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Prevalence of Hepatitis E Virus Infection Among
Hemodialysis Patients in Japan: Evidence

for Infection With a Genotype 3 HEV by

Blood Transfusion
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To investigate the prevalence of hepatitis E virus
{HEV) infection among patients on maintenance
hemodialysis, serum samples collected in January
2003 from 416 patients who had been undergo-
ing hemodialysis for 7.6 £ 6.3 {mean + standard
deviation) {range, 0.3-26.0) years in a dialysis
unit in Japan and serum samples that had been

collected from these patients at the start of.

hemodialysis were tested for IgG antibodies to
HEV (anti-HEV IgG) by an “in-house’’ enzyme-
linked immunosorbent assay (ELISA). Overall,
39 patients (9.4%) had anti-HEV IgG in January
2003, and included 35 patients (8.4%) who had
already been positive for anti-HEV IgG at the
start of hemodialysis and 4 patients {1%) who
seroconverted after initiation of hemodialysis.
Periodic serum samples that had been collected
from the four seroconverted patients were tested
for HEV antibodies and HEV RNA. The four
patients became positive for anti:HEV IgG in
1979, 1980, 1988, or 2003, and continued to be
seropositive until the end of the observation
period. Although anti-HEV IgM was not detect-
able in the four patients, three were infected
_ transiently with apparently Japanese indigenous
HEV strains of genotype 3. The patient who
contracted HEV infection in 1979 had been
transfused with 2 U of blood 21 days before the
transient viremia: one of the two stored pilot
serum samples had detectable HEV RNA with
100% identity to that recovered from the patient.
Our study provides evidence of transfusion-
transmitted HEV infection in Japan in 1979,
and that the prevalence of de novo HEV infec-
tion during hemodialysis was low {1.1% or 4/374).
J. Med. Virol. 74:563-572, 2004.
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INTRODUCTION

Hepatitis E, which is caused by hepatitis E virus
(HEV), is an important public health concern in many
developing countries where sanitation is suboptimal:
large epidemics of hepatitis E have been reported in
Asia, Africa, and Latin America [Purcell and Emerson,
2001]. Although only sporadic cases of acute hepatitis B
have been reported in many industrialized countries
including the United States, European countries,
and Japan [Harrison, 1999; Purcell and Emerson,
2001; Schlauder and Mushahwar, 2001; Smith, 2001;
Okamoto et al., 2003], a significant proportion of healthy
individuals in industrialized countries are seropositive
for HEV antibodies [Mast et al., 1997; Thomas et al.,
1997]. HEV was recently classified as the sole member
of the genus Hepevirus in the family Hepeviridae. Its
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genome is a single-stranded, positive-sense RNA of
approximately 7.2 kb. It consists of a short 5’ untrans-
lated region (UTR) followed by three partially over-
lapping open reading frames (ORFs: ORF1, ORF2, and
ORF3), and then a short 3' UTR terminated by a poly(A)
tract [Reyes et al., 1990; Tam et al., 1991; Huanget al,,
1992; Wang et al., 20001].

Extensive genomic diversity has been noted among
HEV isolates, and HEV sequences have tentatively
been classified into four genotypes (genotypes 1-4). The
majority of HEV infections in developing countries are
caused by genotype 1; one epidemic of infection with
HEV of genotype 2 has been documented in Mexico;
and only isolated cases of infection with HEV of
genotype 3 or 4 have been described in industrialized
nations [Schlauder and Mushahwar, 2001]. Recent
studies have indicated that hepatitis E is a zoonosis
[Meng et al., 1997, 1998; Erker et al., 1999; Harrison,
1999; Meng, 2000; Halbur et al., 2001; Okamoto et al.,
2001; Smith, 2001; Nishizawa et al., 2003; Tei et al,,
2003; Yazaki et al., 2003]. Numerous strains of HEV of
genotype 3 or 4 have been isolated from pigs in both
developing and industrialized countries [Clayson et al.,
1995; Chandler et al., 1999; Hsieh et al., 1999; Pinaetal.,
2000; Garkavenko et al., 2001; van der Poel et al., 2001;
Arankalle et al., 2002; Huang et al., 2002; Pei and Yoo,
2002; Wangetal., 2002; Wu et al., 2002; Choi et al., 2003;
Takahashi et al., 2003].

