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ABSTRACT

The rabbit hepatitis E (rHEV) as been found in farmed, wild and pet rabbits as well as in
human patients suggesting zoonotic transmission. The aim of this study was to evaluate the
prevalence of HEV-infection in farmed rabbits from hyperendemic regions. Serum anti-HEV
was tested by ELISA. We collected blood samples from 235 rabbits from different
governorate in Egypt. HEV RNA was tested using RT-PCR with degenerative primers to
ORF2 in serum and feces samples from 235 and 323 farmed rabbits respectively at different
governorates in Egypt. All animals were 2-12 months of age. Out of the 235 rabbit serum
samples, the total positive rate of anti-HEV 1gG was 28/235 (11.9%). Anti-HEV 1gG
prevalence in rabbits was demonstrated by EIA in serum samples in different governorates
13.20%, 13.6 %, 14.6%, 24.2%, 20.0% in Luxor, Assiut, Fayoum, Menoufia, and Alexandria
respectively, and not detected in Sohag and Qena governorates. HEV RNA was detected in
serum and fecal samples, only 2 serum samples were positive for HEV RNA 2/235 (0.8 %) at
Luxor and Menoufia governorates. Out of the 323 fecal samples, the total positive rate HEV
RNA was 26/323 (8.0%). Prevalence of HEV RNA in fecal samples of rabbits varied in
different studied governorates from 1.92% to 18.36%, in Qena and Menoufia governorates
respectively. HEV prevalence peaked in different age groups at different farms, with majority
of infections at age low 6 months. Rabbit HEV infection in Egypt was first documented in our
study.
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INTRODUCTION

Hepatitis E virus (HEV) was first
isolated in 1983 from a fecal sample of a
volunteer infected with other virus isolate
from a previous non-A non-B hepatitis
epidemic( Balayan et al., 1983).

HEV is the sole member in the genus
Hepevirus in the family Hepeviridae
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(Worm et al., 2002). Infect human and
animal beings (wild boars, domestic pigs,
deer, rabbits and etc). The HEV are small
virions of 27-34 nm, which icosahedral,
non-enveloped, spherical particles, with a
single capsid protein and a linear,
positive-sense RNA  genome  of
approximately 7200 bps with three open
reading frames (ORFs), where ORF3
partially overlaps ORF2 (Vasickova et
al., 2007; Meng , 2010).

HEV contains four recognized genotypes
that belong to the Orthohepevirus and at
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least two putative new genotypes (Smith
et al., 2013). HEV-1 genotype has
mainly been isolated from sporadic and
epidemic human patients in Asia. HEV-2
genotype was first isolated in Mexico but
endemic in central Africa. HEV-3 was
first isolated to cause sporadic disease in
the USA, but has also been recorded to
be responsible for acquired HEV cases in
Europe, Japan, Australia, Korea,
Argentina, and New Zealand. HEV-3
genotype is zoonotic and has also been
isolated from domestic and wild swine,
deer, rats, mongoose, and rabbits (de la
Caridad et al., 2013; Smith et al., 2014,
Liu et al., 2019). HEV-4 genotype is also
zoonotic and is associated with sporadic
cases of HEV in humans and infects wild
and domestic swine and reportedly cattle
and sheep. HEV-4 genotype has been
found in sporadic hepatitis E cases in
China, Vietnam, Japan and Taiwan.
However, the detection of genetically
distinct HEV strains in rats, rabbits and
wild boars suggests the existence of
further HEV genotypes. A putative
HEV-5 genotype was isolated from
Japanese wild boar (Sonoda et al., 2004;
Zhao et al., 2009; Kwon et al., 2012,
Petra et al., 2013). In addition, HEV-7
genotype was detected in one person in
the United Arab Emirates and was
associated with several camel products
(Lee et al., 2016).

HEV is probably hyperendemic in Egypt
and seems to be a frequent infection. In
Egypt prevalence of HEV in human is
higher than other countries.
Seroprevalence of HEV rates were High
in rural areas of suburban Cairo and Nile
Delta. More studies were conducted in
Nile Delta, Egypt for anti-HEV
seroprevalence and HEV RNA (Darwish
et al., 2001) while, in animals beings,
HEV seropositivity was resulted in

and 9.4% from
buffaloes, and

21.6%, 4.4%, 14%,
studied cows, sheep,
goats, respectively (Shata et al., 2012).
The infected food animals were
convenient to positive HEV humans who
may estimate the epidemiological picture
of potential zoonotic HEV (El-Tras et al.,
2013). Anti-HEV antibody in horses
were also studied as reservoir hosts in
Cairo,Egypt (Saad et al., 2007).

