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Risk factors for acquiring hepatitis E among
individuals in industrialized countries including
Japan are not fully understood. We investigated
whether Japanese blood donors with or without
an elevated alanine aminotransferase (ALT) level
are likely to have hepatitis E virus (HEV) infection.
Serum samples were collected from 5,343 volun-
tary blood donors including 1,087 donors with
elevated ALT of 61966 IU/L and 4,256 donors
with normal ALT (<60 1U/L) at two Japanese Red
Cross Blood Centers, and were tested for the
presence of anti-HEV 1gG by in-house enzyme-
linked immunosorbent assay (ELISA). Overall,
200 donors (3.7%) were positive for anti-HEV IgG,
including 32 (2.9%) with elevated ALT and 168
(3.9%) with normal ALT. Serum samples with
anti-HEV IgG were further tested for the presence
of anti-HEV IgM by in-house ELISA and for HEV
RNA by reverse transcription (RT)-polymerase
chain reaction {(PCR). Three donors with ALT of
966, 62 or 61 IU/L were positive for anti-HEV igM
and HEV RNA. The HEV isolates obtained from
the three viremic donors segregated into geno-
type 3, were 91.5-93.4% similar to each ather in
the 412 nucleotide sequence of open reading
frame 2, and had the highest identity of 91.5-
94.9% with the JRA1 isolate which was recovered
from a Japanese patient with sporadic acute
hepatitis E who had never been abroad, suggest-
ing that these three HEV isolates are indigenous
to Japan. This study suggests that a small but
significant proportion of blood donors in Japan
with or without elevated ALT are viremic and
are potentially able to cause transfusion-asso-
ciated hepatitis E. J. Med. Virol. 73:554-561,
2004. © 2004 Wiley-Liss, Inc.

© 2004 WILEY-LISS, INC.

KEY WORDS: hepatitis viruses; alanine ami-
notransferase; PCR; phyloge-
netic analysis

INTRODUCTION

Hepatitis E is an important public health concern in
many developing countries of Asia and Africa where
sanitation is suboptimal, and it is also endemic in many
industrialized countries including the United States,
European countries, and Japan [Harrison, 1999; Purcell
and Emerson, 2001; Smith, 2001; Okamoto et al., 2003].
The hepatitis E virus (HEV), the causative agent of
hepatitis E, is an unclassified nonenveloped virus. Its
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. ORF1 encodes viral non-structural proteins,
ORF?2 encodes the capsid protein, and ORF3 encodes a
small phosphorylated protein [Reyes et al., 1990; Tam
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et al,, 1991; Huang et al., 1992; Zafrullal et al., 1997;
Wanget al., 1999, 2000]. Although only one serotype has
been recognized, extensive genomic diversity has been
noted among HEV isolates and HEV sequences have
tentatively been classified infto four genotypes (geno-
types 1—4). The majority of HEV infections indeveloping
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].
Transmission of HEV occurs primarily by the fecal-
oral route through contaminated water supplies in
developing countries. Recent studies have indicated
that zoonosis is involved in the transmission of HEV,
especially in industrialized countries where hepatitis E
had been believed to be non-endemic [Meng et al., 1997,
1998; Harrison, 1999; Erker et al., 1999; Meng, 2000;
Halbur et al., 2001; Okamoto et al., 2001; Smith, 2001;
Nishizawa et al., 2003; Takahashi et al., 2003; Tei et al.,
2003; Yazaki et al., 2003]. Numerous strains of HEV
have been isolated from pigs in both developing and
industrialized countries [Clayson et al., 1995; Chandler
- et al, 1999; Hsieh et al; 1999; Pina et al.,, 2000;
Garkavenko et al.,, 2001; van der Poel et al., 2001;
Arankalle et al., 2002; Huang et al., 2002; Pei and Yoo,
2002; Wu et al., 2002; Choi et al., 2003; Takahashi et al.,
2003]. Increasing lines of evidence indicate that pigs are
animal reservoirs for HEV and hepatitis E may be
zoonotically transmitted from viremic animals to
humans [Meng et al., 1997; Harrison, 1999; Meng,
2000; Smith, 2001). In Japan, it has recently been
reported that food-borne transmission of HEV may
occur through ingestion of raw or undercooked meat
including liver and intestine from infected swine, deer,
or boar [Matsuda et al,, 2003; Tei et al., 2003; Yazaki
et al., 2003]. However, the modes of HEV transmission
are still unclear for most 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]. It has been reported that a substantial
proportion of blood donors (3/200 or 1.5%) were positive
for HEV RNA and viremic blood donors are potentially
able to cause transfusion-associated hepatitis Ein areas
of high endemicity [Arankalle and Chobe, 1999, 2000].
Therefore, in the present study, we investigated
whether Japanese blood donors with or without an
elevated alanine aminotransferase (ALT) level are
likely to have HEV infection in an attempt to gain
insight into the possible blood-borne transmission of
HEV in Japan which is now considered to be endemic.