In Japan, it has been shown that the circulating HEV
strains are polyphyletic [Mizuo et al., 2002] and that
the zoonotic food-borne mode of transmission of HEV
to humans may play an important role in the occurrence
of hepatitis E [Matsuda et al., 2003; Tei et al., 2003;
Yazaki et al., 2003; Tamada et al., 2004]. However,
the mode of HEV transmission was mot clear in the
majority of patients with sporadic acute or fulminant
hepatitis E in Japan [Takahashi et al., 2001, 2002a,b;
Aikawa et al., 2002; Mizuo et al., 2002; Suzuki et al.,
2002]. Recently, a patient who was infected with HEV
via transfused blood from a voluntary blood donor was
reported, and the authors stated that the potential risk
of post-transfusion hepatitis E should be considered
even in non- or low-endemic countries including Japan
[Matsubayashi et al., 2004}. The majority of patients
on maintenance hemodialysis have a history of blood
transfusion. Some investigators [Halfon et al., 1994;
Ding et al., 2003] observed a high prevalence of anti-
HEV antibody among their hemodialysis patients.
However, other investigators found only a few anti-
HEV-positive patients among their hemodialysis popu-
lations {Courtney et al., 1994; Psichogiou et al., 1996;
Fabrizi et al., 1997].

Therefore, in the present study, we determined the
prevalence of HEV infection among 416 patients under-
going maintenance hemodialysis at a single dialysis unit
in Japan using serum samples that had been obtained
at the start of hemodialysis and serum samples that
had been periodically collected from each patient and
stored since the initiation of hemodialysis, to investigate
whether hemodialysis and blood transfusion are asso-
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ciated with increased risk of HEV infection. Further-
more, stored pilot serum samples of transfused blood
were tested for the presence of HEV RNA to clarify
whether a hemodialysis patient who contracted de novo
HEYV infection 20 days after blood transfusion acquired
transfusion-associated HEV infection.

MATERIALS AND METHODS
Serum Samples

Serum samples were collected in January 2003 from
a total of 416 hemodialysis patients (age, 60.1 +12.6
[mean + standard deviation, SD] years; 274 men and
142 women) who had been receiving maintenance
hemodialysis in the dialysis unit of Masuko Memorial
Hospital in Nagoya, Japan, for more than 3 months
(7.6 £ 6.3 [range, 0.3—26.0] years). Additionally, stored
serum samples that had been obtained from the 416 pa-
tients at the start of hemodialysis were used. From the
four patients who became seropositive for HEV infec-
tion after the initiation of hemodialysis, stored serum
samples that had been obtained periodically (semi-
monthly between 1977 and 2001 and monthly there-
after) were also used in this retrospective analysis. This
study conforms to the ethical guidelines of the 1975
Declaration of Helsinki, and was approved by the ethics
committee at the institution. Informed consent was ob-
tained from each patient.

Detection of Antibodies to HEV

The serum samples were tested for the IgG, IgM, and
IgA classes of anti-HEV by in-house enzyme-linked
immunosorbent assay (ELISA), using purified recom-
binant ORF2 protein of HEV genotype 4 that had been
expressed in the pupae of silkworm, as described
previously [Mizuo et al., 2002; Tokita et al., 2003]. The
optical density (OD) of each sample was read at 450 nm.
The cut-off value used for the anti-HEV IgG assay was
0.152 that for the anti-HEV IgM assay was 0.353, and
that for the anti-HEV IgA assay was 0.350. Samples
with OD values for anti-HEV IgG, IgM, or IgA equal to
or greater than the respective cut-off value were con-
sidered to be positive for anti-HEV IgG, IgM, or IgA,
respectively. The specificity of the anti-HEV assays was
verified by absorption with the same recombinant ORF2
protein that was used as the antigen probe or a mock
protein obtained from the pupae of silkworm infected
with non-recombinant baculovirus: Briefly, if the OD
value of the tested sample was less than 30% of the
original value after absorption with the recombinant
ORF2 protein and if it was greater than 70% of the
original value after absorption with the mock protein,
the sample was considered to be positive for anti-HEV.
The serum samples were also tested for anti-HEV IgM
using a commercially available kit (Genelabs Diagnos-
tics, Pte. Ltd., Singapore Science Park, Singapore).

Detection of HEV RNA

Reverse transcription (RT)-polymerase chain reac-
tion (PCR) was carried out for detection of HEV RNA in
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the serum samples. Total RNA wasextracted from 100l

of serum, reverse transcribed, and then subjected to
nested PCR with primers targeting the ORF2 region as
described previously [Mizuo et al., 2002). The size of the
amplification product of the first-round PCR was 506
base pairs (bp), and that of the second-round PCR was
457 bp. The nested RT-PCR assay was performed in
duplicate, and reproducibility was confirmed. To avoid
contamination during PCR procedures, the guidelines of
Kwok and Higuchi [1989] were strictly observed. The
specificity of the RT-PCR assay was verified by sequence
analysis as described below. The sensitivity of the RT-
PCR assay was assessed as described previously [Mizuo
et al., 2002].

