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ABSTRACT:

Background: Hepatitis E virus (HEV) causes both acute
and chronic liver inflammation. HEV is transmitted
through the fecal-oral mechanism and infects both
animals and humans. The virus belongs to the
Hepeviridae family and its genome is a single stranded
RNA molecule. Thanks to molecular sequencing
methods different genotypes and subgenotypes have
been established. The aim of the present study was to
identify and characterize Bulgarian HEV sequences by
applying Sanger sequencing technique for a genome
fragment in Open Reading Frame 2 (ORF2 region).
Material and methods: Twelve retrospective
samples from patients with serologically confirmed
HEV infection (anti-HEV IgM and IgG positive) were
sequenced by Sanger sequencing. Sequencing
data were analysed by BioEdit, MEGA11 and NCBI
Genbank software tools.

Results: The results revealed that all isolates assign
to species Paslahepevirus balayani. Phylogenetic
analysis showed that HEV isolates were characterized
with considerable genetic diversity. The sequences
were sub-clustered into the following subgenotypes:
HEV-3e, 3m, 3f and 3c.

Conclusion: We successfully applied the Sanger
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method for hepatitis E virus RNA sequencing. The
established heterogeneity of subgenotypes requires
further study in order to determine the circulation of
all possible subgenotypes of HEV in the country.

INTRODUCTION

Hepatitis E virus is an important human and animal
pathogen that can cause acute and chronic liver
infections in humans. According to the World Health
Organization (WHO), there are an estimated 20
million HEV infections worldwide each year, resulting
in an estimated 3.3 million symptomatic cases of
hepatitis E (1).

HEV classification
HEV belongs to which
comprises two subfamilies - Parahepevirinae and

Hepeviridae family,

Orthohepevirinae. Members of Parahepevirinae
infect trout and salmon, and Orthohepevirinae -
mammals and birds. Orthohepevirinae subfamily
includes four genera: Avihepevirus, Chirohepevirus,
Paslahepevirus and Rocahepevirus. The genus
Paslahepevirus includes the species Paslahepevirus
balayani, which is isolated from humans and
mammals (2). Paslahepevirus balayani is subdivided
into eight genotypes, of which the most important
for humans are genotypesl-4, 7, and 8. There are
significant differences between each of the genotypes
in terms of transmission patterns, epidemiology and
course of infection. Genotypes 1 and 2 have been
found only in humans, they circulate in Asia and
Africa and are transmitted mainly by the fecal-oral
route. Unlike them, genotypes 3 and 4 circulate in
both human and animal species (domestic pigs,
wild boar, deer and rabbits), and are transmitted to
humans by consumption of under-cooked infected
meat products (1). Genotypes 7 and 8 were identified
in dromedary and Bactrian camels (3). Within these 8
genotypes, 31 subgenotypes were identified (4).

HEV-3 subgenotypes distribution

HEV-3 genotype is transmitted worldwide and is the
most frequently detected genotype in Europe (5).
Initially, based on their nucleotide differences, HEV-
3 isolates were sub-grouped into 10 subgenotypes,
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(6). Subsequently, new potential subgenotypes
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have been proposed identifying 3k, 3I, and 3m
(previously named 3chi-new) as new subgenotypes.
Later, with the accumulation of complete genome
sequencing data from a large number of viral isolates
and based on up to 26% nucleotide divergence, HEV-
3 genotype was sub-divided into three main groups
(clades) - 3abchij (referred to as Gt3-2), 3efg (Gt3-1)
and sub-type 3ra (7, 8). Each subtype is associated
with a specific geographic area, and some of the
subgenotypes can be isolated simultaneously from
different continental locations. Subgenotype HEV-
3a is widespread and has been isolated in Europe,
Asia, and the Americas (9, 10, 11, 12). HEV-3b and
HEV-3d are reported mainly in Asian and American
countries (13). However, according to a publication
from 2022, HEV-3b and HEV-3m were isolated in
a wild boar population in Italy (14). HEV-3j were
described in Canada, Australia and Mexico (15, 16).
HEV-3e, 3¢, 3f, 3h and 3i are prevalent in Europe
and subgenotypes 3e, 3c and 3h, in particular, are
considered as autochthonous for Europe and they
were detected in Bulgaria, as well (17, 18, 19, 20,
21, 22, 23). Subgenotype HEV-3i was described not
only in Europe but also in Latin America (24, 25). In
addition, there are several unassigned subgenotypes
and new ones are being discovered all the time, due
to the extreme heterogeneity of HEV-3 genotype (4).

