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Hepatitis E Virus (HEV)

Milestones

 1983, Balayan MS: Demonstration of 

enterically transmitted non-A non-B 

hepatitis (ET-NANBH). 

 1990, Reyes GR: Cloning and 

sequencing of HEV genome.

 1998, Meng XJ: Identify the first HEV 

strain of animal origin (Swine HEV) ; 

Zoonosis.

 2004, ICTV: HEV was classified in the 

new genus Hepevirus in the family 

Hepeviridae. 

 2010, China: The world’s first 

recombinant hepatitis E vaccine.

 2012, Emerson SU: Adaptation of a 

Genotype 3 Hepatitis E Virus  to 

Efficient Growth in Cell Culture

Characteristics

 Faecal-oral transmission: primarily 

through contaminated water and 

undercooked pork.

 Self-limited disease: Fulminant form 

of Hepatitis E in few patients 

 High mortality (~20%) in pregnant 

woman ? 1~3%;

 Chronic hepatitis and cirrhosis in 

immunocompromised patients (SOT 

and HIV patients)

 Poor prognosis in patients with 

chronic liver diseases and HEV 

superinfection: Most cases of severe 

HEV represent ―acute on chronic‖
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HEV: Virology

Aggarwal R et al, Hepatology. 2011

Positive sense, single-stranded RNA non-enveloped virus

HEV genome ~7.2kb, 3 ORFs

Virion: 32~34nm icosahedral,
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Kamar N et al. Lancet .2012

Genotype and distribution



HEV: Epidemiology in China

Northeast China

Human: 1a, 4a*, 4b, 4c, 4g*

Swine: 4a*, 4b, 4d, 4g*, 4n

North China

Human: 1a, 4a*, 4b, 4d*, 

4h 

Swine: 4a*, 4d

East China

Human: 1a, 3b, 4a*, 4b, 4c, 

4d, 4e, 4h*, 4n 

Swine: 3b, 4a*, 4b, 4d, 4h*, 4n

Central China

Human: 1a*, 4b* 

Swine: 3b, 4a, 4b, 4n*

South China

Human: 1a, 4a, 4b*

Swine: 4a, 4b*

Northwest China

Human: 1a*, 4a

Swine: 4a, 4b, 4d*, 4n

Southwest 

China

Human: 1a
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Temporal distribution of genotypes of human HEV isolates in Mainland China (1986-2011)

Liu P et al. Infection, Genetics and Evolution.2012
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Data from China CDC

Incidence of hepatitis E in China

Liu P et al. Infection, Genetics and Evolution.2012



Human HEV (G1, G2, G3, G4)

G3

G3, G4 G3, G4

HEV: Zoonosis and animal reservoirs

Rabbit HEV

 First isolated 

from China in 

2009;

7Out-group



Nation Area Year Rabbit Species
Sample for 

detection

Anti-HEV 

antibody (%)

HEV RNA 

(%)

China

Gansu 2009 Rex Serum 57.30 7.50

Beijing 2010 Rex Serum/feces 54.62 6.96

Jilin 2011 Rex Serum 9.42 0.00

Beijing 2011 New Zealand White Serum 42.10 1.90

Hebei 2011 Rex Serum 7.30 1.30

Shanxi 2011
Japanese White, 

Chinchilla
Serum 7.70 1.90

Hubei 2011 Rex Serum 53.40 11.60

Zhejiang 2011 Rex Serum 10.70 0.00

Guangxi 2011 Rex Serum 3.03 0.00

Inner

Mongolia
2012 Rex Serum 57.30 71.60

USA Virginia 2011

Californian, 

Flemish, Lop, Mini 

Rex, New Zealand, 

Salitan, etc

Serum/feces 36.50 22.00

France
Western 

France
2012 Farmed, Wild

Bile (farmed),

Liver   tissue(Wild)
Un-detected

7.00(farmed)

23.00(wild)8

The epidemiology of rabbit HEV around the world

Liu L et al. Ｃｈｉｎ Ｊ Ｖｉｒａｌ Ｄｉｓ，２０１４



The rabbit HEV 

isolate from fecal 

samples with the 

detection rate of 

HEV RNA was 

6.96%.

