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ABSTRACT In recent years, the avian hepatitis E
virus (HEV) has been widely spread in China, causing
huge economic losses. Several studies have carried out
detailed epidemiologic investigations of the avian HEV,
but no data were from Jiangxi province. Since early April
2020, diseases similar to hepatic rupture hemorrhage
syndrome caused by the avian HEV occurred in a Roman
Brown layer farm in Jiangxi province, indicating this
virus may also be epidemic there. To make this
assumption clear, 20 liver samples were collected from
the sick flock and then analyzed by detailed viral detec-
tion, which confirmed that the avian HEV should be
responsible for the aforementioned disease (6 of 20).
Then, the capsid gene of the virus was sequenced to show
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the molecular characteristics of the strain circulating in
the aforementioned flock. Sequence comparison showed
that it shared 80.7 to 94.7% identities with 12 published
strains, while phylogenetic analysis confirmed that it
belongs to a new subtype of genotype 3.Moreover, basing
on a 242 bp fragment, the novel also shared high simi-
larities to reference strains identified as genotypes before,
revealing the genotype 3 maybe very popular in China
and even can be divided into several subgroups. In
conclusion, a novel avian HEV strain was identified in
this study, which belongs to a new subtype of genotype 3.
The analysis makes up for the molecular epidemiologic
data of avian HEV and provides a basis for further un-
derstanding the spread of avian HEV in China.
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INTRODUCTION

The avian hepatitis E virus (HEV) is the causative
agent of the big liver and spleen disease (Haqshenas
et al., 2001), hepatitis-splenomegaly syndrome
(McFerran, 1994), and hepatic rupture hemorrhage syn-
drome (HRHS) (Su et al., 2018a,b), several diseases in
poultry that were characterized by the accumulation of
bloody fluid in the abdomen, vasculitis, amyloidosis in
the liver, splenomegaly, and increased mortality (1%),
while nonpathogenic avian HEV were also widely
distributed in many chicken flocks (Huang et al., 2002;
Billam et al., 2007; Hsu and Tsai, 2014). Since it was first
identified and sequenced in the United States, the virus
has been reported from a lot of countries, and several
genotypes were discovered during this process
(Haqshenas et al., 2001; Bilic et al., 2009; Zhao et al.,
2010; B�anyai et al., 2010; Kwon et al., 2012), which re-
sults in significant morbidity and mortality in chicken.
However, no effective vaccine has been commercialized,
and avian HEV–mediated economic losses to the poultry
industry are substantial.

Similar to other Hepevirus, the avian HEV belongs to
the Hepeviridae family, which consists of 2 genera,
Orthohepevirus and Piscihepevirus (Smith et al.,
2014). Most of the HEV strains identified so far belong
to theOrthohepevirus genus that is divided into 4 species
designated as A, B, C, and D, and all of them can be
further divided into more genotypes (Smith et al.,
2014). In the past decades, an increasing number of ge-
notypes have been found. Especially within theOrthohe-
pevirus A, 8 genotypes have been identified from many
mammalian species, suggesting the HEV is undergoing
rapid or even accelerating mutation (Sridhar et al.,
2017). Similarly, in Orthohepevirus B, which mainly in-
fects chicken, new genotypes emerge in endlessly (Bilic
et al., 2009; Zhao et al., 2010; B�anyai et al., 2010;
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Kwon et al., 2012; Su et al., 2020a). It was in 2000 that
the first avian HEV was characterized, showing that it
shares about 50% nucleotide identity with mammalian
HEV (Orthohepevirus A, Haqshenas et al., 2001).
From there until now, avian HEV were successively re-
ported all over the world, and more than 5 genotypes
were identified (Bilic et al., 2009; Zhao et al., 2010;
B�anyai et al., 2010; Kwon et al., 2012; Su et al., 2018a,
2020a). However, it is far from finding all types of
strains, and many strains need a further identification.