-MATERIALS AND METHODS
Serwum Samples

Serum samples were collected from a total of 5,343
voluntary blood donors including 560 donors (age,
31.6 £+ 10.5 [mean + standard deviation, SD] years; 503
men and 57 women) with an elevated ALT level of 61—
966 (range: 108 £+ 59, mean + SD) IU/L and 2,071 donors
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(38.3 +15.8 years; 1,030 men and 1,041 women) with a
normal ALT level at the Japanese Red Cross Tochigi
Blood Center {Center T) between April 2002 and June
2003, and 527 donors (37.0+9.9 years; 480 men and
47 women) with an elevated ALT of 61-472 (96 4:40) IU/
L and 2,185 donors (39.1:+15.2 years; 1,121 men and
1,064 women) with a normal ALT at the Japanese Red
Cross Yamaguchi Blood Center (Center Y) between May -
2002 and October 2003. Blood Center T is located in a
city in the northern part of mailand Honshu of Japan
(Tochigi Prefecture) and Blood Center Y is located in a
city in the southernmost part of mainland Honshu
(Yamaguchi Prefecture). Additionally, periodic serum
samples were obtained from three donors with transient
HEV viremia. Stored serum samples that had been
obtained from one donor were also used for retrospective
analysis.

All 5,343 donors were negative for hepatitis B surface
antigen, and antibodies to hepatitis C virus (HCV),
human immunodeficiency virus (HIV) types 1 and 2, and
human - T-lyinphotropic virus type 1, as well as for
hepatitis B virus DNA, HCV RNA, and HIV type 1 RNA
by the nucleic acid amplification test using Roche’s
Multiplex reagent [Mine et al., 2003].

Detection of Antibodies to HEV -

To detect anti-HEV IgG and anti-HEV IgM, enzyme-
linked immunosorbent assay (ELISA) was carried out
using purified recombinant ORF2 protein of HEV
genotype 4 that had been expressed in the pupae of
silkworm, as described previously [Mizuo et al., 2002}.
The optical density (OD) of each sample was read at
450 nm. Using control sera from 200 healthy individuals
(100 males and 100 females; age range: 16—24 years),
the cut-off value was determined for the anti-HEV IgG
assay as 0.180, and that for the anti-HEV IgM assay as
0.353 by the method described previously {Mizuo et al.,
2002]. Samples with OD values for anti-HEV IgG or IgM
equal to or greater than the respective cut-off value were
considered to be positive for anti-HEV 1gG or IgM,
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 nonrecombinant baculovirus. Briefly, when the OD
value of the tested sample was less than 30% of the
original value after absorption with the recombinant
ORF2 protein and was greater than 70% of the original
value after absorption with a mock protein, the sample
was considered to be positive for anti-HEV.

Detection of HEV RNA

Reverse transcription (RT)-polymerase chain reac-
tion (PCR) was carried out for detection of HEV RNA in
serum samples. Total RNA was extracted from 100 ul of
serum, reverse transcribed, and then subjected to
nested PCR with the ORF2 primers as described
previously [Mizuo et al., 2002]. The size of the amplifica-
tion product of the first-round PCR was 506 base pairs
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(bp), and that of the second-round PCR was 457 bp.
The nested RT-PCR assay was performed in duplicate,
and reproducibility was confirmed. 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].