HEV structure and viral genome

There are two different forms of the HEV virions —
non-enveloped (neHEV) and quasi-enveloped (eHEV)
particles (26). Non-enveloped virions are icosahedral,
spherical, 27-34 nm in diameter and are present
in the faces and the bile of the infected individual.

-
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Virions that circulate in the blood are coated with a
host-derived membrane (27). Spikes are observed on
the surface of the viral capsid (28). The viral capsid
formed by capsomeres consisting of homodimers of
the single capsid protein, where neutralizing epitopes
are located. The capsid protein also has a receptor
binding function (29). The viral genome is a linear,
single stranded RNA molecule with a positive polarity.
The size of the viral genome is approximately 7200
nucleotides in length and is structured as follows:
in the 5’-end
followed by 5’-untranslated region (UTR), three open
reading frames (ORFs) ORF1, ORF2 and ORF3, and 3'-
UTR followed by a poly A tail (30). An additional ORF4
(nt 2835-3308), overlapping with ORF1 has been
reported only for HEV genotype 1 (31). ORF1 is the
largest ORF in the HEV genome with an approximate
length of 5082 nucleotides (32). It starts from the 26t
nucleotide and ends at the 5107". The functional
domains within ORF1 include: methyltransferase

7-methylguanosine cap structure

(Met), Y domain, papain-like cysteine protease (PCP),
hypervariable region (HVR) or proline-rich region
(PRR), X domain, Hel, and the RdRp (33). ORF2 is 1983
nucleotides long and is situated between the 5145t
and 7127" nucleotides. ORF2 overlaps with ORF3
and codes the viral capsid protein. ORF3 begins 24
nucleotides downstream from the ORF1 stop codon
and overlaps with ORF2 by 300 nucleotides. It is
situated between nucleotides 5132 and 5474 (34).

HEV typing is based on successful amplification
followed by targeted Sanger sequencing of the
specific gene region and, finally - implementation of
bioinformatics tools for genotype and sub-genotype
assignment. Such approach is a powerful tool in
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Figure 1. Schematic presentation of the genome structure of HEV (adapted from: Hepatitis E in High-Income
Countries: What Do We Know? And What Are the Knowledge Gaps? - Scientific Figure on ResearchGate.

Available from:

https://www.researchgate.net/figure/Organization-of-the-Hepatitis-E-virus-HEV-genome-

open-reading-frames-ORFs-and_figl 325400981 [accessed 14 Dec, 2022]
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detecting and tracking similarities between HEV
sequences obtained from different sources and
samples. The aim of the present study was to sub-
genotype twelve Bulgarian sequences of HEV using
targeted Sanger sequencing of the specific HEV
genome region in ORF2.

MATERIALS AND METHODS

Twelve retrospective samples from patients, with
serologically confirmed HEV infection (anti-HEV
IgM and IgG positive), were recruited from archived
serum samples tested between 2018 and 2021 in the
National Reference Laboratory (NRL) for Hepatitis
Viruses at the National Center of Infectious and
Parasitic Diseases. Ethical approval was not required
due to the retrospective character of the study.
Virological assays

Detection and quantification of HEV RNA was
performed using the RealStar HEV RT-PCR kit2.0
(Altona diagnostics, Germany) according to the
manufacturer’s instructions. Briefly, 25ul of extracted
RNA was mixed with an equal volume of Master
Mix, after which the reverse transcription PCR
reaction was set up. Four quantification standards
(QS) were used to generate a standard curve for
guantitative analysis. The results are considered valid
if the generated standard curve reaches the control
parameter value > 0.98. The linear range of the RT-
PCR was from 10 to 1x107 IU/pl. (as determined by
the manufacturer).

