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Subjects: Virology
Contributor: Gabor Reuter , Akos Boros , Péter Pankovics

Hepatitis E virus (HEV) (family Hepeviridae) is one of the most common human pathogens, causing acute hepatitis
and an increasingly recognized etiological agent in chronic hepatitis and extrahepatic manifestations. Not only the
members of the species Orthohepevirus A (HEV-A) pathogenic to humans but a genetically highly divergent rat
origin hepevirus (HEV-C1) in species Orthohepevirus C (HEV-C) is also able to cause zoonotic infection and

symptomatic disease (hepatitis) in humans.

hepevirus orthohepevirus rat human Zoonosis reservoir

Cross-species transmission

| 1. Introduction

Hepatitis E virus (HEV) is one of the most common pathogens causing acute hepatitis in tropical and subtropical
areas and an increasingly recognized pathogen in acute, chronic hepatitis and extrahepatic manifestations in
developed countries . In general, HEV has a positive-sense, single-stranded 6.6—7.3kb-long RNA genome
containing three open reading frames (ORFs) [@. The ORF1, ORF2, and ORF3 encode the viral non-structural,
capsid, and a small immunoreactive proteins, respectively. Hepeviruses are members of the
family Hepeviridae and are classified into two genera: Orthohepevirus and Piscihepevirus 2.
Genus Orthohepevirus can be divided into four species: Orthohepevirus A—D. Within the species Orthohepevirus A,
at least 8 distinct genotypes (HEV-1 to HEV-8) and several sub-genotypes have been identified 2EI4l, |t should
also be noted that there are several further unassigned hepeviruses in the family which predict future significant
change in the taxonomy of the virus family. The known sources and transmission routes of HEV infections in
human are diverse and—based on the present knowledge—influenced by the genetic variants of the virus.
Historically, it is generally thought that HEV is transmitted by human-to-human in developing countries because of
the low social and hygienic conditions and only travel-related imported cases occur in developed countries. The
most important initial breakthrough was the first detection of HEV in animal species, in swine in 1997 &I, which

confirmed, for the first time, the possibility of the animal-to-human transmission of HEV as a zoonosis.

| 2. Phylogenetic Analysis of Rat Hepeviruses

The members of the species Orthohepevirus C are constituted a distinct group. The nucleotide sequence p-
distance within groups of species HEV-C1 and HEV-C2 seems to be low, from 4.2 £ 2.1% to 20.9 £ 6.1%
throughout the nucleotide coding region (CDS) of ORF1-ORF4 in each group (data not shown). With a comparison,
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the mean p-distance scores are 9.7%, 28.9%, 19.7%, 17.4%, 23%, 15.1%, 9.7% within HEV-1, HEV-2, HEV-3,
HEV-4, HEV-6, HEV-7, and HEV-8 groups in Orthohepevirus A, respectively. The cluster analysis is a common
technique to classify or grouping data (sequences) to provide evolutionary connections or map the relationship
between the related species B, The rodent hepeviruses form a discrete phylogenetic cluster among
species Orthohepevirus C in family Hepeviridae (Eigure 1). Based on the phylogenetic analysis (agglomerative,
single linkage clustering) these sequences are separable at least four different clusters (C1, C2, “C3”, and “C4"),
showing the evolutionary/phylogenetic position of one sequence in among similar/homologous species.
Complementing the phylogenetic analysis with k-means cluster analysis, not only the distances between individual
sequences can be observed more clearly, but intergroup relationships among rodent origin hepeviruses could be
more perceptible (Figure 2) 8. The analysis shows that HEV-C1, C2, and the tentative “C3” group of viruses
in Orthohepevirus C could evolve together and may co-evolve with different rodent hosts. The viruses currently
thought to be in the HEV-“C4” group are genetically distant from rat hepeviruses, but these viruses are closely
related to the hepeviruses found in rodents in family Cricetidae based on the distance calculation between group
mean distance: HEV-C1 to C2 is 43.8%, to “C3" is 50.8%, to “C4" is 67.7%, and to unassigned rodent origin
hepeviruses is 69.4%, respectively (Figure 2b). Estimating of the average evolutionary divergence over sequence
pairs within groups were 24.3% (standard error: 0.54%), 20.4% (s.e.: 0.68%), 8% (s.e.: 0.4%), 11.8% (s.e.: 0.5%),
and 65.7% (s.e.: 1.08%) in HEV-C1, HEV-C2, HEV-“C3", and HEV-“C4” viruses and unassigned rodent-origin
(kestrel and common vole) hepeviruses by MEGA software. The mean diversity in the entire population is 51%
(s.e.: 0.9%). It seems hepeviruses identified from rodents are genetically much more diverse than hepeviruses
phylogenetically classified into cluster Orthohepevirus A. It is conceivable that rodents may be one of the key hosts

and/or sources of the spread of hepevirus.