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 alighments 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 partial nucleotide sequence of the ORF2 region

(301 nucleotides [nt]). Bootstrap values were deter--

mined on 1,000 resamplings of the data sets [Felsen-
stein, 1985). The final tree was obtained using the
TreeView program (version 1.6.6) [Page, 1996].

Statistical Analysis
Statistical analyses were performed using the y’-test
for comparison of proportions between two groups.
Differences were considered to be statistically signifi-
cant at P<0.05.
RESULTS
Prevalence of Anti-HEV IgG Among Voluntary

Blood Donors in Two Distinet Geographic
Regions in Japan

A total of 5,343 serum samples obtained from
apparently healthy blood donors at two Red Cross Blood
Centers (T and Y), located in cities in the northern part
and southernmost part, respectively, of Honshu Island
of Japan, were tested for the presence of anti-HEV IgG.
At Blood Center T, anti-HEV IgG was detected in 5.5%
(144/2;631) of the tested population; it was detected in
4.1% of the 560 donors with elevated ALT of 61-966 IU/
L and in 5.8% of the 2,071 donors with normal ALT. On
the other hand, the detection rate of anti-HEV IgG
among the 2,712 donors at Blood Center Y was 2.1%,
which was significantly lower than that at Blood Center
T (P <0.0001). Anti-HEV IgG was detected in 1.7% in
the 527 donors with an elevated ALT level of 61-472 U/
L (P=0.0193 in comparison with the respective para-
meter in Center T), and in 2.2% of the 2,185 donors with
normal ALT (P < 0.0001) (Table I). The age-dependent
prevalence of anti-HEV IgG was compared among blood
donors in relation to gender and ALT at the two blood
centers (Table I). The prevalence of anti-HEV IgG
increased with age among both the male and female
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TABLE 1. Age-Specific Prevalence of Anti-HEV 1gG Among Apparently Healthy Individuals With or Without an Elevated ALT at Two Blood Centers in Japan
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donors at the two blood centers regardless of the ALT
level, although none of the female donors with elevated
ALT tested positive for anti-HEV IgG at both blood
centers, probably due to the small number of female
donors tested in all age groups. At Blood Center T, the
prevalence of anti-HEV IgG was significantly higher
among donors with normal ALT aged >40 years than
among those aged <40 years in the males (12.6% vs.
2.9%, P <0.0001) and females (7.6% vs. 1.6%, P<
0.0001), and among male donors with elevated ALT
aged >40 years than among those aged <40 years (9.5%
vs. 3.1%, P =0.0039). Similar age-specific differences in
the prevalence of anti-HEV IgG were observed at Blood
Center Y, as indicated in Table 1. Upon comparison of
donors with normal ALT at Blood Center T, HEV
infection was significantly more frequent among the
.male donors than among the female donors (7.4% vs.
4.3%, P =0.0024). The prevalence of anti-HEV IgG was
also higher among the male donors with normal ALT
than among the female donors with normal ALT at
Blood Center Y and higher among the male donors with
elevated ALT than among female donors with elevated
ALT at both blood centers.

Prevalence of Anti-HEV and HEV RNA Among
Blood Donors in the Two Blood Centers
in Japan, Stratified by ALT Level

Twenty-one donors with anti-HEV IgG of high OD5,
value (>1.000) were found at Blood Center T, including
one (50%) with an ALT of >500 IU/L, two (1.0%) with an
ALT of 101-200 IU/L, seven (2.0%) with an ALT of 61—
100 IU/L, and 11 (0.5%) with normal ALT (Table I1). At
Blood Center Y, only seven donors (0.3%) with anti-HEV
1gG of high OD450 value (>1.000) were found, in which
all seven donors had a normal ALT. The 200 donors who
were positive for anti-HEV IgG were tested for the
presence of anti-HEV IgM. No donor at Blood Center Y
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was seropositive for anti-HEV IgM, regardless of the
ALT level. In contrast, at Blood Center T, three donors
(3/560 or 0.5%) with an elevated ALT level of 61, 62, or
966 IU/L: were positive for anti-HEV IgM, all of whom
had anti-HEV IgG of high ODys50 value (>1.000), and all
121 donors with normal ALT who were positive for anti-
HEV IgG, were negative for anti-HEV IgM. Two of the
three donors with anti-HEV IgG and anti-HEV IgM had
detectable HEV RNA. No other donor with anti-HEV
IgG of high OD 454 value (>1.000) was positive for HEV
RNA.