Recently, HRHS caused by a novel avian HEV strain
presumed to be genotype 5 has swept across China (Su
et al., 2018a,b; 2020a,b). Epidemiologic investigation
showed that this strain was very prevalent in many prov-
inces, including Heilongjiang, Jilin, Hebei, Henan,
Shanxi, Shandong, Anhui, and Guangdong, but there
are no data from Jiangxi (Su et al., 2019). Given that
some farms in Jiangxi have recently suffered from
HRHS-like diseases, it is very necessary to do a detailed
analysis to find out whether there is also an epidemic of
avian HEV in this province.
METHODS AND MATERIALS

Samples Background and Clinical Signs

Since early April 2020, HRHS-like diseases suddenly
appeared in a large-scale Roman Brown layer farm in
Fuzhou city, Jiangxi province. The onset age was around
17 wk of age. The symptoms of the sick chickens were se-
vere depression, emaciation, pale crest, and the feathers
around the cloaca were polluted by bloody stool. The
laying rate of the sick flock decreased significantly by
about 20%, compared with the laying rate of the nondi-
seased flock being 90%. From 17 wk of age to 24 wk of
age, a variety of antibiotics were tried (penicillins, ceph-
alosporins, and tetracyclines), but they did not work. A
total of 20 (1% of total chickens in the diseased flock) live
but diseased chickens were selected for further analysis.
The main clinical signs and postmortem lesions pre-
sented by the affected layers were recorded.
Table 1. Primers used in this study.

Primer Sequence, 50-30

F-A ATGGGAGTTCCGTGGTTT
R-A ACATAGGGGCAAT TACGC
F-B TGTTTGCCGTT GGGACTA
R-B GCGGTGGCTATACTGTACTCTG
F-1 AAGGAGGACTGAACAAATAACA
R-1 ACATAGGGGCAATTACGC
F-2 TGGAGTGCCAGGAAAGTG
R-2 GCGGTGGCTA TACTGTACTCTG
F-ALV GATGAGGCGAGCCCTCTCTTTG
R-ALV TGTTGGGAGGTAAAATGGCGT
F-AIV CCCAGCAGCAGACTAAGAAT
R-AIV TGTGGCGGACTGACTGTA
F-NDV GCGGTTTGAGCCTCGGGATA
R-NDV GAATAGCTCCCAGACCTTTAA
F-REV CACCACCCTGGATGACGA
R-REV AGATGACGCAATAAGGCC
F-CAV AGTACAGGGTAAGCGAGCTA
R-CAV TTCCACGTCGCATAAGCAATA
F-FAdV AACGTCAATCCCTTCAACCACC
R-FAdV TTGCCTGTGGCGAAAGGCG
Virus Detection

Twenty liver samples were collected from previously
selected chickens. RNAwas isolated from 160 mL of virus
suspension using a commercial kit from Omega (Bio-
Tek, Norcross, GA), and total RNA was resuspended
in 12.25 mL of DNase-, RNase-, and proteinase-free water
as the template for the reverse transcription (RT) using
the AMV RT kit (Takara, Japan). DNA was also
extracted from aforementioned samples using a commer-
cial kit (Omega, Bio-Tek, Norcross, GA).

The detection of avian HEV in those samples was
achieved via a published RT nested PCR assay (Su
et al., 2019, Primers F-A, R-A, F-B, R-B), while all those
samples were also strictly tested for sterility and the
presence of chicken viral agents by published methods
(Jang et al., 2011; Ahberg et al., 2015; Meng et al.,
2018), including avian leukosis virus, avian influenza
virus, Newcastle virus, reticuloendotheliosis virus,
chicken anemia virus, and fowl adenovirus. Primers
used in this study can be found in Table 1.

Capsid Gene Sequencing

In accordance with published twelve avian HEVwhole
genome sequences in GenBank (Supplementary
Table 1), the outer primers F-1 and R-1, as well as the
inner primers F-2 and R-2, were selected for the estab-
lishment of the nested PCR to sequence the capsid
gene of the avian HEV, while the primer R-1 was also
RT primer. Primers used in this study can be found in
Table 1.
First, the RNA templates were used for RT into cDNA

with the primer R-1. Afterward, the first-round PCR
was performed with avian HEV–specific reverse primer
F-1 and R-1 in a volume of 50 mL reaction consisting of
4 mL of dNTP mixture (TaKaRa), 5 mL of 10! PCR
buffer (TaKaRa), 1 mL of Taq polymerase (TaKaRa),
2 mL of cDNA solution, 1 mL of forward and reverse
primers, and 36 mL of ddH2O with the following PCR
conditions: initial incubation at 95�C for 5 min, followed
by 31 cycles of denaturation at 95�C for 30 s, annealing
at 57�C for 30 s, extension at 72�C for 2 min, and a final
extension at 72�C for 10 min.
Then, the second-round PCR was performed using

