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Serological evidence of infection with rodent-borne hepatitis E virus HEV-C1 or
antigenically related virus in humans
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ABSTRACT. Zoonotic potential of a rat-derived hepatitis E virus (HEV), designated as HEV-C1, remains unknown. To evaluate the risk for
HEV-CI infection in humans, paired sera of 208 hospitalized febrile patients collected from 2001 to 2003 in Hanoi, Vietnam, were examined
for IgG antibodies to HEV-C1 and genotype 1 HEV (HEV-1), which is common in humans. IgG antibodies to virus-like particles (VLPs) of
HEV-C1 and/or HEV-1 were detected from 99 of the 208 convalescent sera in enzyme-linked immunosorbent assay (ELISA). IgG antibody
titers to HEV-C1 antigen in 3 of the 99 sera were more than 8-fold higher than those to HEV-1 antigen. IgM antibodies to HEV-C1 antigen
were detected in acute sera from 2 of the 3 patients in ELISA and Western blotting. However, no HEV genome was detected. Clinical
information was available for 1 of the 2 patients. Hepatic enzymes, aspartate aminotransferase and alanine aminotransferase, were mildly
elevated (156 1U/l and 68 1U/I, respectively), and hepatomegaly was detected by ultrasonography. The patient recovered from the illness
after 17 days. These results indicated that HEV-C1 or its variants infect humans in Vietnam and may cause acute febrile illness with mild
liver dysfunction.
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Hepatitis E virus (HEV) is one of the major causes of
acute hepatitis. HEV is usually transmitted to humans via the
fecal-oral route. There are more than 3 million cases world-
wide every year with a fatality rate of 1.9%, and most cases
occur in developing countries. Pregnant women are at higher
risk for severe disease; the fatality rate is as high as 19.8%
[15]. HEV is classified into the family Hepeviridae, genus
Orthohepevirus, whose genome is single-stranded positive
sense RNA containing 3 open reading frames (ORFs). ORF1
encodes polyprotein with putative functional domains of
methyltransferase, protease, helicase and RNA-dependent
RNA polymerase [6]. ORF2 encodes capsid protein, and
ORF3 encodes phosphoprotein involved in virus release [2].
The genus contains 4 species: Orthohepevirus A to D [16].
To date, genotypes 1 to 4 HEV (HEV-1 to -4) of Orthohepe-
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virus A, tentatively designated as human HEV, are known
to cause disease in humans. However, recent discoveries of
novel HEVs from various animals have raised suspicions
about their potential risk for human health.

HEV-C1 of Orthohepevirus C, formerly called rat HEV,
is a novel HEV discovered from wild rodents in Germany
in 2009 [5]. Following that report, we and other groups have
also found HEV-C1 in Vietnam, U.S.A., Indonesia, Den-
mark and China [10, 12, 13, 14, 17], suggesting a worldwide
distribution of HEV-C1. HEV-C1 is genetically distant from
human HEV: nucleotide sequence identity of entire genome
is about 55%, and amino acid sequence identities of ORF1,
ORF2 and ORF3 proteins are about 50%, 55% and 30%,
respectively [4, 7]. Despite the low genetic identity, antise-
rum to human HEV cross-reacts to HEV-C1 antigen and vice
versa [4, 5, 10]. The cross-reactivity could impede detection
of specific antibody against HEV-C1 in serum specimens,
while the low genetic identify could hinder specific detection
of the viral genomic RNA by an RT-PCR method.

Zoonotic potential of HEV-C1 is a controversial issue. Pur-
cell et al. [14] reported that rhesus monkeys, which are highly
susceptible to HEV-3, did not develop viremia or antibodies
even after intravenous inoculation of 1032 50% infectious dose
of HEV-CI. On the other hand, Dremsek et al. [1] reported
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that some sera of healthy forestry workers in Germany reacted
more strongly to HEV-C1 antigen than to HEV-3 antigen. To
determine whether HEV-C1 causes disease in humans, it is
important to find patients with acute HEV-C1 infection. To this
end, in this study, we examined sera of patients in Vietnam,
where HEV-C1 is prevalent in rodents [10], for evaluation of
the risk for HEV-C1 infection in humans.