Detection of Anti-HEV and HEV RNA in Periodic
Serum Samples Obtained From Three Donors
With Anti-HEV IgM

Periodic serum samples were obtained from the three
donors (Donors 1-3) with elevated ALT who had been
found to be positive for anti-HEV IgM in the above-
mentioned screening test after informed consent, and
tested for anti-HEV IgQ, anti-HEV IgM, and HEV RNA
(Table III). None of the three donors had signs or
symptoms of HEV infection during the observation
period. Donor 1 was a 54-year-old male with a history of
>100 donations. His blood screening tests including
liver function tests were exclusively normal at the
previous donations. On the initial sampling day of
the present study (September 12, 2002), his liver
enzyme levels were markedly elevated (ALT, 966 IU/L;
AST, 815 IU/L), he was positive for both anti-HEV IgG
and anti-HEV IgM, and HEV RNA was detectable.
Thereafter, his liver enzyme levels were within the
normal range and HEV RNA was undetectable. The
anti-HEV IgG level continued to be high until the end of
the observation period (November 26, 2003), at which
time the OD 5, value was 2.632. The relative titer of IgM
antibody was highest on day 61 (ODys5q value, 2.279) and
then gradually decreased, and it continued to be positive

TABLE II. Prevalence of Anti-HEV and HEV RNA Among Blood Donors at Two Distinct Blood Centers in Japan, Stratified
by ALT Le

vel

No. of donors with anti-HEV IgG
(ODy45q value) of

No. of donors No. of donors with  No. of donors with

ALT level QU/L) tested >0.180% >1.000 anti-HEV IgM® HEV RNA®
Blood center T o
>500 2 1 (50%) 1 (50%) 1 (50%) 1 (50%)
201-500 21 0 0 0- 0
101-200 193 5 (2.6%) 2 (1.0%) 0 0
61-100 344 17 (4.9%) 7 (2.0%) 2 (0.6%) 1 (0.3%)
Total 560 23 (4.1%) 10 (1.8%) 3(0.5%) 2 (0.4%)
5-60 2,071 121 (5.8%) 11 (0.5%) 0 0
Blood center Y
>500 0 0 0 0 0
201-500 13 0 0 0 0
101--200 149 0 0 0 0
61-100 365 9 (2.5%) 0 0 0
Total 527 9 (1.7%) 0 0 0
5-60 2,185 47 (2.2%) 7 (0.3%) 0 0

*Cut-off value for anti-HEV IgG was 0.180.
Pasitivity for anti-HEV IgM was tested in blood donors with anti-HEV 1gG.
“Positivity for HEV RNA was tested in blood donors with anti-HEV IgG of >1.000.
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TABLE T1. Laboratory Parameters, Anti-HEV Antibody Levels and HEV RNA in Periodic Serum Samples Obtained From
. Three Bloed Donors With Transient HEV Viremia at Blood Center T i

. OD,s50 value in anti-HEV assay®
Blood donor Date of sampling . ALT QU/L) AST QU/L) IgM-class IgG-class HEV RNA
1 2002/9/12° 966 815 0.940 (4) >3.000 () +
2002/10/27 25 26 2.020 (+) >3.000 (+) -
2002/11/12 20 20 2279 (+) . >3.000 (+) -
2002/12/15 22 24 1127 () >3.000 () -
2003/1/29 17 20 0.937 () - >3.000 (+) -
2003/2/16 19 24 0.838 (+) >3.000 (4) -
2003/3/8 16 21 0.732 (1) >3.000 (+) -
2003/4/6 24 27 0.676 (1) >3.000 (+) -
2003/6/28 12 18 0.571 () >3.000 () ~
2003/7/29 18 25 0.460 (1) 2.684 (+) —
2003/9/1 14 21 0.302 (-) 2.592 (+) -
2003/11/11 14 20 0.217 (-) 2.362 (+) -
2003/11/26 12 22 0.255 (—) 2632 (+) -
2 2002/4/22° 61 22 >8.000 (+) >3.000 (+) +
2002/8/14 19 16 0.390 () >3.000 () -
2003/8/13 20 15 0.135 (-) 2,181 () -
3 2002/11/14 49 51 0.025 (-) 0,008 (-) -
2003/3/10 68 35 0.030 (=) 0.014 (-) +
2003/6/10° 62 37 0.792 (+) 2.611 (4) -