https://encyclopedia.pub/entry/2812 2/8



Hepatitis E Virus | Encyclopedia.pub

—_—
8.2 et st i ORF2
H
L
.
L ]
o
— 10 ] ]
o e
N
e thokcperivan B—ge
Ak P
a'® GURHH :u.wm
HigFliet ) Prlbeperires [ BT
A) mon-structural ORF1 encoding mueleotide sequenoes B viral capsid ORF2 encoding nucleotide sequences

Figure 1. The phylogenetic reconstruction of hepeviruses. Phylogenetic trees are generated based on the (A)
ORF1-encoded non-structural polyprotein (left) and (B) ORF2-encoded capsid protein (right) sequences and each
tree are rooted to piscihepevirus A (Piscihepevirus) srain Heenan88 (HQ731075). Each phylogenetic tree is
focusing on the analysis of the rodent origin HEV-C1 (magenta), HEV-C2 (pink) sequences in Orthohepevirus
C (red) complementing with the currently unassigned rodent-borne hepevirus sequences. The putative HEV-“C3”
and HEV-“C4” clades in Orthohepevirus C are also highlighted. The rodent hepeviruses are marked with black dot,
while rodent origin HEV-C1 in human infections are highlighted by white dot. The reported (potential) source of
infection of hepeviruses are shown next to the lineages. The phylogenetic subtrees are compressed based
representative genotypes in Orthohepevirus A. The following sequences are used in subtree HEV-1: AY230202,
MH918640, AY204877, X98292, L08816, D11092, LC225387, M73218, JF443721, FJ457024; HEV-2: MH809516,
KX578717; HEV-3: FJ705359, KP294371, FJ998008, MF959764, LC260517, MF959765, KU513561, MK390971,
JQO013794, JQ953664, AB301710, AP003430, KT633715, AF082843, AY115488, AB369689, AB369687,
EU723512, EU360977, AB290313, AB248521, JQ026407, AF455784, FJ906895; HEV-4. DQ450072, AB108537,
MK410048, AB369688, AB220974, AB074915, KU356182, KF736234, AB197673, AY723745, AJ272108,
LC428039, DQ279091; HEV-5: AB573435; HEV-6: AB856243, AB602441; HEV-7. KJ496144, KJ496143; HEV-8:
MH410176, KX387867, KX387865. The evolutionary analyses were conducted in MEGA X & and phylogenetic
trees were inferred by using the Maximum Likelihood method and Jukes-Cantor model . The tree is drawn to

scale, with branch lengths measured in the number of substitutions per site.
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Figure 2. Cluster analysis of hepeviruses based on the complete nucleotide sequences of open reading Figure
3 (ORF1). (A) Plot A represents the distribution of representative hepevirus species in Hepeviridae, and (B) Plot B
focuses on the distribution of rodent origin hepeviruses. Piscihepevirus A (purple), Orthohepevirus A (green),
B (gold), C (red), and D (blue) and currently unassigned (yellow and black) species in Plot A and Plot B,
respectively, are K-means clustered together 19, The rodent origin hepevirus clusters in Orthohepevirus C, HEV-
C1 (magenta), HEV-C2 (brown), and two novel clusters, HEV-“C3” (yellow) and HEV-“C4” (orange), are shown in
Plot B. Briefly, a total of 101 and 40 complete coding sequence (CDS) of ORF1 sequences in Plot A and Plot B,
respectively, are aligned by MEGA using codon based ClustalW alignment method and analyzed by R using seqinr,
msa, cluster, factoextra, and randomColoR packages. An identity matrix of pairwise distances from aligned
nucleotide sequences was calculated. The matrix scaled and the optimal number of clusters and the means

(centres) of each cluster were estimated. The R algorithm code could be provided on request.
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Figure 3. Schematic genome organization of rodent origin hepeviruses in species Orthohepevirus C and closely
related, unassigned rodent hepeviruses. (A) The genome representation, (B) the significant nucleotide signals, and
(C) the prediction of secondary RNA structural elements in rodent hepeviruses are presented. The alignment of the
subgenomic RNA promoter sequence region (black dotted line), including the cis-reactive site (CRE) (red dotted
line) and the transcription initiation site (TSS) (green dotted line), are highlighted. The consensus nucleotide Logo
is generated from the alignment (£, The internal ribosome entry site (IRES)-like, internal stem-loop (ISL)1/ISL2,
CRE secondary RNA structural elements were predicted by ViennaRNA Web Service using the RNAfold server 121,
Open reading frame (ORF)4 is not present in all members of the orthohepevirus C.