HEV strain in rabbits was first
discovered in 2009 in China, named
rabbit HEV (rHEV) (Zhao et al., 2009).
The presence of rHEV has been further
confirmed by different studies on farmed
and wild rabbits in the United States
(Cossaboom et al., 2011), France (Izopet
et al., 2012), and Russia (Mohammed et
al., 2015). rHEV has provisionally been
assigned to 3ra subtype within HEV
genotype 3, to which rHEV is most
closely related according to phylogenetic
analysis (Purdy et al., 2017). However,
the characteristic genomic difference
between rabbit strains and the
representative strains (swine and human
strains) of HEV-3 genotype appears to be
quite significant. Investigations
conducted in China, USA, France, Russia
and other countries demonstrated that
rHEV is widely prevalent in various
breeds of wildlife, farmed, pet and even
laboratory rabbits, suggesting that rabbits
are likely another key reservoir of HEV
(Wang et al., 2016).

MATERIALS AND METHODS

Samples and sample collection

Our study first focused on the farmed
rabbit (Oryctolagus cuniculus) in the
Egypt. In this study 235 and 323 serum
and fecal samples respectively were
collected from different governorates in
Egypt, 53 and 64 (Luxor governorate),
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22 and 43 (Assiut governorate), 29 and
33 (sohag governorate), 37 and 52 (Qena
governorate), 41 and 46 (Fayoum
governorate), 33 and 49 (Menoufia
governorate), 20 and 36 (Alexandria
governorate) serum and fecal samples
respectively. Specimens were collected
in February and August 2019. The
animals were stocked in wood cages and
blood samples were collected through
venipuncture of the saphenous vein prior
to their reintroduction. Serum and fecal
samples from rabbits were carried out in
a sterile tube and container with a lid and
a spoon. The samples were supplied with
the accompanying documents by age,
place of collection, date. Samples were
obtained from each animal individually.
All the sera were classified and stored at
-70°C until tested by an ELISA assay
following manufacturer’s instruction.
The ELISA kit used is designed for the
qualitative determination of anti- HEV
IgG in serum and plasma samples.

Serological detection

Serum Markers for anti-HEV IgG
(Takahashi et al., 2005)

Anti-HEV 1gG was detected using third
generation Enzyme Immunoassay (EIA)
according to the  manufacturer’s
instructions (DIA.PRO, Milano, Italy).
Since this set is designed to detecting of
human anti-HEV 1gG, species-specific
conjugate in the formulation instead of
using the conjugate of the set of anti-
rabbit conjugate (goat antibodies, affinity
purified, specific for immunoglobulin
IgG, IgA, IgM rabbit horseradish-
labeled, Russia) at a dilution of 1: 10,000
in phosphate-buffered saline.

The Cut-off was calculated by addition
of 0.350 with mean optical density value
of the Negative control (NC) and
samples were considered as positive

when ratio of the test result of sample
(odd 450nm) and the cut-off value was
above 1 (or <l), according to the
manufacturer’s instruction. Results are
read using EL x 800 universal microplate
reader, (Biotek Instruments Inc.). All
positive samples were retested in
duplicate with the same EIA assay to
confirm the initial results.

Molecular detection of HEV by RT-
PCR (Jothikumar et al., 2006)

RNA extraction

For the isolation of nucleic acids from
fecal samples were prepared to 10-20%
Clarified fecal extract. For this propose,
samples of feces up to 1.0 ml (0.4-1.0 g)
was collected with a sterile spatula and
placed into a sterile tube. Then 4.0 ml of
phosphate buffer solution was added to
form slurry of 10-20%. Fecal vigorously
vortexed to form a slurry. The resulting
suspension was clarified by
centrifugation at 3000 rpm for 30
minutes and the supernatants were then
transferred into new sterile tubes and
centrifuged at 2000 rpm for 20 minutes,
to cleaned them from debris and bacterial
cells. The supernatant was collected in
sterile tubes and stored at -70 °C.