“Cut-off values for anti-HEV IgM and IgG were 0.353 and 0.180, respectively.
*Index sample that was first found to be positive for anti-HEV IgM and IgG is indicated in boldtype.

until day 320 after the initial testing. Donor 2 was a 35-
year-old male with normal liver enzyme levels (ALT,
24 TU/L; AST, 16 IU/) at the time of his previous
donation 126 days before the initial sampling day of
April 22, 2002. On the first sampling day, the ALT was
slightly elevated (61 IU/L), but the AST was within the
normal range (22 IU/L). He was highly positive for anti-
HEV IgG and anti-HEV IgM, and HEV RNA was
detectable on the initial sampling day. After 16 months,
heremained positive for anti-HEV IgG antibody with an
ODy5¢ value of 2.181, but he was negative for IgM
antibody. Donor 3 was a 41-year-old male. On the initial
testing, he had a slightly elevated ALT level of 62 IU/L
and was positive for both anti-HEV IgG and anti-HEV
1gM, but HEV RNA wasundetectable. Two stored serum
samples that had been obtained 92 and 208 days before
the initial testing, were tested for the presence of anti-
HEV IgG, anti-HEV IgM, and HEV RNA. Although the
two serum samples were negative for both anti-HEV
antibodies, the serum sample obtained 3 months before
the initial testing was repeatedly positive for HEV RNA
and the donor had an elevated ALT level of 68 IU/L at
that time. Fortunately, this blood was not utilized for
transfusion due to an abnormal ALT level. Conse-
quently, three blood donors with anti-HEV IgG and
anti-HEV IgM were found to be transiently viremic.

Genetic Analysis of HEV Isolates Recovered
From Three Viremic Donors

The three HEV isolates recovered from the transi-
ently viremic donors (Donors 1-3) were named HE-
JBD1, HE-JBD2, and HE-JBD3, respectively. 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. These three HEV isolates were 91.5-93.4% similar
to each other, and were most closely related to the
prototype Japanese isolate of genotype 3 (JRA1 {acces-
sion no. AP003430]} with nucleotide sequence identity of
91.5-94.9%, and were only 78.3-79.6%, 74.3—77.4%,
and 78.8—-79.9% similar to the B1 isolate (M73218) of
genotype 1, MEX-14 isolate (M74506) of genotype 2, and-
T1 isolate (AJ272108) of genotype 4, respectively. The
phylogenetic tree constructed based on the common
301 nucleotides within the ORF2 sequence confirmed
that the HE-JBD1, HE-JBD2, and HE-JBD3 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 (JRA1, HE-JO-1982, HE-
JAS, HE-JA6, HE-JA9, HE-JA11, HE-JA21, HE-JA23,
and HE-JF2) and swine (swJ570 and swJ681), support-
ing the indigenous nature of these three blood donor
isolates.