avian HEV–specific reverse primer F-2 and R-2 in a vol-
ume of 50 mL reaction consisting of 4 mL of dNTP
mixture (TaKaRa), 5 mL of 10! PCR buffer (TaKaRa),
0.5 mL of Taq polymerase (TaKaRa), 2 mL of 10-fold
diluted PCR product of the first round, 0.5 mL of forward
and reverse primers, and 37.5 mL of ddH2O with the
following PCR conditions: initial incubation at 94�C
for 3 min, followed by 32 cycles of denaturation at
94�C for 30 s, annealing at 52�C for 30 s, extension at
72�C for 30 s, and a final extension at 72�C for 10 min.
Finally, all PCR amplification products were analyzed

on a 1% agarose gel that was stained with ethidium bro-
mide. PCR products were purified using the Gel Band
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Purification Kit (Omega) and cloned into the PMD18-T
vector (TaKaRa) followed by sequencing in triplicate us-
ing an ABI 3730 Sanger-based genetic analyzer (Applied
Biosystems, Carlsbad, CA).
Sequence Analysis

The cDNA sequences were assembled using DNAStar
(version 6.0). Multiple sequence alignment was per-
formed using the Clustal W program (BioEdit version
7.0), and the comparison of sequence identity was
performed using MegAlign software (DNAStar). Phylo-
genetic analysis was performed using the neighbor-
joining distance method on MEGA 5.0 (DNAStar).
The references for phylogenetic analysis contain 12 pub-
lished avian HEV and 16 representative strains of
different strains of Orthohepevirus A, C, and D
(Supplementary Table 1).
Ethics Statement

The study protocol and all animal experiments
were approved by the Animal Ethics Committee of
the Institute of Animal Husbandry and Veterinary,
Jiangxi Academy of Agricultural Science (2010-
JXAAS-XM-01).
RESULTS

Postmortem Findings and Histologic
Examinations

The clinical symptoms of affected layers were severe
depression and pale crest (Figure 1A), edema of chicken
feet (Figure 1B), liver hemorrhage and swelling
(Figure 1C), and splenomegaly (Figure 1D). No obvious
Figure 1. Clinical signs and postmortem findings of chicken affected with
of chicken feet; (C) liver hemorrhage and swelling; (D) splenomegaly, the sca
Abbreviation: HEV, hepatitis E virus.
change was found in corresponding organs from health
chickens (Figures 1E–H).
Virus Detection

Using a RT nested PCR assay, the avian HEV–
positive rate was determined as 30% for liver samples
(6 of 20) from the aforementioned farm. Meanwhile,
the nested PCR amplification products were also
sequenced for further verification of the avian HEV
infection in chickens with HRHS, and the results showed
that all the sequences shared up to 97.9% identity with
the avian HEV strains in the GenBank database (data
not shown). On the other hand, no other pathogen was
detected in those samples.
Sequence Analysis of the Capsid Gene of
Avian HEV

To further determine the molecular characteristics of
the avian HEV strains circulating in the aforementioned
farm, the capsid gene of the strains identified in this
study was cloned (Figure 2) and then sequenced and
named as CaHEV-Jiangxi-2020 (GenBank accession
number: MT684576). Briefly, the capsid gene of
CaHEV-Jiangxi-2020 is 1821nt in length, similar to
other avian HEV strains identified so far
(Supplementary Table 1). Homology analysis showed
that the capsid gene of CaHEV-Jiangxi-2020 shared
80.7 to 94.7% nucleotide sequence identities and 89.4
to 95.4% amino acid sequence identities with reference
strains (Table 2). Among which, CaHEV-Jiangxi-2020
shared the highest nucleotide sequence identity with
CaHEV-GU954430 (Chinese) at 94.7% and the lowest
nucleotide sequence identity with another Chinese
epidemic strain (80.7%), VaHEV-MG976720.
HEV and health control. (A) Severe depression and pale crest; (B) edema
le bar5 25 mm. (E–H) Crest, feet, liver, and spleen from health chickens.



Figure 2. PCR amplification of capsid gene of avian hepatitis E virus. S1–S6 refers to the 6 positive samples in this study.
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Phylogenetic Analysis

Phylogenetic analysis show that the new isolate was
located in the same branch with CaHEV-GU954430
(China, 2010), EaHEV-AM943646 (Europe, 2009) and
CaHEV-GDSZ01-MK050107 (China, 2018) but
distinctly separate from other reference strains, demon-
strating that the CaHEV-Jiangxi-2020 belongs to the ge-
notype 3 (Figure 3). However, the strain identified in
this study was in a relatively primitive evolutionary po-
sition and is far from the other 3 avian HEV strains of
genotype 3, suggesting that the branch where GaHEV-
Jiangxi-2020 is located can be defined as a new subtype.
Comparison Between CaHEV-Jiangxi-2020
and Avian HEV Strains Circulating in China