Amplification of DNA fragments by
PCR (Huang et al., 2002)

Detection of HEV RNA was performed
in a nested polymerase chain reaction
with reverse transcription (RT-PCR) with
degenerate primers to the site of the open
reading frame 2 (ORF 2) HEV (Table 1).

Detection of serum and fecal HEV RNA
by nested RT-PCR was performed using
a QIAGEN One-Step RT-PCR kit
according to the  manufacturer's
instructions. The primers were adopted
after Huang et al. (2002). Briefly, a
reaction tube contained 50 pL of the
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reaction solutions, including 10 uL of the
5 x QIAGEN One-Step RT-PCR buffer,
2 uL of the dNTP mix (containing 10
mM of each dNTP), 10 uL of the 5 x Q-
Solution, 2 uL of the external forward
and reverse primer (100 pM pL™!) Table
1, 2 uL of the QIAGEN One-Step RT-
PCR enzyme mix, 1 uL of the RNase Out
RNA inhibitor (10 U uL—1 ; Gibco BRL,
Gaithersburg, MD), 10 uL of the
template RNA, and 11 pL of the RNase
free water. The thermal cycling
conditions included one step of reverse
transcription for 30 min at 50°C and an
initial PCR activation step for 15 min at
95°C. This was followed by 40 cycles of
denaturation for 30 s at 94°C, annealing
for 30 s at 50°C, and extension for 1 min
15 s at 72°C, and a final incubation for
10 min at 72°C. A nested PCR was
conducted with the following
components: 3 uL of the RT-PCR

product, 5 pL of the 10xPCR buffer, 5
uL of MgCl2 (25 mg mL—1 ), 4 uL of the
dNTP mix (10 mM of each dNTP), 1 uL
of the internal forward and reverse
primer (100 pm pL—1 ) Table 1, 0.5 pL
of Takara Ex Taqg polymerase (5 U pL—1
), and 30.5 pL of the double-distilled
H20. The thermal cycling conditions for
the nested PCR included 5 cycles of
denaturation for 30 s at 94°C, annealing
for 30 s at 45°C, and extension for 1 min
15 s at 72°C. This was followed by 35
cycles of denaturation for 30 s at 94°C,
annealing for 30 s at 53°C, and extension
for 1 min 15 s at 72°C, and a final
incubation for 7 min at 72°C. Sterile
distilled water was used as a negative
control. The positive control was the
strain of human HEV. Positive and
negative controls were included in each
run with specific molecular weight
markers.

Table 1: The oligonucleotides that used for the amplification of HEV RNA

Sequence

Location

Direction Position in the

genome of HEV *
'5-AAT TAT GCC C'g'G TACCGGGTTG-  Eyiemal  Forward 57085687
'5-CCCTTA TCC':I'-CI;%C': TGAGCATTC External  Reverse 64146395
'5-GTT ATGCTT TC;C ATACATGGCT- \ermal  Forward 5993-5972
°-AGCCCACGAAATCAATICTGT  |omal  Reverse 6319-6298

C-3'

* Numbering of the nucleotide positions given by the strain HEV Burma (number in the

database GenBank M73218)
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Electrophoresis
detection

The PCR-HEV product amplified was
detected by 1.5% agarose gel
electrophoresis, stained with etidium
bromide and observed under an
ultraviolet  light  reaction. The
expected product of universal nesting
RT-PCR is 348 bp.

agarose gel

Statistical Analysis

Data were analyzed using the SPSS
version 16. Qualitative variables are
described as numbers and
percentages. Chi square or Fisher’s
exact test is used for comparison
between groups; as appropriate. Odds
ratios and their 95% confidence
intervals were calculated. A p value <
0.05 is considered statistically
significant.