Serological Tests for Other Viral Infections

Serum samples were tested for hepatitis B surface
antigen (HBsAg) and the corresponding antibody (anti-
HBs) by passive hemagglutination using commercial
assay kits (Mycell II HBsAg and Myecell II anti-HBs,
respectively; Institute of Immunology, Co. Ltd., Tokyo,
Japan). The presence of antibody to hepatitis B core
antigen (anti-HBc) was determined by hemaggluti-
nation inhibition by the method described previously
[lizuka et al.,, 1992). The presence of antibody to
hepatitis C virus (HCV) (anti-HCV) was determined by
a commercially available enzyme immunoassay kit
(HCV -EIA 11, Abbott Japan, Tokyo, Japan).

Sequence Analysis of PCR Products

The amplification products were sequenced directly
on both strands using the BigDye Terminator Cycle
Sequencing Ready Reaction Kit on an ABI PRISM 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA).
Sequence analysis was performed using Genetyx-Mac
version 12.2.0 (Genetyx Corp., Tokyo, Japan) and
ODEN version 1.1.1 from the DNA Data Bank of Japan
(DDBJ: National Institute of Genetics, Mishima, Japan)
[Ina, 1994]). Sequence alignments were generated by
CLUSTAL W (version 1.8) [Thompson et al., 1994]. A
phylogenetic tree was constructed by the neighbor-
joining method [Saitou and Nei, 1987] based on the
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partial nucleotide sequence of the ORF2 region (301
nucleotides [nt]). Bootstrap values were determined on
1,000 resamplings of the datasets [Felsenstein, 1985].
The final tree was obtained using the TreeView program
(version 1.6.6) [Page, 1996].

Statistical Analysis

Data are presented as the mean+ SD. Statistical
analyzes were carried out using the Welch’s ¢-test for
comparison of continuous variables between two groups,
and the y%-test for comparison of proportions between
two groups. Differences were considered to be statisti-
cally significant at P < 0.05.

- RESULTS

Prevalence of Anti-HEV IgG, HBsAg,
and Antibodies to HBV and HCV
Among Hemodialysis Patients

Serum samples obtained from 416 patients on main-
tenance hemodialysis at a dialysis unit of a city hospital
inJapan in January 2003, were tested for the presence of
anti-HEV IgG. Anti-HEV IgG was detected in 39 (9.4%)
of the 416 patients, with a higher prevalence among
males than among females (11.3% vs. 5.6%) (Table I).
The prevalence of anti-HEV IgG tended to be lower
among patients aged <40 years than among those
aged >40 years, but the difference fell short of being
statistically significant. There were nine patients with
anti-HEV IgG of high OD,50 value (>1.000), including
two (5.0%) in the age group of 40—49 years, four (3.7%) in
the age group of 5059 years, two (1.4%) in the age group
of 60—-69 years, and one (1.3%) in the age group of 70—
79 years. Of note, two patientshad anti-HEV IgG of very
high OD,s50 value (>3.000), but they were negative for
both anti-HEV IgM and HEV RNA.

Overall, at the screening conducted in January 2003,
14 patients were positive for HBsAg, 105 patients were
negative for HBsAg but positive for anti-HBs and/or
anti-HBc, and 53 patients were positive for anti-HCV.
There were no significant associations between positiv-
ity for anti-HEV IgG and the presence of serological
markers of HBV or HCV (Table II).

TABLE I. Age-Specific Prevalence of Anti-Hepatitis E Virus (HEV) IgG Among 416 Patients on Maintenance Hemodialysis at
Screening in January 2003, According to Gender and Optical Density (OD) Value of Anti-HEV 1gG

No. of patients with anti-HEV IgG*

Anti-HEV IgG with high ODys value of

Age (years) Total Male Female >1.000 >3.000
23-39 1/33 (3.0%) 0/21 1/12 (8.3%) 0/33 0/33
40-49 3/40 (7.5%) 3/29 (10.3%) 0/11 2/40 (5.0%) 1/40 (2.5%)
50-59 10/109 (9.2%) 9/71 (12.7%) 1/38 (2.6%) 4/109 (3.7%) 1/109 (0.9%)
60-69 17/138 (12.3%) 13/92 (14.1%) 4/46 (8.7%) 2/138 (1.4%) 0/138
70-79 6/77(7.8%) 5/48 (10.4%) 1/29 (3.4%) 177 (1.3%) 0/77
80-91 2/19 (10.5%) 1/13 (7.7%) 1/6 (16.7%) 0/19 0/19
Total 39/416 (9.4%) 31/274 (11.3%) 8/142 (5.6%) 9/416 (2.2%) 2/416 (0.5%)

