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Hepatitis E Virus (HEV)

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”

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 2



HEV: Virology

Positive sense, single-stranded RNA non-enveloped virus
HEV genome ~7.2kb, 3 ORFs
Virion: 32~34nm icosahedral,

Genomic RNA
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Genotype and distribution
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HEV: Epidemiology in China

Temporal distribution of genotypes of human HEV isolates in Mainland China (1986-2011)

Northeast China
Human: 1a, 4a*, 4b, 4c, 49*
Swine: 4a*, 4b, 4d, 4g*, 4n

Northwest China
Human: 1a*, 4a
Swine: 4a, 4b, 4d*, 4n

North China
Human: la, 4a*, 4b, 4d*,

Central China
Human: la*, 4b*
Swine: 3b, 4a, 4b, 4n*

East China
Human: 1a, 3b, 4a*, 4b, 4c,
4d, 4e, 4h*, 4n
Swine: 3b, 4a*, 4b, 4d, 4h*, 4n

Southwest
China
Human: 1a

South China
Human: 1a, 4a, 4b*
Swine: 4a, 4b*

*
<

Liu P et al. Infection, Genetics and Evolution.2012
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HEV: Zoonosis and animal reservoirs

Human H

BARK-BAE

> First isolated
from China in
2009;




The epidemiology of rabbit HEV around the world

: : : Sample for Anti-HEV HEV RNA
Nation  Area Year Rabbit Species detection antibody (%) (%)
Gansu 2009 Rex Serum 57.30 0
Beijing 2010 Rex Serum/feces 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  “apanese White, Serum 7.70 1.90
Chinchilla
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 5012 Rex Serum 57.30 71.60
Mongolia
Californian,
o Flemish, Lop, Mini @
USA| Virginia 2011 o SN0 o ang, Serumfeces ‘
Salitan, etc
Western : Bile (farmed), ) 7.00(farmed)
France 202 Farmed, Wild ) oo tissueqwild) UM ICECd 53 aewild)

Liu L et al.

Chin J Viral Dis, 2014
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Study on prevalence and genotype of hepatitis E virus isolated
[rom Rex Rabbits in Beijing, China

J. Geng, L. Wang,* X. Wang, H. Fu, (. Bu, Y. Zhuo and H. Zhuang® Desrment of Mierdidsg, Pedng

Lintversity Harlih Selance Conter, Beiiing Ching

Hacetved February 2000 accepied for publioation March 2010

STAMARY. A nowel genotype of hepatitis E virus (HEV) Bo-
lkated from rabhits is reported. The aim of this sudy was to
confinn and further mvestigate the prevalénce of the novel
HEV gemotype in rabbits in China. Sera and Becal samples
weere ool kseted fromm Brmied rex rabbits in Befing, China. All
serum samples were lested for an@-HEV antihady by EIA
Bath the serum and the Decal samples were evahated for
detection of HEV BNA using a nested BT-PCR aszay. The
nuclentide sequences of rabbit HEV were then analysed, and
seueneca homaology of rabbit HEV compared against human
HEY genotypes 1-4, and avian HIY. Resaudis: The prévalnos
of pesitive serwn anti-HEY fan rex rabbits wad 54.62%
(BSA119). The detection raté of HEV BNA usng ORF2
primers was 6 96% (B/115) amangst rabbit Becal samples

Al sight amplicons shared 98 _3—100°% nucleatide homology
with each other and had identities of e, 73.9-
754, 77.5-8 1400, 74.2-7 6% and 54.5-57.6% with the
comespanding régons of genotypes 1-4 and avian HEV,
respectively. Phykpenstic analyss showed that the eight
segqu ences formed one indiddual branch and wers on the
same hranch with GICY and GIO46, both of which vere
reported to be a novel genatype of HEV isolated from rabbits.
The conchusion i that this study provides further mforma-
tm ahout HEV infecting rabhits, which may be a new ami-

mal host of HEV, as well as genetical evidence of a new
mammakian genotype of HEV.

Keywords mEhody, genotype, hepafitis E virus, rabbit.

INTRODUCTION

Hepatitis E virms (HIV) &8 a small, nonenveloped, single-
strand, pesitive-sense KNA vine that B transmitted via the
Becal-oral route, pranandly through contanmabed water
supplies. Cases in which HEV infction has been dentified
affer ingestion ofmest om HEV-infscted deer or swine have
bheen reparted, and the HEV saquen e Sal ated from the meat
lentical to ones that were isolasd Fam the patients,
definitively demonstrating woonotic tramsmision of HEV
[1.2]. HEW, which was prendously referred to ag an enteri-
cally ransmitted non-A, non-B hépafiti ving, # the caus-
ative agent of acute selFimited or Mubminant hepatitis Eand
& considerad to he endemic in many develping countries
whene ganitation cmdifms are suboptimal [3.4] A study

Abbreviations: HEV, hepatiss B viros RenPCR. nesed reverss
franseripaon polymerase chain reaction: (RF, open reading Same
ElA, enzpme Smmuno ssay.

{orrespondence: Ling Wang 38 Noeyuan Hoad, Haldan Disirict
Hefgmg 100191, Chena Bmal bngwan i bmedo;
shaanghemai | 2 feam

“Thess authors consbapad equally to this amscls

& 2010 Blackvwell Publishing Lid

slhovesd thiat hepatitis B acoounts for a dgmificant propartion
of emterically tramamitted frm of viral hepatitis i bumams
[5.6] mmd peest am irpartant public health problem in both
develaping countries and some indusidalied countries,
inchuding the Tnited States and several Buropeéan counbries
[7]. In epidemics, diteaie moarhidity mainly afects young
adulis, with a relatively high montality of up to 25% in
infscted pregnant women [EB].