Genotyping/sub-genotyping

HEV genotyping was performed by sequencing the
ORF2 region according to the method of Boxman
et al. (35). Viral RNA was automatically extracted
on ExiPrep 16Dx (Bioneer, RK). The extracted RNA
was reverse transcribed and amplified using a
first round and nested PCR. Reverse transcription
was performed with a specific HEV gene primer
using SuperScript lll First-Strand Synthesis System
for RT-PCR (Invitrogen, USA), in accordance with
the manufacturer’s instructions. The reaction was
carried out at 42°C for 60 minutes, followed by 95°C
for 5 minutes. The first and nested PCRs were carried
out using the Platinum Il Hot-start PCR master mix
(Invitrogen, Lithuania), following the manufacturer's
instructions. The cycling conditions for the first PCR
were 35 cycles of 95°C for 30 seconds, 42°C for 30

seconds, and 60°C for 45 seconds. Respectively,
the cycling conditions for the nested PCR were 40
cycles of 95°C for 30 seconds, 60°C for 20 seconds,
and 72°C for 15 seconds. The amplification products
were analyzed by agarose gel electrophoresis. After
purification, PCR products were sequenced using the
Genomelab Dye Terminator Cycle Sequencing (DTCS)
Quick Start Kit on an automated DNA sequencer
(Beckman Coulter, Inc., Fullerton, CA).

Statistical and bioinformatic analysis

Numbers and percentages (n, %) were used to
present qualitative variables. Data obtained after
Sanger sequencing were processed and analyzed by
two types of software - BioEdit and MEGA software
version 11 (MEGA11). The raw data obtained from
the sequencer represent paired-end nucleotide
reads in FASTA format were analyzed by BioEdit,
the biological sequence alignment editor. With
the BioEdit the reads were filtered and low-quality
reads were removed, the forward and reverse paired
reads were normalized and a consensus nucleotide
sequence was generated. The set of HEV reference
sequences was obtained from the GenBank - genetic
sequence database of the National Center for
Biotechnology Information (NCBI) (36). In total 34
sequences were downloaded from the GenBank: 24
reference HEV sequences (AB248521; AB369687;
AF455784; FJ906895; L08816; FJ457024; MH809516;

KX387865; KJ496143; AB197673; AB856243;
AB573435; AP003430; AF082843; AY115488;
AB369689; MF959765; LC260517; KP294371;
FJ998008;  FJ705359; JQ013794; JQ953664;

KU513561) (7); 8 sequences from Bulgarian patients
with acute viral hepatitis E (MH203185; MH203169;
MH203164; MH203227, MH203186; MH203187;
MH203191; MH203166 (17); and 2 - from Bulgarian
slaughterhouse pigs (MZ555942, MZ555941) (37).
Using the Molecular Evolutionary Genetics Analysis
(MEGA) software version 11 (MEGA11) [https://www.
megasoftware.net], both the consensus sequences,
created by BioEdit, and the reference sequences,
were aligned together using ClustalW option. After
that a maximume-likelihood analysis of the resulting
alignment was performed to generate a phylogenetic
tree. The bootstrap consensus tree inferred from
1000 replicates is taken to represent the evolutionary
history of the taxa analyzed.
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RESULTS

Characteristics of the case-samples

From a total of 12 sequenced samples, 10 were
from patients with laboratory-confirmed acute viral
hepatitis type E (AVH-E). Two of the serum samples
were from patients with cirrhosis (Cl) (Table 1).
Real-Time PCR showed variable levels of viremia in
the case samples. The median viral load was 167
759 1U/ml, ranging from 360 IU/ml to 4 927 500 U/
ml (Table 1). The lowest detected viral load (360 1U/
ml) was measured in a sample from a patient with
AVH-E. The highest (4 927 500 IU/ml) concentration
of HEV RNA was measured in a sample from a patient
with Cl. Both patients with clinically proven Cl were
characterized with a high viral load with a median
value of 2 624 688 IU/ml. The median viral load in
AVH-E patients was 11 235 |U/ml.

Phylogenetic analysis —
genotyping

A phylogenetic tree was built using the 12 case-

genotyping and sub-

sequences and 14 complete HEV genome reference
sequences (Figure 1/case-seq-Probl g-t 1-8). The
studied case-sequences were stably defined into
monophyletic group with HEV genotype 3 reference
sequences. At the same time the case-sequences
were separated in well-characterized sub-groups: A
(n=8) and B (n=3). One of the sequences (696AVH20)
forms a separate branch from the common ancestors
with European and Japanese reference genotype 3

Vol. 52,2024, 1

The
from subgroup A shared the most recent common

complete genome sequences. sequences
ancestor with a reference sequence from Mongolia.
Sub-group B clustered next to reference sequences
from Italy and Germany.