“Cut-off value for anti-HEV 1gG was 0.152.
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TABLE II. Characteristics of the Anti-HEV IgG-Positive and -Negative Patients at
Screening Conducted in January 2003

Anti-HEV Anti-HEV
1gG-positive IgG-negative
Features (n=239) (n=3177) P value
Age (years) 62.4+10.0 59.9+12.8 0.1540 (NS"g"
Duration of hemodialysis (years) 7.5+£7.0 7.6+6.2 0.9671 (NS)
Hepatitis B surface antigen 0 14 (3.7%) 0.4485 (NS)°
(HBsAg)-positive
Anti-HBs/HBc-positive 8 (20.5%) 97 (25.7%) 0.6028 (NS)°
Anti-hepatitis C virus 4 (10.3%) 49 (13.0%) 0.8131 (NS)©

(HCV)-positive

2NS, not significant.
YWelch'’s ¢-test.
y2-test.

Prevalence of Anti-HEV IgG Among
Hemodialysis Patients at the
Start of Hemodialysis

The prevalence of anti-HEV IgG at the start of
hemodialysis was surveyed retrospectively by testing
stored serum samples that had been obtained from the
416 patients. Anti-HEV IgG was detected in 42 patients
(10.1%), including 32 males and 10 females (Table III).
Although two patients had anti-HEV IgG of extremely
high ODg50 value (>3.000), they were negative for both
anti-HEV IgM and HEV RNA. Among the 42 patients
with anti-HEV IgG at the first examination between
January 1977 and October 2002, 35 patients remained
seropositive and 7 patients tested negative for anti-
HEV IgG in January 2003 (Table IV). On the other
hand, among the 374 patients who were negative for
anti-HEV IgG at the start of hemodialysis, 370 patients
remained negative for anti-HEV IgG but 4 patients
were found to be seropositive in the screening test
performed in January 2003. In January 2003, 194 pa-
tients (46.6%) had a history of blood transfusion;
however, the presence of a history of blood transfusion
was not significantly associated with seropositivity for
anti-HEV IgG.

Detection of HEV RNA in Four Patients
who Contracted HEV Infection
After the Start of Hemodialysis

The demographic characteristics of the four patients
who contracted HEV infection during the observation
period of 8.1-24.3 years, presence of a history of blood
transfusion, and ODysp values of anti-HEV IgG in their
serum samples that had been obtained at the start of
hemodialysis and at the screening in January 2003 are
shown in Table V. In the serum samples obtained in
January 2003, the four patients had anti-HEV IgG
with ODgsp value of 0.416—1.348 but were negative for
both anti-HEV IgM and HEV RNA. The stored serum
samples that had been obtained semimonthly between
1978 and 2001 and monthly between 2002 and 2003 from
each of the four patients (Patients 1—4), were tested for
anti-HEV IgG and HEV RNA in order to clarify when
they contracted HEV infection. Patient 1 was first
positive for anti-HEV IgG on November 26, 1979 with
an OD,50 value of 1.381 and remained positive until the
end of the observation period (Table VI). The serum
sample containing anti-HEV IgG that had been obtained
on November 26, 1979 was negative for HEV RNA;
however, the serum sample that had been obtained

TABLE III. Age-Specific Prevalence of Anti-HEV IgG Among 416 Patients on Maintenance
Hemodialysis at the Start of Hemodialysis, According to Gender and OD Value of
Anti-HEV IgG

No. of patients with

anti-HEV IgG*

Anti-HEV IgG with high
OD,50 value of

Age (years) Total Male Female >1.000 >3.000
14-29 2/27 (1.4%) 1/19 (5.3%) 1/8 (12.5%)  1/27 (3.7%) 0/27
30-39 2/52 (3.8%) 2/35 (6.7%) 0/17 1/52 (1.9%) 1/52 (1.9%)
40-49 7/83 (8.4%) 6/47 (12.8%) 1/36 (2.8%) 2/83 (2.4%) 1/83 (1.2%)
50-59 17/127 (13.4%)  15/89 (16.9%) 2/38 (65.3%)  2/127 (1.6%) 0/127
60-69 10/83 (12.0%)  5/57 (8.8%) 5/26 (19.2%)  2/83 (2.4%) 0/83
70-87 4/44 (9.1%) 3/27 (11.1%) 1/17 (5.9%) 0/44 0/44
Total 42/416 (10.1%) 32/274 (11.7%) 10/142 (7.0%) 8/416 (1.9%) 2/416 (0.5%)