DISCUSSION

HEYV is a significant cause of epidemic and sporadic
acute viral hepatitis in developing countries of Asia and
Africa, and HEV-associated hepatitis also occurs spor-
adically in some industrialized countries including the
United States, European countries, and Japan. Trans-
mission of HEV occurs primarily by the fecal-oral route
through contaminated water supplies in many develop-
ing countries. However, in industrialized countries
where sanitation and hygiene are well established, the
chance of fecal-oral transmission of HEV may be
negligible, and the risk factors for acquiring hepatitis
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E among individuals in industrialized countries are not
fully understood {Harrison, 1999; Meng, 2000; Purcell
and Emerson, 2001; Smith, 2001; Emerson and Purcell,
2003; Okamoto et al., 2003]. As reviewed by Smith
{2001), it is likely that several forms of HEV transmis-
sion other than fecal-oral transmission occur in indus-
trialized countries with no or low HEV endemicity:
(a) zoonotic infection, (b) transmission by food, and (c)
transmission via blood transfusion. Accumulated evi-
dence indicates that pigs are animal reservoirs for HEV
and hepatitis E may be zoonotically transmitted from
viremic animals to humans [Meng et al.,, 1997, 1998;
Erker et al., 1999; Harrison, 1999; Meng, 2000; Pina
etal,, 2000; Halburetal., 2001; Smith, 2001; Wangetal.,
2002]. In Japan where hepatitis E had been believed to
be non-endemic but is now considered to be endemic
[Okamoto et al., 2001; Takahashi et al., 2001, 2002a,b,
2003; Mizuo et al., 2002; Nishizawa et al., 2003],
evidence for food-borne transmission of HEV through
the consumption of HEV-contaminated food has been
accumulating; HEV contamination was found in various
foods including raw pig livers that are available in
grocery stores in Hokkaido, which is located in the
- northern part of Japan and where hepatitis E is most
prevalent in Japan [Yazaki et al., 2003]; and raw meat
from a wild deer in Hyogo Prefecture which is located in
the southern part of mainland Honshu {Tei et al., 2003].
Japanese people have a peculiar habit of eating un-
"cooked seafood (sushi or sashimi), and less frequently,
raw or undercooked meat including liver and intestine
from pigs and other animals. These eating habits may
explain, at least partly, the cryptic endemicity of HEV in
Japan. However, the source and route of HEV transmis-
sion remain unclear for most cases of sporadic acute or
fulminant hepatitis E in areas other than the above-
mentioned areas of Japan [Takahashi et al, 2001,
2002a,b; Aikawa et al., 2002; Mizuo et al., 2002; Suzuki
et al., 2002; Tokita et al., 2003].

In the present study, in an attempt to gain insight into
the possible blood-borne transmission of HEV in Japan,
we investigated the prevalence of anti-HEV IgG among
voluntary blood donors who donated blood in two
distinct geographic regions that are located in the
northern and southernmost parts of mainland Honshu
(Blood Center T in Tochigi Prefecture and Blood Center
Y in Yamaguchi Prefecture, respectively). At least two
cases of sporadic acute hepatitis E with unknown
transmission mode(s) have been recognized thus far in
Tochigi Prefecture [Takahashi et al., 2002b; Kuno et al.,
2003], although no case hasbeen reported in Yamaguchi
Prefecture, reflecting the observed higher prevalence of
anti-HEV IgG among blood donors at Blood Center T
(6.5% vs. 2.1%, P < 0.0001). The prevalence of anti-HEV
IgG was clearly associated with age among the blood
donors at both blood centers, corroborating the previous
report on the prevalence of anti-HEV IgG antibody
among 900 Japanese patients in that the anti-HEV
prevalence of anti-HEV among patients over 30 years of
age was associated with age and increased in a
cumulative fashion in all three geographical regions
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{(northern, central, and southern prefectures of Japan)
(Liet al., 2000). HEV infection was associated with male
sex in all age groups studied in at the two blood centers
in the present study, consistent with the observed
higher prevalence of clinical HEV infection among male
patients in Japan [Mizuo et al., 2002]. .

In the current study, three viremic blood donors who
all had an elevated ALT, were identified among the
donors with a high level of anti-HEV IgG (>1.000) at