Further, the

was computed including the 12 case-sequences,

sub-genotyping phylogenetic tree

previously published 8 human and 2 swine Bulgarian
13 HEV sub-genotype 3
complete genome sequences and the complete

sequences, reference
genome rabbit sequence (Ref3ra) (7), which was well
defined in a separate branch within HEV-3 genotype
(Figure 2/Aligh_case-seq&ISS&pig_sub_g-t cut_ 13-
01-2024) (17, 37). The sub-genotyping tree revealed
three well-defined clusters from the Bulgarian
sequences. The majority (n=13) were grouped into
a separate clade (C) with a common ancestor with
reference HEV-3e sub-genotype. The second small
but well-defined clade (D, n=3) was composed by
three separate branches of the Bulgarian sequences,
and formed separate monophyletic sub-group with
the reference HEV-3f subgenotype. Taking into
account that both clades C and D, were characterized
by significant bootstrap values (91 and from 60 to
95, respectively) the sequences could be assigned
as HEV sugenobtypes 3e and 3f, respectively. The
third cluster (E, n=3) was statistically well supported
(bootstrap value of 100) and represents a group of
Bulgarian sequences that could not be assigned to any
HEV-3 subgenotype. After sub-genotyping, the case-

Table 1. Main characteristics of the analyzed case- samples.

. Genotype
Sample ID Diagnosis Viral Load / Sub—c}llgster— Qenome fes
IU/ml . gion
ing/
224AVH21 | AVH-E 367375 HEV-3f 5923-6488
229AVH18 | AVH-E 1 560 HEV-3f 5923-6486
327AVH18 | AVH-E 2783750 HEV-3e 5960-6444
354AVH18 | AVH-E 13 643 HEV-3e 5923 -6491
374AVH19 | AVH-E 2931 250 HEV-3e 5920 -6489
376AVH20 | AVH-E 360 HEV-3 5923-6489
1716AVH19 | AVH-E 8 826 HEV-3e 5958-6490
324CI19 CI 4927 500 HEV-3 5923-6487
100CI19 CI 321875 HEV-3e 5956-6487
2957AVH19 | AVH-E 432 375 HEV-3e 5930-6492
780AVH20 | AVH-E 2 872 HEV-3 5924-6491
696AVH20 | AVH-E 6 756 HEV-3m 5921-6442

Legend: AVH-Acute viral hepatitis; Cl = cirrhosis
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sequence 696AVH20 that formed a separate branch
during the genotyping, shared a common ancestor
with the reference HEV subgenotype 3m sequence.
Due to maximal bootstrap support (of 100) the case-
sequence was assigned as HEV subgenotype 3m.
Bulgarian swine HEV sequences were grouped as
well/maximum supported bootstrap branch with
a referent HEV subgenotype 3c whole genome
sequence.

DISCUSSION

In recent years, HEV infection has emerged from
the group of neglected diseases. In Bulgaria, HEV
was isolated from patients with different clinical
manifestation and slaughterhouse pigs Bulgaria (17,
38, 37). In the present study, phylogenetic analysis of

Figure 1. Genotyping of the 12 case-sequences.

Evolutionaryanalysis by Maximum Likelihood method.
The evolutionary history was inferred by using the
Maximum Likelihood method and General Time
Reversible model (47)[1]. The tree with the highest
log likelihood (-4926.66) is shown. The percentage of
trees in which the associated taxa clustered together
is shown next to the branches. Initial tree(s) for the
heuristic search were obtained automatically by
applying Neighbor-Join and BioNJ algorithms to a
matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach,
and then selecting the topology with superior log
likelihood value. A discrete Gamma distribution was
used to model evolutionary rate differences among
sites (5 categories (+G, parameter = 1.1542)). The
rate variation model allowed for some sites to be
evolutionarily invariable ([+1], 51.17% sites). The tree
is drawn to scale, with branch lengths measured in
the number of substitutions per site. This analysis
involved 26 nucleotide sequences. There were a total
of 598 positions in the final dataset. Evolutionary
analyses were conducted in MEGA11 (48, 49).
Bootstrap 500. Reference sequences are marked
with green circles; study sequences are marked with
red circles.