*Cut-off value for anti-HEV IgG was 0.152.
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TABLE IV. Characteristics of 416 Hemodialysis Patients, Stratified by the Presence/Absence of Anti-HEV IgG at the Start of
Hemodialysis and the Screening of HEV Infection in January 2003

Presence of
anti-HEV IgG
at the start of
hemodialysis/
at screening

No. of Age

Duration of
hemodialysis®
(mean £ SD

No. of patients with a history of
blood transfusion

Before the

start of After the start

(January 2003) patients Male (%) (mean + SD, years)® [range], years) hemodialysis of hemodialysis Either®

Yes/Yes 35 82.9 56.6+11.9 6.3+5.9(0.3-21.8} 8 (22.9%) 10 (28.6%) 16 (45.7%)
Yes/No 7 42.9 50.6£10.9 13.0+6.9 [3-23.2] 1 (14.3%) 3 (42.9%) 3 (42.9%)
No/Yes 4 50.0 40.0+17.8 18.2+6.4 [8.1-24.3] 2 (50.0%) 4 (100%) 4 (100%)
No/No 370 64.9 52.3+14.3 75+6.1[0.3-26.0] 98 (26.5%) 125 (33.8%) 171 (46.2%)
Total 416 65.9 52.5+14.1 7.6 +£6.3 [0.3—-26.0] 109 (26.2%) 142 (34.1%) 194 (46.6%)

2At the start of hemodialysis.

bPatients who had been on maintenance hemodialysis for more than 3 months as of January 2003, were enrolled in the present study.
“Patients with a history of blood transfusion before the start of hemodialysis and/or after the start of hemodialysis.

14 days earlier (November 12, 1979) had detectable
HEV RNA. Similarly, Patient 2 was first positive for
anti-HEV IgG on April 21, 1980, with an ODgs54 value
of >3.000 and continued to be positive thereafter.
Patient 2 had detectable HEV RNA in the serum sample
that had been obtained 14 days earlier (April 7, 1980).
Patient 3 was first positive for anti-HEV IgG on August
16, 1988, with an ODysq value of >3.000 and continued
to be positive thereafter. This patient had detectable
HEV RNA in two consecutive serum samples, i.e., the
serum sample obtained on the day of emergence of anti-
HEV IgG (August 16, 1988) and the serum sample that
had been obtained 14 days earlier (August 2, 1988).
Patient 4 was first positive for anti-HEV IgG on January
6, 2003 with an ODys5, value of 1.348 and continued to be
positive until the end of the observation period. How-
ever, HEV RNA was not detectable in any of the stored
serum samples of Patient 4, unlike the other three
patients, and this was probably due to the lack of a
serum sample obtained 14 days before the emergence of
anti-HEV IgG: only a serum sample obtained 1 month
earlier was available.

Surprisingly, although transient viremia was recog-
nizable in three of the four patients who contracted
HEV infection, anti-HEV IgM was not detected in any of
the stored serum samples of the four patients, using
not only an “in-house” ELISA but also a commercially
available ELISA kit supplied by Genelabs. In support
of this observation, anti-HEV IgA which can be utiliz-
ed as an additional confirmatory antibody for recent

HEYV infection [Chau et al., 1993; Tokita et al., 2003],
was not detected throughout the observation period in
two patients (Patients 1 and 2) and was only weakly
positive within a short period of time or at a single time
point in the remaining two patients (Patients 3 and 4,
respectively).

Detection of HEV RNA From Pilot Serum
Samples of Transfused Blood Units

Patients 2—4 contracted HEV infection 1.5—8.1 years
after the start of hemodialysis and had no history of
blood transfusion within 1 year before seroconversion to
anti-HEV IgG. However, Patient 1 who became positive
for HEV RNA in the serum on November 12, 1979,
approximately 1 month after initiation of hemodialysis,
had received 2 U of blood on October 22, 1979 (3 weeks
before detection of HEV RNA in the circulation). Two
pilot serum samples of transfused blood units had been
stored and were subjected to PCR assay. Of remarkable
interest, one of the two pilot samples had detectable
HEV RNA, although they were negative for anti-HEV
IgG, anti-HEV IgM, and anti-HEV IgA.

