

swine pork. HEV antigens were abundantly observed in the portal of liver, medulla of spleen, glomeruli

of kidney and villi of intestine of HEV infected swine. In conclusion, HEV was prevalent with high rate

in swine population in Tibet province.

INTRODUCTION

epatitis E virus (HEV) is a member of the family

Hepeviridae within the genus Orthohepevirus
(Aggarwal and Jameel, 2011; Kamar et al., 2012), with
a 7.2-kb positive-sense RNA genome encoding three
opening reading frames (ORFs) (Panda er al., 2007).
Orthohepevirus A is classified into eight main genotypes
(HEV 1-8) (Guerra et al., 2017), which genotypes 1
and 2 only infect humans and are mainly responsible
for large waterborne outbreaks in developing countries
(Lee et al., 2015), Genotype 3 and 4 are autochthonous
in industrialized countries, which are zoonotic and is
associated with sporadic. The Genotype 5 and 6 are
isolated from wild boars in Japan (Takahashi et al., 2011).
Genotype 7 and 8 are isolated from camel in Japan, which
also can be transmitted to humans (Lee ef al., 2016).

HEV is the causal agent of an acute self-limiting
hepatitis in humans (Aggarwal, 2011), and caused more
than 20 million people infection in the world (Rein et
al., 2012). Moreover, HEV infection is associated with
particularly high mortality rates in pregnant women up to
20-30% (Mushahwar, 2008). HEV has been recognized as
a zoonotic disease, which is mainly transmitted via fecal-
oral route, contaminated water, unhygienic food supplies
and direct contact with the infected animals (El-Tras et
al., 2013). HEV poses an important public health concern

with cases of the disease definitively linked to handling of
infected pigs, consumption of raw and undercooked animal
meats, and animal manure contamination of drinking or
irrigation water (Aggarwal et al., 2000; Meng, 2010).

The consumption of game meat has been identified
as a factor associated with autochthonous HEV infection.
Consumption of undercooked or raw organs or tissues
from infected swine has been linked to numerous cases of
hepatitis E worldwide (Miyashita et al., 2012; Moor et al.,
2018; Yazaki et al., 2003). For example, the consumption
of undercooked or raw pork in barbeque restaurant
(Miyashita et al., 2012), the consumption of raw wild boar
bile juice (Sonoda et al., 2004), the consumption of sausage
(Corsican raw pig liver dish) (Christou and Kosmidou,
2013), also the consumption of undercooked or raw meat
of boar (Li ef al., 2005), deer (Tei ef al., 2004) and camel
(Lee et al., 2016) are identifying a positive association
with hepatitis E infection. Recently, Zhang ef al. (2017)
demonstrated the presence of autochthonous HEV among
people (39.33%, 236/600) and pigs (42.38%, 192/453) in
Tibet, China through detecting the anti-HEV IgG.

However, the prevalence of HEV in swine was rarely
reported in the Tibet, where mixed farming of domestic
animals is a common and most studies related to HEV
infection in these animals were restricted to serological
surveys. Here, we aimed to assess the prevalence of HEV
in swine by investigating HEV RNA in feces, serum,
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