9

Geng JB et al. JVH. 2010

http://image.baidu.com/i?ct=503316480&z=0&tn=baiduimagedetail&word=%CD%C3%D7%D3&in=26257&cl=2&lm=-1&pn=21&rn=1&di=47998850355&ln=2000&fr=&fm=index&fmq=1322728744171_R&ic=&s=0&se=&sme=0&tab=&width=&height=&face=&is=&istype=2
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TABLE 3. Specific amino acid substitutions in the ORF2 region among  2 

different HEV genotypes 3 
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Conserved amino acids and their sites* 
Group Genotype 

Sample 

number 19 105 131 497 506 511 613 

HEV-1 20 P A H S V S A Nonzoono- 

tic 

group 
HEV-2 1 P A H S V S A 

HEV-3 30 A S P T M T G Zoonotic 

group HEV-4 36 A S P T M T G 

Rabbit 

HEV 

Novel 

genotype 
3 A/V S P T M T G 

Geng JB et al. Infect Genet Evol. 2011
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Phylogenetic analysis of the full genome of rabbit hepatitis E virus (rbHEV) & 

molecular biologic study on the possibility of 

cross species transmission of rbHEV 



Pathogenecity of Hepatitis E Virus from Rabbits
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Hepatitis E virus 

and neurologic 

disorders

Kamar N,et al. 

Emerg Infect Dis. 

2011



Extrahepatic Replication of HEV in Experimentally

Infected Rabbits

PBS

Liu P et al, Emerg Infect Dis 2013; Han J et al, Plos one 2014.

Liver, kidney, small intestine, spleen, stomach, heart, brain, bladder and lungLiver, stomach, small intestine, kidney, spleen, heart, brain, bladder and lung

(+) and (-) HEV RNA

Negative Control Stomach Small intestine Kidney
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Virus Stock

104 GE/ml

Cross-Species Infection?

Feces diluted in 

PBS and filtered

2ml Virus stock 

(i.v.)

Adaptive Mutations?

Experimental Infection of Monkeys with Rabbit HEV 

 Prior to inoculation: Anti-HEV antibodies and HEV RNA were negative，ALT 

were normal (0-40 U/L);

 Sample Collection: Blood and  Feces (twice a week), monitor for 16 weeks；

 ALT in serum: Hepatitis (≥twice the pre-challenge ALT)；
13

cynomolgus 

macaques



Cross-species  transmission of HEV to cynomolgus macaques

Comparing 

the complete 

genome 

sequence of 

HEV passed 

in the 

monkys with 

that of the 

inoculum

showed 

99.8% 

nucleotide 

identity.

Liu P et al, Emerg Infect Dis 2013
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Pathogenesis study of rHEV: Chronicity

SPF Rabbits Infected with Rabbit Hepatitis E Virus Isolate

Experimentally Showing the Chronicity of Hepatitis

Inoculating a 

homologous rabbit 

HEV isolate(Group 2 

including 4 rabbits

R1—R4)

Inoculating a 

heterologous swine 

HEV isolate (Group 3 

including 4 rabbits 

S1—S4)

Group 1 was 

control including 

2 rabbits 

inoculating with 

PBS, C1&C2.

sHEV
rHEV

PBS 



16

Pathogenesis study of rHEV: Chronicity

Figure 1. Dynamic seroconversion of anti-HEV, HEV RNA,ALT and AST observed in rabbits.

Rabbit C1 in group 1 inoculated with sterile PBS. 



17

Figure 2. Dynamic seroconversion of anti-HEV, HEV RNA,ALT and AST observed in rabbits.

Rabbit R3 in group 2 1inoculated with rabbit HEV strain. 

Pathogenesis study of rHEV: Chronicity
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正常对照

正常对照

阴性对照

Pathogenesis study of rHEV: Chronicity

Figure 3. Liver histology. 

A–D (H & E stain, original magnification, 610), 

E–G (Masson’s trichrome stain, 610), 

H–I (Immunohistochemistry, 640). 

(A) Liver section from a control rabbit with no visible 

pathological signs of HEV infection. 

(B)-(C) Lymphocytes distributed focal or scattered in 

hepatic lobule, the inflammatory cells gathered 

along blood vessel walls.

(D) Chronic inflammatory cells infiltrate the portal 

area, blood vessel walls thickening associated 

with fibrosis, local hyaline degeneration. 

(E) No histopathological changes with minimal 

staining limited to areas immediately adjacent to 

portal structures. 