MATERIALS AND METHODS

Samples: Tested samples were acute and convalescent sera
collected from 208 hospitalized patients with febrile illness
suspected to be caused by rickettsioses at Bach Mai Hospital
in Hanoi, Vietnam, from 2001 to 2003. This is the largest
referral medical center with approximately 1,900 beds, cov-
ering residents in all provinces of northern Vietnam.

Enzyme-linked immunosorbent assay (ELISA): Anti-
HEV-1 and -HEV-C1 antibodies were detected by ELISA
with some modifications from previous reports [11, 12].
Briefly, 96-well EIA/RIA plates (Corning, Corning, NY,
U.S.A.) were each coated with 1 ug/m/ of virus-like particles
(VLPs) of HEV-1 and HEV-C1, which were generated by a
recombinant baculovirus system [9, 10], at 4°C overnight.
After blocking with phosphate buffered saline (PBS) con-
taining 3% bovine serum albumin (BSA) (Sigma-Aldrich,
St. Louis, MO, U.S.A.) at 37°C for 2 hr, the plates were
incubated with sera (1:200) at 37°C for 1 hr. Then, the
plates were incubated with horseradish peroxidase (HRP)-
conjugated goat anti-human IgG (KPL, Gaithersburg, MD,
U.S.A)) (1:10,000) or HRP-conjugated goat anti-human IgM
(KPL) (1:100,000) at 37°C for 1 hr. After that, the plates
were incubated with o-phenylenediamine dihydrochloride
solution at room temperature (RT) for 30 min. The reaction
was stopped with 10% H,SO,, and optical density (OD) at
a wavelength of 492 nm was measured by a spectrometer.
Plates were washed with PBS containing 0.05% Tween 20
(PBST) three times at the end of each step before coloring
step. The cutoff value was tentatively set at OD=0.8, which
was determined by histogram analysis (data not shown). At
the titration of IgG, serial two-fold dilutions of sera (1:200
to 1:51,200) were subjected to ELISA in the same way. IgG
titer was defined as the reciprocal of the highest dilution
showing an OD value of more than 0.8.

Western blotting: VLPs of HEV-1 and HEV-C1 were sep-
arated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and transferred to an Immobilon-P membrane
(Merck, Darmstadt, Germany) by conventional methods.
After blocking with Block Ace (DS Pharma Biomedical,
Osaka, Japan) at RT for 1 hr, the membrane was incubated
with diluted acute sera (1:2,000 to 1:64,000) at RT for 1 hr.
After washing with PBS for 15 min three times, the mem-
brane was incubated with HRP-conjugated goat anti-human
IgM (KPL) (1:40,000) at RT for 1 hr and washed again.
Chemiluminescent signal was developed by an ECL Prime
Western Blotting Detection System (GE Healthcare, Little
Chalfont, U.K.) and detected by ImageQuant LAS 4000
mini (GE Healthcare).