Genetic Analysis of HEV Isolates Recovered
From Three Viremic Patients and
an HEV RNA-Positive Pilot Sample

The three HEV isolates recovered from the transi-
ently viremic patients (Patients 1--3) were named

TABLE V. Past History of Blood Transfusion and Anti-HEV IgG in Four Hemodialysis Patients who Became Seropositive for
Anti-HEV IgG After the Start of Hemodialysis

Blood transfusion

At the start of hemodialysis

At screening (January 2003)

Before the After the Anti-HEV Anti-HEV
start of start of Date of Age 1gG (OD450 Duration Dateof Age IgG (ODusg
Patient  Sex hemodialysis  hemodialysis  sampling (years) value) (years) sampling (years) value)
1 Male No Yes (1979/10/22) 1979/10/9 31 0.075 (-) 23.2  2003/1/6 54 1.037 (+)
2 Female Yes (1978/8/14) Yes (1983/8/11) 1978/10/2 39 0.089 (-) 243 2003/1/7 63 0.416 (+)
3 Female Yes (1985/11/5) Yes(1986/3/13) 1985/11/25 45 0.068 () 17.1  2003/1/14 62 0.496 (+)
4 Male No Yes (1999/10/4) 1994/12/12 50 0.012 (-) 8.1 2003/1/6 58 1.348 (+)
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TABLE VI. Laboratory Parameters, Anti-HEV Antibody Levels and HEV RNA in Periodic
Serum Samples Obtained From Four Hemodialysis Patients With Transient HEV Infection

Date of

Patient sampling ALT (IU/L) AST (IU/L)

Anti-HEV (absorbance at 450 nm)

HEV
IgG-class IgM-class IgA-class RNA

1 1979/10/9*
1979/10/29
1979/11/12
1979/11/26
1979/12/10
1979/12/24
1980/1/7
1980/1/21
1980/2/4
1980/2/18
1980/4/14
1980/10/28
1987/1/12
1991/1/2
1997/1/13
2003/1/6" .
2003/11/10

2 1978/10/2%
1980/3/24
1980/4/7 -
1980/4/21
1980/5/5
1980/5/19
1980/6/2
1980/6/16
1980/6/30
1980/8/11
1980/9/22
1981/2/2
1992/1/7
2003/1/7°
2003/11/11

3 1985/11/25%
1988/7/5
1988/7/19
1988/8/2
1988/8/16
1988/8/30
1988/9/13
1988/10/11
1988/10/25
1988/11/22
1989/3/6
1989/5/29
1995/1/10
2000/1/2
2003/1/14°
2003/11/4

4 1994/12/12°
2002/11/11
2002/12/9
2003/1/6°
2003/2/3
2003/3/3
2003/4/14
2003/11/10
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“Date of the start of hemodialysis.

YDate of the initial sereening in the current study.

HE-JHD1979, HE-JHD1980, and HE-JHD 1988, respec-
tively, and the HEV isolate recovered from the HEV
RNA-positive pilot serum sample that had been trans-
fused to Patient 1 was named HE-JHD1979d. The 412-
nt sequence of ORF2 of these HEV isolates were

determined and compared with each other and with
that of known human and swine HEV isolates of
genotypes 1—-4. The HE-JHD1979 and HE-JHD1979d
isolates were 100% identical, supporting transfusion-
transmitted HEV infection in Patient 1. The three HEV

46



HEV Viremia Among Hemodialysis Patients

1solates recovered from transiently viremic patients
were 92.0-95.6% similar to each other, and were closely
related to the prototype Japanese isolate of genotype 3
(JRA1L, see accession no. in Fig. 1) with nucleotide
sequence identity of 91.2-94.7%, and were only 79.3~
80.5,74.9-76.5, and 78.8-79.4% similar to the Bl isolate
of genotype 1, MEX-14 isolate of genotype 2, and T1
isolate of genotype 4, respectively, in the 412-nt ORF2
sequence. The phylogenetic tree constructed based on
the common 301-nt sequence within ORF2 sequence
confirmed that the HE-JHD1979, HE-JHD1979d, HE-
JHD1980, and HE-JHD1988 isolates obtained in the
present study belonged to genotype 3, and that they
segregated into the cluster consisting of Japanese HEV
strains of the same genotype that had been recovered
from humans (HE-JA5, HE-JA6, HE-JA9, HE-JA11,
HE-JA21, HE-JA23, HE-JF2, HE-JO-1982, JJT-Kan,
and JRA1) and swine (swJ570 and swJ681), supporting
the indigenous nature of these HEV isolates.