(F) Artery wall thickening associated with moderate to 

severe fibrosis.

(G) More advanced portal and periportal fibrosis with 

short fibrous septa. 

(H) Negative immunohistochemistry result for HEV 

antigen in liver sections from the control rabbits.

(I) Positive results for HEV antigen in liver sections of 

experimental groups.
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Figure 4. Dynamic seroconversion of anti-HEV, HEV RNA,ALT and AST observed in rabbits. 

Rabbit S4 in group 3 inoculated with a genotype 4 swine HEV at 0wpi, and rabbit HEV at 25wpi.

Note:    indicates group 3 rabbits were inoculated with rabbit HEV strain at 25wpi (when recovered 

from initial infection).

Pathogenesis study of rHEV: Chronicity
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Table 1. Detection of HEV RNA in fecal/serum samples collected

weekly from rabbits.

Group Rabbit ID

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1a C1  -/-    -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-

C2  -/-    -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-

2b R1  -/-   +/-   +/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   -/-   -/-   +/-   +/-   +/-   +/-   +/+   -/-   +/-   +/-   +/-   +/-   N/N   N/N   N/N   N/N   N/N

R2  -/-   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/-   +/+   +/-   +/+   +/+   +/-   +/-   N/N

R3  -/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/+   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/+   +/+   +/+   +/+   +/+   +/+   +/+   +/+   +/+   +/+   +/-   +/-   +/-   +/-   N/N   N/N

R4  -/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   -/-   +/-   -/-   +/-   -/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/+   +/+   +/-   +/-   +/-

3c S1  -/-    -/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   +/-   -/-   -/-   +/-   +/-   -/-   +/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-

S2  -/-   +/-   -/-   +/-   -/-   +/-   -/-   +/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   +/-   +/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   +/-   +/-

S3  -/-   +/+   +/-   +/-   +/-   -/-   +/-   -/-   +/-   +/-   -/-   +/-   +/-   +/-   +/-   +/-   -/-   +/-   -/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   +/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-

S4  -/-    -/-   +/-   +/-   +/-   +/-   +/+   +/-   +/-   +/-   +/-   +/-   -/-   +/-   +/-   -/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   +/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-   -/-

Positive(+) or Negative(-) in Fecal/Serum Samples at Indicated Wpi

PBS

sHEV 

rHEV 

Pathogenesis study of rHEV: Chronicity
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阴性对照

正常对照

正常对照

脑

肾 十二指肠

胃

十二指肠
肾

HEV Replication in Extrahepatic Tissue of Infected Rabbits

Figure 5. Extrahepatic tissue histology. 

A–E (Immunohistochemistry, 640), 

F–I (H & E stain 610). 

(A)Negative immunohistochemistry result for 

HEV antigen in extrahepatic tissue 

sections from the control rabbits. 

(B)–(E) Positive results for HEV antigen in 

brain, stomach, duodenum and kidney. 

(F) Duodenum section from a control rabbit 

with no visible pathological signs of 

inflammation. 

(G) A large number of lymphocytes infiltrate 

mucosal interstitial, focal lymph follicles 

formed in duodenum sections. 

(H) Kidney section from a control rabbit with 

no visible pathological signs of HEV 

infection. 

(I) Multifocal lymphocytes and mononuclear 

cells infiltrate in renal interstitial.
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Summary 
In summary, on rabbit HEV study, our group has provided the first 

experimental evidences on the following aspects:  

 6.96% detection rate of HEV RNA amongst rabbit fecal samples meaning  

another important reservoir of HEV 

Phylogenetic analysis of the whole genome showing the potential possibility 

of rabbit HEV cross-species transmission. 

Rabbit HEV transmissible to cynomolgus macaques suggesting that rabbits 

may be a new source of human HEV infection

SPF rabbits experimentally infected with a homologous

rabbit HEV isolate developed signs of chronic hepatitis

providing the laboratory evidence of chronic hepatitis E

Both positive and negative-stranded HEV RNA and

HEV antigen expression detected in extrahepatic

tissues indicating the existence of HEV replication 

in many tissues in addition to the liver

 Based on our studies, Rabbit HEV possesses strong pathogenecity and    

possibility to infect human, and rabbit can be used as animal model to

further investigate HEV.
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