RNA extraction, reverse transcription and polymerase

chain reaction (PCR): Total RNA was extracted from acute
sera of patients with suspected acute HEV-C1 infection by
using a QIAamp Viral RNA Mini Kit (QIAGEN, Venlo, Neth-
erlands). cDNA was synthesized from the total RNA using a
random hexamer (Thermo Fisher Scientific, Waltham, MA,
U.S.A.) and SuperScript II Reverse Transcriptase (Thermo
Fisher Scientific) according to the manufacturer’s instructions.
cDNA was amplified by nested PCR using Platinum Taq DNA
Polymerase High Fidelity (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. Primer pairs, HEV-cs
and -cas and HEV-csn and -casn, reported by Johne et al. [5]
and primer pairs, HEV-F1 and -R2, HEV-F2 and -R1, rat-
HEV-F10 and -R7, and rat-HEV-F11 and -R9, reported by Li
et al. [8, 11] were used for nested PCR. We also designed the
following primers based on HEV-C1 sequences on the data-
base and used them in various combinations: Rat HEV F1S
(5'-GGCCCTTGGTTTAGGGCCATAGAGAAGGC-3', nt
4,037-4,101), Rat HEV F2S (5-GCCAACCTGCCTGAGTG-
GTGCTTTTATGG-3', nt 4,109-4,137), Rat HEV F3S
(5'-GAGAAGAACTGGGGCCCCGTGAAAGAGCG-3/,
nt 4,661-4,689), Rat HEV F4S (5-TTTGGCCCTTGGT-
TYMGGGCMATAGAGAA-3', nt 4,070-4,098), Rat HEV
F5S (5'-GCCAACCTGCCYGARTGGTGYTTTTATGG-3',
nt 4,109-4,137), Rat HEV F6S (5'-TGTTATGGAAYACW-
GTCTGGAAYATGGC-3', nt 4,398-4,425), Rat HEV RIS
(5'-GCGGCACGAACAGCAAAAGCACGAGC-3, nt
4,945-4,970), Rat HEV R2S (5'-GCTACAGCCCAGAGT-
GTTATTCCTTC-3', nt 4,891-4,916), Rat HEV R3S
(5'-GCTGTCAWYGGCGACTGCCCGGCATCGGG-3', nt
5,201-5,229), Rat HEV R4S (5'-CAGCGGCACGAACAG-
CARAAGCASGAGC-3', nt 4,945-4,972) and Rat HEV R5S
(5'-CGCTCYTTCACGGGRCCCCARTTCTTCTC-3', nt
4,661—4,689). The nucleotide numbers after primer sequences
correspond to positions in the genome sequence of HEV-C1
strain Vietnam-105 [7].

Ethic statement: This study was approved by the Ethics
Committee of Hokkaido University Graduate School of
Medicine.

RESULTS

Screening of anti-HEV-CI and -HEV-1 IgG antibodies
by ELISA: First, we screened for IgG antibodies to HEV-C1
and HEV-1 in convalescent sera by ELISA [10, 11]. VLPs of
HEV-C1 and HEV-1 generated by a recombinant baculovi-
rus system [9, 10] were used as antigens. Since antigenicities
of HEV-1 to -4, which cause human infection, are closely
related to each other [18], VLPs of HEV-1 were used as a
representative antigen for HEV-1 to -4. As aresult, 70 and 82
of the 208 convalescent sera were judged to be positive for
IgG antibodies to HEV-C1 and HEV-1 antigens, respectively
(Fig. 1). In total, 99 of the 208 sera were positive for anti-
HEV-C1 and/or anti-HEV-1 antibodies.

Comparison of IgG antibody titers to HEV-C1 and HEV-1
antigens: When reactivities of sera against HEV-C1 and
HEV-1 antigens were compared, some sera showed higher
reactivity against HEV-C1 antigen than HEV-1 antigen
(Fig. 1). We then compared IgG antibody titers to HEV-C1
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Fig. 1. Reactivity of convalescent sera to HEV-1 and HEV-C1 an-
tigens in enzyme-linked immunosorbent assay (ELISA). 200-fold
dilutions of 208 convalescent sera were subjected to ELISA using
virus-like particles (VLPs) of HEV-1 and HEV-C1 as antigens. The
cutoff value was tentatively set at optical density (OD) of 0.8 and is
shown as dashed lines.