Recently, Su et al., 2020b identified and sequenced 78
avian HEV strains and demonstrated that different ge-
notypes of avian HEV are prevalent in China at the
same time. As per their findings, all these strains can
be divided into 4 types, namely A (genotype 5), B (un-
identified genotype), C (unidentified genotype), and D
(genotype 3). This study compared CaHEV-Jiangxi-
2020 with them to clarify their relationship. As shown
in Figure 4, CaHEV-Jiangxi-2020 shared the highest
similarity with type D (94.4–96.9%), compared with
Table 2. Percentage identities among avian HEV strains in nucl

Genotype Avian HEV strains 1 2 3 4

1 CaHEV-Jiangxi-2020 *** 81.9 82.9 82.5
1 2 AaHEV/AM943647 95.9 *** 87.9 88.1

3 Korea/JN597006 95.7 98.8 *** 91.6
4 JY-F2/KC454286 95.9 98.4 98.4 ***

2 5 Avirulent/EF206691 95.4 98.5 98.4 97.5
6 GI-B/KM377618 95.6 98.2 98.0 97.9
7 Prototype/AY535004 96.0 98.8 99.0 98.2

3 8 CaHEV/GU954430 97.0 98.8 98.7 98.5
9 EaHEV/AM943646 96.7 98.7 98.4 98.2
10 GDSZ01-MK050107 96.4 98.4 98.2 98.0

4 11 HU16773/JN997392 96.7 98.7 98.5 98.4
12 Taiwan/KF511797 96.4 98.7 98.2 98.0

5 13 VHEV-HB/MG976720 89.4 91.7 91.3 91.4

Boldface indicates percentage identities of amino acid sequences. ***
only 73.1 to 78.2% and 74.6 to 78.3% to type A and
type C, respectively. The identity between CaHEV-
Jiangxi-2020 and type B is slightly higher, from 81.4 to
83.9%.
DISCUSSION

Avian HEV cause difierent diseases such as hepatitis-
splenomegaly syndrome and big liver and spleen syn-
drome in chickens and has been reported many times
in United States and Canada since 1991 (Ritchie and
Riddell, 1991; Shivaprasad and Woolcock, 1995;
Riddell, 1997), mainly appearing in broiler breeder
hens and layers of 30 to 72 wk of age and causing
increased mortality around 1% (Tablante and
Vaillancourt, 1994a, Tablante et al., 1994b; Julian,
1995). After that, although several strains of different
genotypes have been reported, there was no significant
difference in clinical symptoms caused by them (Huang
et al., 2002; Billam et al., 2007; Bilic et al., 2009; Zhao
et al., 2010; B�anyai et al., 2012; Kwon et al., 2012; Hsu
and Tsai, 2014). Since 2016, severe outbreaks of avian
HEV infection have emerged in chickens in several Chi-
nese provinces with significantly increased mortality
around 15% and decreased hatching rate, causing huge
economic losses to the poultry industry (Su et al.,
eotide/amino acid sequences.

5 6 7 8 9 10 11 12 13

82.8 82.9 82.6 94.7 93.6 84.8 85.9 83.1 80.7
84.5 83.6 84.3 84.4 84.1 84.5 83.9 84.1 83.1
84.6 85.0 86.2 85.0 85.0 83.5 84.2 84.4 80.6
84.2 83.8 84.5 84.8 84.6 83.9 84.7 84.5 80.9
*** 89.6 90.7 84.1 84.0 84.8 84.6 84.7 88.2
98.7 *** 91.7 84.0 83.6 84.2 84.0 84.6 82.7
99.0 98.7 *** 84.5 84.4 84.5 84.9 84.3 83.4
98.4 98.4 99.0 *** 98.5 86.8 87.3 85.0 82.5
98.2 98.2 98.7 99.7 *** 86.6 87.1 84.8 82.7
98.2 97.9 98.5 99.0 98.7 *** 86.4 84.7 81.3
98.2 98.2 98.8 99.7 99.3 99.3 *** 87.9 82.2
98.5 98.5 98.5 99.2 99.0 98.5 99.0 *** 81.7
91.9 91.4 91.6 91.9 91.7 91.6 91.7 91.6 ***

Works as a separator.