DISCUSSION

HEV is associated frequently with fecal-contaminated
drinking water or poor sanitation conditions in devel-
oping countries, and blood transfusion is not considered
to be an important cause of HEV transmission as the
virus does not produce a chronic carrier state. However,
the theoretical possibility of HEV transmission via a
parenteral route in develeping countries has been
suggested due to the high endemicity of HEV; the fact
that the majority of HEV infections were subclinical;
and documentation of viremia during the incubation
period of the disease [Arankalle and Chobe, 1999]. In
fact, it hasbeen reported that a substantial proportion of
blood donors (3/200 or 1.5%) were positive for HEV RNA
and viremic blood donors are able potentially to cause
transfusion-associated hepatitis E in areas of high
endemicity [Arankalle and Chobe, 1999, 2000]. Such a
possibility is also supported in industrialized countries
where HEV infection is now considered to be low-
endemic, based on the observation that positivity for
anti-HEV antibody was more frequent among transfu-
sion recipients than among the same number of non-
transfused controls [Mannuecci et al., 1994]}. However,
the epidemiology of HEV infection among hemodialysis
patients who have a high rate of a history of blood
transfusion and are at increased risk for infection with

Fig. 1. Phylogenetic tree constructed by the neighbor-joining
method based on the partial nuclectide sequence of the open reading
frames (ORF)2 region (301 nt) of 77 hepatitis E virus (HEV) isolates,
using an avian HEV (AY535004) as an outgroup. In addition to the HE-
JHD1979, HE-JHD1979d, HE-JHD1980, and HE-JHD198§ isolates
found in the present study which are indicated in bold type, 73 reported
HEV isolates of genotypes 1-4 whose common 301-nt sequence is
known are included for comparison and their accession nos. are shown
in parentheses. The previously reported HEV sequences of genotype 1
are indicated with abbreviations in accordance with the review article
by Schlauder and Mushahwar [2001): Bl and B2 in Burma; C1, C2, C3,
C4, and C5in China; 11,12,13,and I4 in India; Nel in Nepal; and P1 and
P2 in Pakistan. Asterisks denote swine HEV strains. The human and
swine HEV isolates of Japan origin are shaded for visual clarity.
Bootstrap values are indicated for the major nodes as a percentage
obtained from 1.000 resamplings of the data.
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blood-borne viruses, has not been fully understood
and conflicting results have thus far been reported
[Courtney et al., 1994; Halfon et al., 1994; Psichogiou
et al., 1996; Fabrizi et al., 1997; Ding et al., 2003).

In the current study, at the first screening for HEV
infection of hemodialysis patients at a dialysis unit of a
city hospital in Japan conducted in January 2003, ahigh
prevalence (9.4%) of anti-HEV IgG was observed among
the 416 patients on maintenance hemodialysis who had
been undergoing hemodialysis for 0.3—26 (mean, 7.6)
years. However, we did not find significant associations
between infection of HEV and infection with other blood-
borne viruses such as HBV or HCV, consistent with a
previous report [Fabrizi et al., 1997). When the stored
serum samples that had been collected at the start of
hemodialysis from the 416 patients were tested for anti-
HEV IgG, a high prevalence of 10.1% (42/416) was also
observed, suggesting that the majority (89.7% or 35/39)
of hemodialysis patients who were positive for anti-HEV
IgGin January 2003, had been infected before initiation
of hemodialysis. Furthermore, there was no appreciable
difference in the prevalence of anti-HEV IgG at the start
of hemodialysis between the patients who did or did not
have a past history of blood transfusion (8.3% [9/109] vs.
10.7% [33/3071, P=0.57176), suggesting that the HEV
infection in our hemodialysis patients that was acquired
before the initiation of hemodialysis, had not been
acquired by blood transfusion in the majority of cases.
Of note, the prevalence of anti-HEV IgG at the start of
hemodialysis tended to be higher among males than
among females (11.7 vs. 7.0%), similar to the reported
higher prevalence of anti-HEV IgG among males in the
general population and the higher prevalence of HEV-
associated hepatitis among male patients who had no
history of blood transfusion within one or more years
before the onset of disease [Tanaka et al., 2001; Mizuo
et al., 2002). Therefore, we would consider the possibility
that our patients who were positive for anti-HEV IgG
at the start of hemodialysis had acquired HEV infec-
tion in the community. It is likely that differences in the
prevalence of HEV in the general population at the
regional level, the criteria for inclusion of patients, and
the routes of HEV transmission could partly explain the
diverse results obtained in previous studies on hemo-
dialysis patients. In Japan, regional differences in the
prevalence of clinical and subclinical HEV infection
have been reported [Li et al., 2000; Okamoto et al,,
2003]. Furthermore, it was found previously that HEV-
associated hepatitis was associated significantly with
males, higher'age (>40 years) and living in the northern
part of Japan [Mizuo et al., 2002]. It has been revealed
that the zoonotic food-borne mode of transmission of
HEV to humans may play an important role in the
occurrence of hepatitis E [Matsudaet al., 2003; Teiet al,,
2003; Yazakietal., 2003; Tamada et al., 2004]). However,
the mode of HEV transmission is unclear in most
patients with sporadic acute or fulminant hepatitis E
in Japan [Takahashiet al., 2001, 2002a,b; Aikawa et al.,
2002; Mizuo et al., 2002; Suzuki et al., 2002]. Two male
patients (49 and 52 years of age) were admitted in 2001
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and 2002, respectively, to the hospital with our dialysis
unit, and were diagnosed retrospectively as sporadic
acute hepatitis E, but the mode(s) of HEV transmission
could not be specified (unpublished observations).
Further studies are needed to elucidate the region-
dependent prevalence and mode(s) of clinical and subcli-
nical HEV infection in the general population of Japan
including Aichi Prefecture, where our dialysis unit is
located.