HEY is clesified under the Banily Hepeviridae consiting
of four récognized major genotypes that infect humans and
other mmimals [U]. Genotypest 1 amd 2 HEV are restricted to
humans and are often amoaciated with large outhreaks and
epidemics in déveloping cunties with poar sanitation
conditions [10]. Genotypest 3 and 4 HEV infect bumans, g
and other andmial species and are responsible for sporadic
cases of hepatiti E in both developing and indus triafiwed
coumntries [11-13]. The avian HEV amociated with hepatiti-
aplenamegaly syndrome in chickens & genetically and anti-
genically relsted to mammalian IV and ikely represents a
meww gemus in the family [14.15]. Various species of amimalks,
such @i nov-buman rimates, rodents, swine, cows and
hoardes, have heen fund with a high prévaléence of anti-HEV
antibady since Meng [16] iolated HEV from swine in 1997,

The rabbit HEV
Isolate from fecal
samples with the
detection rate of
HEV RNA was
6.96%.

Geng JB et al. JVH. 2010
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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 roHEV

Tahle 4
Specilic amino aid substitutions in the ORF] region among 94 HEY ol ates lorm different genalypes.
G Genotype  Conderved aming scids and their sites®
40 62 83 581 T08-TI6 931 1061 1151 1256 1287 1298 1438 1445 1454 1573 1578
Nonroonotic group  HEV- H F 5 K VIAVS L A 5 F L v A Q 1] E P
HE-2 H F 5 K ITDTP L A 5 F L ¥ A Q 1] E P
Zivonotic group HEV-3 E L A ¥ SGFESIFSF P 5 A Y M L E P E 1] k
HEV-4 E L A ¥ SGFESCFSF P 5 A ki M L E P E 1] k
Fabbit HEV Kowltype R F A ¥ SGFESIFSF LIPS A YIF M L QP P EiG 1] k
4 The amindg i poditions are in sccordana with CHR-X5W13 (00119961
Table 5
Specilic amino aid substitutions in the ORF2 region among 94 HEY ol ates lorm different genalypes.
G Genaly pe Sampde muwmilee Conderved aming scids and their spes"
15 105 131 457 506 511 613
Han®aana e group HEW-1 21 P A H 5 L) 5 A
HEV-2 1 F A H 5 L) 5 A
Zivonotic group HEV-3 30 A 5 P T M T G
HEV-4 35 A 5 P T M T G
Ralbit HEY Miovel genoly pe E| Al g P T M T G

* The aming i poditiong ane in sooofdanda with COHRN-X]-5W13 (1198611

Geng JB et al. Infect Genet Evol. 2011 10



Pathogenecity of Hepatitis E Virus from Rabbits
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Extrahepatic Replication of HEV in Experimentally
Infected Rabbits

< /

Liver, stomach, small intestine, kidney, spleen, heart, brain, bladder and lung
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Liu P et al, Emerg Infect Dis 2013; Han J et al, Plos one 2014.



Experimental Infection of Monkeys with Rabbit HEV

Feces diluted in
PBS and filterec

24
Virus Stock
104 GE/ml

Adaptive Mutations? cynomolgus
macaques

[0 Priortoinoculation: 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;

13
ALT in serum: Hepatitis (2twice the pre-challenge ALT);




Cross-species transmission of HEV to cynomolgus macaques
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Pathogenesis study of rHEV: Chronicity

SPF Rabbits Infected with Rabbit Hepatitis E Virus Isolate
Experimentally Showing the Chronicity of Hepatitis

“\.\‘ hy-

A -_—"...—b

R

Inoculating a
homologous rabbit
HEYV isolate(Group 2
including 4 rabbits

R1—R4)

Group 1 was
control including
2 rabbits
inoculating with
PBS, C1&C2.

iy

'/ 7 @
X

SHEV

Inoculating a
heterologous swine
HEV isolate (Group 3
including 4 rabbits

S1—S4)
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Pathogenesis study of rHEV: Chronicity

012345678 9101121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

SerumHEVRNA - - - - - - - - - - o o oo oLl e e e e e e

Fecal HEVRNA
70 -

60
50 t

ALT/AST, U/L

10 ¢

40 +
30t
20 L

0.404

012345678 910112131415161718 1920212223 24 25 26 27 28 29 30 31 32 33 34 35 36

Weeks postinoculation

——ALT —8-AST ——Anti-HEV antibody, S/CO

105

104

103

102

1041

Anti-HEVY antibody, S/CO

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

Rabbit C1 in group 1 inoculated with sterile PBS.
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Pathogenesis study of rHEV: Chronicity
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Weeks postinoculation

——ALT -#-AST —+Anti-HEV antibody, S/CO

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

Rabbit R3 in group 2 linoculated with rabbit HEV strain. 17



Pathogenesis study of rHEV: Chronicity
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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.

18



Pathogenesis study of rHEV: Chronicity

0123456738 9101121314151617 181920 2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36
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Weeks postinoculation

——ALT -®-AST —Anti-HEV antibody, SICO

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 Owpi, and rabbit HEV at 25wpi.

Note: Tindicates group 3 rabbits were inoculated with rabbit HEV strain at 25wpi (when recovered
from'initial infection). 19

Anti-HEY antibody, S/CO
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Table 1. Detection of HEV RNA in fecal/serum samples collected

weekly from rabbits.

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

(1) Multifocal lymphocytes and mononuclear
cells infiltrate in renal interstitial.

21



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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