and HEV-1 antigens in the 99 sera. IgG antibody titer was
defined as the reciprocal of the highest dilution showing
more than the cutoff value. In most of sera, IgG titers to
HEV-C1 and HEV-1 were similar level. However, some sera
showed marked difference in the IgG titers (Fig. 2). In the
case shown in Fig. 2A, IgG titers to HEV-C1 and HEV-1
were 3,200 and 200, respectively, and therefore, IgG titer
to HEV-C1 was 16-fold higher than that to HEV-1. On the
other hand, in the case shown in Fig. 2B, IgG titer to HEV-1
was 8-fold higher than that to HEV-C1. Ratio of IgG titer
to HEV-C1 divided by IgG titer to HEV-1 was determined

for each sample, and the number of samples at each ratio
is listed in Table 1. Li ef al. [10] reported that IgG titer to
HEV-1 in a serum of HEV-1-infected patient was 16-fold
higher than IgG titer to HEV-C1. Hence, we tentatively set
up 8 and 1/8 as threshold ratios to differentiate between sera
from HEV-C1- and HEV-1-infected patients. As a result, 3
patients each (designated as #1 to 3 and #4 to 6) were judged
as patients suspected of having HEV-C1 and HEV-1 infec-
tion, respectively (Table 1).

Detection of anti-HEV-C1 and anti-HEV-1 IgM antibod-
ies: In order to find patients with acute HEV-C1 and HEV-1
infection, acute sera of the patients #1 to 3 and patients #4
to 6 suspected of having HEV-C1 and HEV-1 infection,
respectively, were examined for IgM antibodies by ELISA.
IgM antibodies to HEV-C1 were detected from 2 of the 3
acute sera of patients suspected of having HEV-CI1 infection,
while IgM antibodies to HEV-1 were detected from 1 of the
3 acute sera of patients suspected of having HEV-1 infec-
tion (Fig. 3A). In order to confirm the results, acute sera of
patients #1, 2 and 4 were subjected to Western blotting for
detecting IgM antibodies. As a result, acute sera of patients
#1 and 2 showed obviously higher reactivity to recombinant
capsid protein (about 53 kDa) constituting VLPs of HEV-
C1 than that of HEV-1 (Fig. 3B). Acute serum of patient #4
reacted to the capsid protein of HEV-1 and also reacted to
that of HEV-C1.

Clinical information: Some clinical information was
available for the patient #1. Hepatic enzymes, aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT),
were mildly elevated (156 and 68 1U/I, respectively), and
hepatomegaly was detected by ultrasonography. The patient
recovered from the illness and was discharged after 17 days.

Detection of RNA of HEV-CI: In order to obtain direct
evidence of HEV-C1 infection in humans, we tried to detect
viral RNA from sera of the patients with IgM antibodies
by reverse transcription and nested PCR. However, despite
repeated trials, no HEV genome was detected.
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Representative data of sera showing strong reactivity to HEV-C1 (A) or HEV-1 (B) antigen in IgG

ELISA. Serial 2-fold dilutions of sera were subjected to ELISA using VLPs of HEV-C1 and HEV-1 as antigens.
Open and filled circles indicate optical density (OD) values for HEV-C1 and HEV-1 antigens, respectively. The
cutoff value was tentatively set at OD of 0.8 and is shown as dashed lines.



1680 K. SHIMIZU ET AL.

Table 1. Number of samples at each ratio of IgG titer to HEV-CI to
1gG titer to HEV-1 and suspected virus infected in the patients

Ratio®  No.samples  Suspected virus infected in the patients®

16 1

3 5 HEV-C1

4 6

2 15

1 15 Not differentiated
1/2 43
1/4 14
1/8 3 HEV-1

a) 1gG titer to HEV-C1 / IgG titer to HEV-1. b) Threshold ratios to differ-
entiate between sera from HEV-C1- and HEV-1-infected patients were
tentatively set at 8 and 1/8.