the Bulgarian sequences (case- and NCBI published
ones, of human and animal origin, was conducted.
After partial ORF2 sequencing of the case-sequences
phylogenetic reconstruction was performed for HEV
genotype subgenotype identification. All evaluated
sequences belonged to HEV-3 genotype. Further
case-sequences were assigned as sub-genotypes 3e,
3f and 3m. Our results are consistent with those of
other recent studies on HEV. The majority of HEV
strains sequencedin other European countries belong
to subgenotyps 3¢, 3f, and 3e. For instance, in a 2020
study, two main HEV-3 subgenotypes, 3c and 3f, were
found in France, isolated from patients with AVH.
The study also demonstrated correlations between
the clinical course and particular subgenotypes,
highlighting the importance of understanding the
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genetic diversity of HEV (39). A genotyping study
conducted in Hungary, found that all sequences
isolated from patients with AVH belonged to
subgenotypes 3e and 3f. Similarly, a study conducted
in Croatia between December 2021 and March
2022 found HEV-3c subgenotype sequences in two
infected blood donors (41). A German study aimed
at establishing the phylogenetic and epidemiological
situation regarding HEV between 2010 and 2019,
identified HEV-3c as the predominant subgenotype,
with a continuing increase in the proportion of HEV-
3 3abchijklm strains (accepted as a new taxonomic
HEV clade). HEV-3c (67.3%) was the most prevalent
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Figure 2. Sub-genotyping analysis
Evolutionary analysis by Maximum Likelihood
method. The evolutionary history was inferred by
using the Maximum Likelihood method and Tamura-
Nei model (50)[1]. The tree with the highest log
likelihood (-4446.30) is shown. The percentage of
trees in which the associated taxa clustered together
is shown next to the branches. Initial tree(s) for the
heuristic search were obtained automatically by
applying Neighbor-Join and BioNJ algorithms to a
matrix of pairwise distances estimated using the
Tamura-Nei model, and then selecting the topology
with superior log likelihood value. A discrete Gamma
distribution was used to model evolutionary rate
differences among sites (5 categories (+G, parameter
= 0.4411)). The rate variation model allowed for
some sites to be evolutionarily invariable ([+],
30.35% sites). The tree is drawn to scale, with branch
lengths measured in the number of substitutions per
site. This analysis involved 35 nucleotide sequences.
There were a total of 598 positions in the final
dataset. Evolutionary analyses were conducted in
MEGA11 (48). Reference sequences are marked
with green squares, study sequences are marked
with red rhombuses, sequences from Bulgarian
patients with acute viral hepatitis E are marked with
purple triangles and the sequences from Bulgarian
slaughterhouse pigs with blue circles.

subgenotype, followed by HEV-3f, HEV-3e, and HEV-
3i(-like) with 14.3%, 9.7%, and 4.0%, respectively
(42). Although the virus exhibits significant genetic
diversity, subgenotypes 3f, 3c, and 3e are the most
commonly isolated among HEV-infected individuals
in Europe (43). Bulgarian sequences show homology
with referent HEV-3 complete genome sequences.
The sequences in the present study were grouped
into two main clades, homologous to both European
(originating from Italy and Germany) and Asian
(originating from Mongolia) whole genome HEV-
3 sequences. These data are in agreement with
the spatio -temporal reconstruction conducted by

10
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Zehender et.al. of the currently circulating in Europe
HEV-3 genotype . It was assumed that HEV-3 diverged
intotwo main clades and one of them further diverged
into the less common European sub-genotypes and
the Asian sub-genotypes common ancestor (44).
Based on sub-genotyping the analyzed human
sequences were further assigned as HEV-3e, 3f
and 3m and porc sequences were close to sub-
genotype HEV-3c. Previous phylogenetic analysis of
Bulgarian human sequences for the period 2013-
2015 established a similar distribution of HEV
sub-genotypes with the prevalence of sequences
assigned as HEV-3e and 3f (17). In their original
study Palombieri and co-authors (37) established
high nucleotide identity (92.0-93.9%) between the
analyzed Bulgarian porc sequences and HEV-3c
human sequences. HEV-3c was detected in pig porc
fecal samples from Germany, Italy, Netherlands and
Poland (45). It is worth mentioning that a switch from
sub-genotypes HEV-3f and 3e to sub-genotype 3c has
been observed in France, the United Kingdom, and
Belgium. This is due to the circulation of HEV sub-
genotypes in pig reservoirs (46).

A major drawback of our study is the small number
of the analyzed sequences — case-sequences and
selected ones from the NCBI. Although a two-step
alignment process was used, involving genotyping
followed by sub-genotyping, one of the sequences
could not be assigned to a specific sub-genotype.
Conclusion: A larger study is required to determine
the circulation of all possible subgenotypes of HEV
in the country because of the significant genetic
diversity of the virus and the constant emergence of
new subgenotypes.
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