RESULTS

Serum samples were collected from
235 different farmed rabbits at

different governorates in Egypt |,
53(22.6%) serum samples were
collected from Luxor governorate,
22(9.4%) from Assiut governorate,
29(12.3%) from Sohag governorate,
37(15.7%) from Qena governorate,
41(17.4%) from Fayoum governorate,
33(14.0%) from Menoufia
governorate, 20(8.5%) from
Alexandria governorate (Table 2). Out
of the 235 rabbit serum samples, the
total positive rate of anti-HEV 1gG
was 28/235 (11.9%) examined by
ELISA  test. Anti-HEV  IgG
prevalence in rabbits was
demonstrated in different
governorates 13.2%, 13.6%, 14.6%,
24.2%, 20.0% in Luxor, Assiut,
Fayoum, Menoufia, and Alexandria
governorates respectively, and not
detected in Sohag and Qena
governorates. HEV RNA was detected
in serum samples, only 2 serum
samples were positive for HEV RNA
2/235 (0.8 %) at Luxor and Menoufia
governorates (Table 3& Figure 2).
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Table 2: Collection of blood samples among rabbits at different governorates in Egypt.

Variables Frequency Percent P value
Luxor 53 226 %
Assiut 22 9.4 %
Sohag 29 123 %
S Qena 37 15.7 %
‘_?é‘ Fayoum 41 17.4 % 0.022
Menoufia 33 14.0 %
Alexandria 20 8.5%
Total 235 100.0
Frequency tabulation test
H Luxor
HAssiut
i Sohag
@Qena
@Fayoum
i Menoufia
W Alexandria

Figure 1: Percentage of collected blood samples among rabbits at different governorates in

Egypt
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Table 3: Prevalence of HEV markers in serum samples among rabbits at different
governorates in Egypt.

Anti-HEV HEV RNA
Variables
Negative Positive Negative Positive
Count 46 7 52 !
Luxor
PR
b within 86.8% 13.2% 98.1% 1.9%
ocation
Count 19 3 22 0
Assiut O \nsithi
OWINIn gy 136%  100.0%  0.0%
ocation
Count 29 0 29 0
Sohag O \nsithi
o Wihin - 100.0% 0.0% 100.0% 0.0%
ocation
c Count 37 0 37 0
= Qena —
0
8 o WIhin - 100.0% 0.0% 100.0% 0.0%
ocation
Count 35 6 a1 0
Fayoum O \withi
1o within 85.4% 146%  100.0% 0.0%
ocation
Count 25 8 32 !
Menoufia S
% within 75.8% 24.2% 97.0% 3.0%
location
Count 16 4 20 0
Alexandria s
% within 80.0% 200%  100.0% 0.0%
location
Count 207 28 233 2
Total O wwithi
ocation
P value 0.017 0.702

Cross tabulation test
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Figure 2: Prevalence of anti-HEV and HEV RNA in serum samples among rabbits at

different governorates in Egypt

Fecal samples were collected from 323
different farmed rabbits at different
governorates in Egypt, 64 (19.8%) serum
samples were collected from Luxor
governorate, 43 (13.3%) from Assiut
governorate, 33 (10.2%) from Sohag
governorate, 52 (16.1%) from Qena
governorate, 46 (14.2%) from Fayoum
governorate, 49 (15.2%) from Menoufia
governorate, 36 (11.1%) from Alexandria
governorate (Table 4 & Figure 3). Out of
the 323 fecal samples, the total positive
ratt. HEV RNA was 26/323 (8.0%).
Prevalence of HEV RNA in fecal
samples of rabbits varied in different
studied governorates from 1.92% to
18.36%, in Qena and Menoufia
governorates respectively. While
Prevalence of HEV RNA were recorded
3.1 %, 7.0%, 10.9%, and 18.4% in
Luxor, Assiut, Fayoum and Menoufia
governorates respectively. HEV RNA in

fecal samples was not detectable in sohag
governorate (Table 5 & Figure 4).

HEV prevalence peaked in different age
groups at different farms, with majority
of infections at age low 6 months. HEV
RNA in fecal samples at Luxor and
Assuit governorates were detected only
in fecal samples of rabbits age low 6
months as 5.26 and 16.6 respectively and
not detectable in fecal samples of rabbits
age high 6 months. Fayoum, Menoufia
and Alexandria governorates were
recorded high positively of HEV RNA at
age low 6 months as 20%, 28% and
31.25 % compared to at age high 6
months 3.84%, 8.33 and 5.0%
respectively. However only in Qena
governorates HEV infection was detected
in rabbit with age high 6 months 1
(3.7%) and not detectable in rabbit with
low age 6 months (Table 6 & Figure 5).
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Table 4: Collection of fecal samples among rabbits at different governorates in Egypt