DISCUSSION

In order to evaluate the risk for HEV-C1 infection in hu-
mans, we examined sera of 208 febrile patients in Vietnam
where HEV-CI1 is prevalent in rodents [10]. IgG antibodies
to HEV-CI antigen were detected from 70 of the 208 pa-
tient sera in ELISA. Although most of the 70 sera were also
positive for IgG antibodies to HEV-1 antigen, IgG titers to
HEV-C1 antigen in 3 sera were more than 8-fold higher than
those to HEV-1 antigen (Table 1). IgM antibodies to HEV-
C1 antigen were also detected from 2 of the 3 acute sera of
patients in ELISA and Western blotting (Fig. 3). In addition,
the reactivity of the IgM antibodies to HEV-C1 antigen was
obviously higher than that to HEV-1 antigen. These results
suggest that HEV-C1 infects humans.

Alternatively, there is a possibility that an HEV variant
antigenically related to HEV-C1 infects humans. There are
diverse members in the genus Orthohepevirus, which were
discovered from a wide variety of animals. Orthohepevirus
A contains isolates from human, pig, wild boar, deer, mon-
goose, rabbit and camel, Orthohepevirus B contains isolates
from chicken, Orthohepevirus C contains isolates from rat,
greater bandicoot, Asian musk shrew, ferret and mink, and
Orthohepevirus D contains isolates from bat [16]. As in the
case of HEV-C1 and HEV-1 [10], antigenic cross-reactivity
between human and swine isolates of Orthohepevirus A
and avian isolate of Orthohepevirus B was also reported
[3], despite the low amino acid sequence identity of capsid
proteins of the viruses (approximately 48 to 49%). These re-
ports suggest the existence of viruses antigenically related to
HEV-CI. Further studies are needed to determine antigenic
relationship between HEV-C1 and various animal-derived
HEVs.

Dremsek et al. have also found IgG antibodies to HEV-
C1 antigen from some sera of healthy forestry workers in
Germany [1]. However, they did not detect IgM antibodies
and not investigate patient sera. We detected for the first time
IgM antibodies to HEV-C1 antigen in patient sera. In addi-
tion, we found that one of the patients developed mild liver
dysfunction. The patient was negative for IgG antibodies to
Rickettsia japonica and Orientia tsutsugamushi. Although a
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Fig. 3. Detection of IgM antibodies in acute sera. (A) Detection by
ELISA. Acute sera from patients #1 to 3 and patients #4 to 6 who
were suspected of having HEV-C1 infection and HEV-1 infection,
respectively, were diluted to 1:200 and subjected to ELISA using
VLPs of HEV-C1 and HEV-1 as antigens. Open and filled bars
indicate optical density (OD) values for HEV-C1 and HEV-1
antigens, respectively, which were normalized by subtracting OD
values for null antigen. (B) Detection by Western blotting. Acute
sera from 3 patients (#1, 2 and 4) were subjected to Western blot-
ting using VLPs of HEV-C1 and HEV-1 as antigens. Acute sera of
patients #1 and #4 were diluted to 1:4,000 to 1:16,000 and 1:2,000
to 1:16,000, respectively, and incubated with HEV-C1 and HEV-
1 antigens. Acute serum of patient #2 was diluted to 1:16,000 to
1:64,000 or 1:4,000 to 1:16,000 and incubated with HEV-C1 or
HEV-1 antigens, respectively. The arrowhead indicates the size of
capsid protein constituting VLPs of HEV-C1 and HEV-1.

low level of IgG antibodies to R. typhi was detected from the
patient, the titer did not increase from acute to convalescent
phase. These results suggest that HEV-C1 or its variants may
cause disease in humans. However, despite repeated trials,
no HEV genome was detected from the patient serum. This
failure might be due to a low level of viral RNA in sera,
heterogeneity of the virus and/or degradation of viral RNA
during storage. Although whole blood or buffy coat may be
suitable for detection of viral RNA, they were not available
in this study. Genetic identification of the putative HEV-C1
is a future subject to be solved.

In conclusion, HEV-C1 or HEV variants that are antigeni-
cally related to HEV-C1 might infect humans. The patient
with IgM antibodies to HEV-C1 antigen developed illness
with mild liver dysfunction. However, no HEV genome was
detected. Therefore, further studies are needed to elucidate
the potential risk of HEV-C1 infection.
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