3. Rat Hepevirus (HEV-C1) Infections in Human and Roles in
Disease

The zoonotic potential of HEV-C was first suggested, as enzyme-linked immunosorbent assays (ELISAS) with E.
coli expressed capsid protein indicated possible subclinical infection with HEV-C among forestry workers in
Germany 13 and febrile inpatients in Vietnam 4. The first confirmed human infection associated with rat
hepevirus was detected from 1 (1.9%) of the 52 solid organ transplanted and immunocompromised patients with
persistent hepatitis in Hong Kong, in 2017 13! (Table 1). The 56-year-old man had abnormal liver function tests at
day 59 post-liver transplantation and only the RT-PCRs using the pan-orthohepevirus primers and sequencing

confirmed the presence of rat origin HEV-C1 in plasma, feces, saliva, and liver tissue specimens 13, The patient
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was successfully treated with a 7-month-long oral ribavirin therapy. The source of the infection is potentially
associated with rodent droppings in his living environment 12, Based on this result, a 31-month-long prospective
investigation found another 6 (0.27%) of 2201 patients with hepatitis and 1 (0.15%) of 659 immunocompromised
persons with rat HEV-C1 infections including five patients in two neighbouring districts in Hong Kong between 2017
and 2019 1€l (Table 1). Clinically, the orthohepevirus C hepatitis was generally milder than orthohepevirus A
hepatitis with lesser mean peak ALT (alanine-aminotransferase) and bilirubin 8. Expanding the geographic
distribution of severe hepatitis caused by rat HEV-C1 was reported from Canada as a potential imported infection
from Africa 12, On the other hand, rat HEV-C1 RNA was not detected by RT-PCR from sera collected from 162
patients with acute hepatitis tested positive by HEV IgM ELISA based on viruses in species Orthohepevirus A in
Hungary 18, These first reports support that viruses in species Orthohepevirus C are capable of causing human
infection and disease, including acute and persistent hepatitis and subclinical infection. These results show that,
maybe, immunocompromised patients seem to be more susceptible and at risk for these types of infection than
immunocompetent patients. One of the most important questions is the frequency and the transmission mode of
the infection because the exact transmission route of orthohepevirus C to human is not confirmed. Humans may
have been infected directly via contact with environmental surfaces contaminated by rat droppings 22 or indirectly
by contamination of water or food products (e.g., consumption of rat meat or adulterated meat products). The
transmission of orthohepevirus C from rat (or rodents) through the intermediate animal host (e.g., domestic
animals, etc.) to humans is also an open question, as well as the role as blood-borne pathogen through blood
transfusion and/or organ transplantation. Mapping the transmission routes of orthohepevirus C are necessary to

prevent human infections. Ribavirin could be an effective treatment against HEV-C1 [15],

Table 1. Summary of human infections (N = 9) associated with rat origin HEV-C1 virus (species Orthohepevirus C)

in the literature. HBV = hepatitis B virus.

Potential
. . . Acute Source of Geographic GenBank
Patient Underlying Disease Disease the Region (Year) Acc. No Reference
Infection

56- . .

ear- DL persistent rodent Hong Kong
y HBV carrier, © . MG813927 [15]

old . . hepatitis droppings (2017)

immunocompromised
man
ct. Dis.

71-
year- rheumatoid arthritis, acute Hong Kong [16]

old immunocompromised hepatitis unknown (2017) MN450851

female ‘amoto,
1, UK,

67-
year- Ifldney transplantqnon, per5|st.e.nt unknown Hong Kong MN450852 [16]

old immunocompromised hepatitis (2018) -

man titis E

Virus. viruses 2019, 11, 456.
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12. Lorenz, R.; Bernhart, S.H.; Siederdissen, C.H.; Tafer, H.; Flamm, C.; Stadler, P.F.; Hofacker, I.L.
ViennaRNA Package 2.0. Algorithms Mol. Biol. 2011, 6, 26.
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mvestlgate how frequent is the HEV-C1 infection in human and what percentage of human HEV disease
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low antigen cross-immunity in serological test and ii) amplification failure in RT-PCRs because of primer mismatch

(131 serologic tests should be developed which can detect both orthohepevirus A and orthohepevirus C antibodies
(at the same time) in humans by ELISA, and we need to extend the coverage of the diagnostic primers and probes
for both HEV-A and HEV-C (particularly HEV-C1) in molecular methods.

Confirmation of HEV-C1 infections and symptomatic diseases in humans re-opened the long-lasting and full of
surprises story of HEV in human. Rat HEV-CL1 is also proving that further studies are needed to explore the full

animal reservoir, cross-species transmission, and genetic diversity of hepeviruses potentially threatening humans.
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