Variables Frequency Percent P value

Luxor 64 19.8 %
Assiut 43 13.3%
Sohag 33 10.2 %
15 Qena 52 16.1 %

= 0.037
3 Fayoum 46 14.2 %
Menoufia 49 152 %
Alexandria 36 11.1%
Total 323 100.0

Frequency tabulation test

& Luxor

H Assiut

k& Sohag
#Qena

& Fayoum
M enoufia

M Alexandria

Figure 3: Collection of fecal samples among rabbits at different governorates in Egypt
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Table 5: Prevalence of HEV RNA in fecal samples among rabbits at different governorates in

Egypt
HEV RNA
Variables Total P value
Negative  Positive
Count 62 2 64
Luxor
% within location 96.9% 3.1% 100.0%
Count 40 3 43
Assiut
% within location 93.0% 7.0% 100.0%
Count 33 0 33
Sohag
% within location 100.0% 0.0% 100.0%
IS Count 51 1 52
< Qena
38 % within location 98.1% 1.9% 100.0%
0.004
Count 41 5 46
Fayoum
% within location 89.1% 10.9% 100.0%
Count 40 9 49
Menoufia
% within location 81.6% 18.4% 100.0%
Count 30 6 36
Alexandria
% within location 83.3% 16.7% 100.0%
Count 297 26 323
Total
% within location 92.0% 8.0% 100.0%

Cross tabulation test

10
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Figure 4: Prevalence of HEV RNA in fecal samples among rabbits at different governorétes

in Egypt.

Table 6: Age-specific prevalence of HEV infection at different Egypt governorates among
rabbits population.

Variables Total — P value
(months) Total Positive
<6 38 2 (5.26%)
Luxor 64
>6 26 0.0
. <6 18 3 (16.6%)
Assiut 43
>6 25 0.0
<6 22 0.0
Sohag 33
>6 11 0.0
S <6 25 0.0
© Qena 52
S >6 27 1 (3.7%) 0.018
<6 20 4 (20%)
Fayoum 46
>6 26 1 (3.84%)
. <6 25 7 (28%)
Menoufia 49
>6 24 2 (8.33%)
) <6 16 5 (31.25%)
Alexandria 36
>6 20 1 (5.0%)
Total 323 8.0%

Cross tabulation test

11
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Figure 5. Age-specific prevalence of HEV infection at different Egypt governorates among

rabbits population.

DISCUSSION

rHEV was allowed to infect pigs and
monkeys  through  experimental
inoculation. However, investigations
conducted separately in several areas

in China where rHEV and
HEVgenotype 4 were highly prevalent
in  farmed rabbits and  pigs

respectively, could not observe cross-
species infection of HEV strains
among rabbits and swine (Liu et al.,
2019). In these regions, all of the

12

HEYV strains detected from hepatitis E
patients belong to HEV genotype 4 of
which the nucleotide sequence was
highly similar to swine HEV genotype
4 sequences indicating the
transmission risks of pigs, but not
rabbits (Faber et al., 2018). Only a
few strains detected from patients
with HEV infection in France have

been identified to have similar
sequences with the rHEV (Abravanel
et al, 2017). Thus far, the

contribution of rHEV to human
infection remains uncertain.
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Present study was recorded out of 235
different serum samples from farmed
rabbits at different governorates in
Egypt , the total positive rate of anti-
HEV IgG was 28/235 (11.9%), and
HEV RNA was 2/235 (0.8 %).
Agreement with previous studied in
France, anti-HEV has been detected in
the farmed rabbits, with a positive rate
at 7.0%, lower than the wild rabbits at
23.0%. (Izopet et al., 2012). However,
the prevalence of anti-HEV antibody
among rabbits is high in USA, with
36.5% (31/85) positive rate and the
detection of rHEV RNA in serum
(16.5%, 14/85) samples indicates
widespread rHEV circulation among
local rabbit population (Cossaboom et
al., 2011). In other study, Anti-HEV
and HEV RNA were detected in the
serum samples of farmed rabbits, and
the positive rates were 57.0%
(191/335) and 6.9% (23/335),
respectively (Zhao et al., 2009). Low
anti-HEV  antibody  seroprevlance
were found in Italy as 3.40% in 206
farmed rabbits, suggesting that HEV
was circulating among rabbits in Italy
(Di Bartolo et al, 2016). A
retrospective study in Germany tested
13 serum samples of wild rabbits,
4/13 (31%) samples were positive for
anti-HEV antibodies (Eiden et al.,
2016).