Figure 3. Phylogenetic tree based on the capsid gene of avian hepatitis E virus (HEV) and reference HEV isolates. GenBank accession numbers
follow the name of HEV strains. The tree was constructed by the neighbor-joining method with 1,000 bootstrap replicates using MEGA 5.0. Detailed
information about the reference strains can be found in Supplementary Table 1.
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2018b). The disease was characterized by liver hemor-
rhage and swelling, splenomegaly, polluted feathers
around cloaca, red fluid in the abdomen, and then named
as HRHS based on the main clinical signs (Su et al.,
2018a). Furthermore, previous studies have
Figure 4. Similarity between the CaHEV-Jiangxi-2020 and 78
strains identified before in China. The abscissa is the number of 78 refer-
ence strains. Details about the reference strains can be found in Su et al.,
2020b.
demonstrated that a novel strain of avian HEV in
genotype 5 should be responsible for HRHS (Su et al.,
2018a, b).

Recently, similar syndromes also appeared in a Ro-
man Brown layer farm in Jiangxi province, China. The
main symptoms of the affected chickens were pale
crowns, edema of chicken feet, liver rupture and
bleeding, and splenomegaly. However, previous epidemi-
ology investigation did not cover Jiangxi province (Su
et al., 2019), so further detection and identification is
very necessary. In this study, a detailed pathogenic vi-
ruses analysis screening avian HEV, avian leukosis virus,
avian influenza virus, Newcastle virus, reticuloendothe-
liosis virus, chicken anemia virus, and fowl adenovirus
was carried out in the aforementioned farms, while re-
sults finally confirmed that avian HEV was the only pos-
itive pathogen in the sick chicken, revealing that it is the
causative agent for the aforementioned diseases.

It is known that the first sequenced strain of avian
HEV was isolated from chickens with hepatitis-
splenomegaly syndrome in the United States in 2000
(Haqshenas et al., 2001). After that, avian HEV strains
were successively reported in Europe (Bilic et al., 2009);
Shandong, China (Zhao et al., 2010); Hungary (B�anyai
et al., 2012); South Korea (Kwon et al., 2012); Taiwan,

mailto:Image of Figure 3|tif
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China (Hsu and Tsai, 2014); Guangdong, China (Zhang
et al., 2019); and Pakistan (Iqbal et al., 2019), which
confirmed again the high diversity of the avian HEV
and the existence of difierent genotypes (B�anyai et al.,
2012; Sprygin et al., 2012; Sun et al., 2019), indicating
that more different types of strains may be found in
the future. In this study, to further clarify the molecular
characteristics of the avian HEV strain circulating in the
aforementioned farm, the capsid gene of the virus was
sequenced using the Sanger method. Sequence analysis
showed that the new isolate shared a lower identity
(80.7–94.7% nucleotide sequence identities and 89.4–
95.4% amino acid sequence) with previously published
avian HEV strains and phylogenetic analysis further
confirmed that the new strain is located in a single
subbranch in genotype 3 but distinctly separate from
other reference strains, thus all those evidence demon-
strated that CaHEV-Jiangxi-2020 belongs to a tenta-
tively novel subtype of genotype 3. It is worth noting
that the homology between this strain and genotype 5,
which is widely prevalent in China (Su et al., 2018a, b;
2019; 2020a), is very low, only 80.7%, which indicates
that multiple strains may be prevalent in China at the
same time, but they all can cause diseases similar to
HRHS.

On the other hand, recent data from mainland China
showed that there were at least 4 types (2 of them were
determined as genotype 3 and 5, whereas the others were
unidentified) in different chicken flocks based on a 242-
bp fragment (Su et al., 2020b). At the same time, the dis-
tribution of these strains in commercial chickens and
local chickens is different, suggesting avian HEV may
have been distributed worldwide and evolved in several
independent environments for a long time, but it has
not been found before (Su et al., 2020b). To understand
the relationship between CaHEV-Jiangxi-2020 and
these strains, a systematic comparison was launched us-
ing the new strain and 78 references (Su et al., 2020b).
Results demonstrated that CaHEV-Jiangxi-2020 is
most similar to the type D strains (94.4–96.9%) previ-
ously reported. It should be noted that type D strains
have been confirmed to belong to genotype 3. Given
that a recent study had identified another subtype in
the genotype 3 of the avian HEV (Zhang et al., 2019),
it is possible that this genotype can be divided into
more subtypes, so further epidemiology survey is
necessary.

In conclusion, a novel avian HEV strain was identified
in Jiangxi province of China, which belongs to a new
subtype of genotype 3. This study makes up for the mo-
lecular epidemiologic data of avian HEV in Jiangxi prov-
ince and provides a basis for further understanding the
spread of avian HEV in China.
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