In the present study, during the mean observation
period of 7.7 years after the start of hemodialysis, four
hemodialysis patients (1.1% or 4/374) acquired de novo
HEV infection. In three of the four patients, the mode(s)
of HEV transmission was unclear. However, it was
found that the remaining one patient contracted HEV
infection by transfusion of HEV-viremic blood in 1979.
The HEV isolates, HE-JHD1979 and HE-JHD1979d,
recovered from the stored serum sample from the patient
and from the stored pilot serum of transfused viremic
blood, respectively, were 100% identical in the 412-nt
sequence of the ORF2 region, and segregated into geno-
type 3, and further into a cluster consisting of appar-
ently Japan-indigenous strains. These results support
our previous observation that a domestic HEV strain
hasbeen present for >2 decades in Japan {Aikawa et al.,
2002] and also the recent report of a patient who was
infected with HEV by transfused blood from a voluntary
blood donor in Hokkaido, Japan [Matsubayashi et al.,
2004], where clinical HEV infection is most prevalent.
Although HEV infection via blood transfusion does not
occur frequently as described above, we found a pro-
bable case of transfusion-transmitted HEV infection by
molecular approaches. Therefore, the potential risk
of post-transfusion hepatitis E should be taken into
consideration even in low-endemic countries including
Japan.

The four patients who contracted de novo HEV infec-
tion after the initiation of hemodialysis, did not have an
elevated ALT level even after the appearance of anti-
HEV IgG in the circulation, indicating that the HEV
infection in the four patients was exclusively subeclinical,
although we cannot rule out the possibility of mild ALT
elevation during the interval of 2 or 4 weeks. Of note,
anti-HEV IgM was not detected in any of the four
patients, and was also undetectable in all four patients
by a commercially available kit: this may argue against
the possibility of low sensitivity of the “in-house” ELISA
system. It has been reported that IgA anti-HEV test can
be utilized as an additional confirmatory test for recent
HEYV infection [Chau et al., 1993; Tokita et al., 2003].
IgA anti-HEV was also undetectable in two patients
but was detectable weakly in the remaining two pa-
tients, suggesting that IgA anti-HEV detection is useful
for serological diagnosis of acute HEV infection in the
absence of IgM anti-HEV. As patients on mainten-
ance hemodialysis have an impaired immune response
[Goldblum and Reed, 1980; Girndt et al., 2001; Libetta

‘et al., 2001], they may be unable fo raise an adequate

antibody response to viral proteins, especially in sub-
clinical infection. Hemodialysis patients also have an
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impaired immune response to HCV proteins or to
hepatitis B vaccination [Rapicetta, 1992; Devesa et al.,
1997]. Although the OD value of anti-HEV IgG in the
four patients was lower than that among non-dialysis
patients with clinical HEV infection, anti-HEV IgG
persisted until the end of the observation period (as of
June 2004, when this report was prepared) of 24 years in
Patient 1, 24 years in Patient 2, 15 years in Patient 3,
and 1 year in Patient 4. Therefore, we would like to
consider that underestimation of HEV infection in our
studied population by our anti-HEV IgG assay may be
small or hopefully negligible.

In conclusion, it was found that approximately 90%
of anti-HEV IgG-positive patients who were receiving
maintenance hemodialysis for 0.3-26.0 (mean, 7.6)
years had already been infected with HEV at the start
of hemodialysis, regardless of the presence of a past
history of blood transfusion before the initiation of
hemodialysis, suggesting that the majority of anti-HEV
I1gG-positive hemodialysis patients had acquired HEV
infection in the community through undefined route(s)
but not via blood transfusion. However, a patient with
probable transfusion-transmitted HEV infection was
identified who was infected with an apparently Japan-
indigenous HEV strain of genotype 3 21 days after
transfusion of the implicated viremic blood in 1979.
Based on the present study and the recent report
by Matsubayashi et al. [2004], cases of transfusion-
associated HEV infection may have been present for
more than two decades in Japan. Therefore, the poten-
tial risk of post-transfusion hepatitis E should be taken
into consideration even in HEV low-endemic countries
including Japan.
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