Anti-HEV IgG prevalence in rabbits
was demonstrated in present study at
different ~ governorates  13.20%,
13.6%, 14.6%, 24.2%, 20.0% in
Luxor, Assiut, Fayoum, Menoufia,
and Alexandria governorates
respectively, and not detected in

13

Sohag and Qena governorates. HEV
RNA was detected in serum samples,
only 2 serum samples were positive
for HEV RNA at Luxor and Menoufia
governorates. However, In China,
rabbits in Inner Mongolia have the
highest prevalence of anti-HEV 1gG
(57%) and viraemia (72%). In the US
recorded, rabbits in Farm A had a
higher prevalence of HEV RNA in
serum and fecal samples (48.0% and
40%) compared as in farm B (3.3%
and 5.0%). The rabbits in Inner
Mongolia were caged in groups of 2
to 336 but 2 to 9 in Farm A in
Virginia (Cossaboom et al., 2011).

Out of the 323 fecal samples in our
study, the total positive rate HEV
RNA was 26/323 (8.0%). Prevalence
of HEV RNA in fecal samples of
rabbits varied in different studied
governorates from 1.92% to 18.36%,
in Qena and Menoufia governorates
respectively. While Prevalence of
HEV RNA were recorded 3.1 %,
7.0%, 10.9%, and 18.4% in Luxor,
Assiut, Fayoum and Menoufia
governorates respectively. HEV RNA
in fecal samples was not detectable in
sohag governorate. Howere, other
studies showed low prevalence rate of
fecal HEV RNA at 1.0% involving 3
regions of China, and all rabbits were
caged individually, which, in a way
reduced the possibility of fecal oral
transmission between cage mates (Xia
et al., 2015).

Soon afterwards, another study
reported a different strain of rHEV in
the fecal samples of Rex Rabbits in
Beijing. The detection rates of anti-
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HEV and fecal HEV RNA were
54.62% (65/119) and 6.96% (8/115),
respectively. The detection of HEV
RNA in fecal samples indicated the
possibility of fecal-oral transmission
of rHEV from rabbit to rabbit or to
other species of animals (Geng et al.,
2011). In a recent study, which
involved 111 farmed rabbits in
Beijing were tested for fecal RNA
with a positive rate of 4.6% (5/111).
Fecal samples of 285 farmed rabbits
in Shandong province and of 96
farmed rabbits in Henan province
were also tested, but no HEV RNA
was detected. Researchers from the
Korea, Netherlands, and Canada have
reported detecting HEV RNA in the
local rabbit beings, with prevalence
ranging from 0.9% to 60% (Xia et al.,
2015). In our study, HEV prevalence
peaked in different age groups at
different farms, with majority of
infections at age low 6 months. HEV
RNA in fecal samples at Luxor and
Assuit governorates were detected
only in fecal samples of rabbits age
low 6 months as 5.26% and 16.6 %
respectively and not detectable in
fecal samples of rabbits age high 6
months. Fayoum, Menoufia and
Alexandria governorates were
recorded high positively of HEV RNA
at age low 6 months as 20%, 28% and
31.25 % compared to at age high 6
months 3.84%, 8.33 and 5.0%
respectively. Agreement with previous
studies have shown that high
prevalence of HEV infection at ages
of the rabbits less than 3 months for
farmed rabbits compared as over 6
months (Mohammed et al., 2015;
Leblanc et al., 2010; Geng et al.,

14

2019). Although the prevalence of
HEV in farmed rabbit could be linked
to their older age. In Qena
governorates HEV infection was
detected in rabbit with age high 6
months 1 (3.7%) and not detectable in
rabbit with low age 6 months.

CONCLUSIONS

Hepatitis E virus is widespread among
rabbits in hyperendemic region
(Egypt); at this point high frequency
of detection of anti-HEV class 1gG
(11.9%) and HEV RNA (0.8% and
8.0% in blood and fecal samples from
farmed rabbits respectively). HEV
prevalence peaked in different age
groups at different farms, with
majority of infections at age low 6
months.
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