-Blood Center T which is located in a region where the

prevalence of anti-HEV IgGis high, although none of the
donors with normal ALT and a high level of anti-HEV
IgG had detectable HEV RNA. In contrast, at Blood
Center Y which is located in a region where HEV
infection is less prevalent, none of the blood donors who
had a high level of anti-HEV IgG with or without an
elevated ALT were positive for HEVRNA. These results
suggest that a proportion of blood donors in areas where
HEV infection is prevalent in Japan are viremic and are
potentially able to cause transfusion-associated hepati-
tis E, as has been reported in India which has high
endemicity of HEV; in two studies of Arankalle and
Chobe [1999, 2000}, three (1.5%) of 200 voluntary blood
donors were positive for HEV RNA. As the three viremic
donors identified in the present study had an elevated
ALT, the blood from the three donors were not used for
transfusion. As the majority of donors with elevated
ALT and the donors with normal ALT were not tested for
HEYV viremia in the present study, we cannot conclude
that the serum ALT level could be a surrogate marker for
exclusion of blood donars with ongoing HEV infection.
Based on the current study, however, we would like to
consider that ALT testing is useful for exclusion of
donors with HEV viremia, at least partially, with the
aim of preventing transfusion-associated hepatitis E. As
two of the three infected donors had only a slightly
elevated ALT level of 61 or 62 IU/L, it seems likely that
even donors with a normal ALT level (<60 IU/L) may
have detectable HEV RNA, although the proportion of
such donors may be significantly small. In support of
this speculation, it has been reported in a newspaper
(ABC Newsletter January 24, 2003; accessible at http://
www.americasblood.org) that a Japanese man in his 60s
contracted hepatitis E from a blood transfusion that he
had received during heart surgery at a city hospital in
Hokkaido in 2002, where hepatitis E is most prevalentin
Japan as described above.

Multiple HEV strains of genotype 3 or 4 have been
isolated from Japanese patients with sporadic acute or
fulminant hepatitis E as well as from farm pigs inJapan
{Okamoto et al., 2003]. Reflecting the polyphyletic
nature of human and swine HEV isolates of Japan
origin, the HEV isolates recovered from three viremic
donors in the present study, differed by 6.6-8.5% from
eachother, although they belonged to the same genotype
(genotype 3) with the highest nucleotide sequence
identity of 91.5-94.9% with the JRAI1 isolate that is
believed to be indigenous to Japan [Takahashi et al.,
2001]). Three distinct swine HEV strains (swJ570,
swd681, and swJ791 in Fig. 1) of genotype 3 [Okamoto
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Fig. 1. Phylogenetic tree constructed by the n r-jo:
method based on the partial aucleotide sequg'nce of thz%ﬁb;?']:;gﬁ
(301 nt) of 75 HEV isolates, using a chicken HEV (AY043166) as an
outgroup. In addition to the HE-JBD1, HEJBD2, and HE-JBD3
isolates found in the present study which are indicated inbold type, 72
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
recent review article by Schlauder and Mushahwar [2001): B1 and B2
mBurma, C1,C2,C3,C4, andCSmChum, 1L, 12,13 andI4mInd1a. Nel
in Nepal and Pi and P2 in Pakistan. Asterisks denote swine HEV
strains. The human and swine HEV isolates of Japan origin are shaded
and indicated with vertical bars for visual clarity. Bootstrap values are
indicated for the major nodes as a percentage obtained from 1,000
resamplings of the data.

et al, 2001] and three different human HEV strains
(HE-JI3, HE-J14, and HE-JK4 in Fig. 1) of genotype 3 or
4 [Kuno et al., 2003; Takahashi et al., 2002b] have been
isolated in the same prefecture as that of the three
viremic donors, and they all share only up to 90.7%
identity with the HE-JBD1, HE-JBDZ2, and HE-JBD3

Fukuda et al.

isolates obtained from the viremic donors in the present
study. These results further support the marked
heterogeneity of the HEV genome and its wide distribu-
tion in Japan, even within a certain prefecture in this
country. ,

In conclusion, three blood donors with HEV viremia
were identified among voluntary blood donors with an
elevated ALT at a blood center located in the northern
part of mainland Honshu of Japan where HEV infection
is prevalent. Our study supports the possibility of
transfusion-associated hepatitis E in countries like
Japan where HEV is circulating and where there are
symptom-free HEV RNA-positive donors. Amuch larger
study with a greater number of blood donors with or
without an elevated ALT level is needed to assess the
frequency of HEV-viremic blood donors and the useful-
ness of ALT testing for excluding viremic donors,
although the major contributing factors to an elevated
ALT level in blood donors are known to be alcohol
consumption and obesity, and fo elucidate whether or
not a screening test for HEV infection is required for
blood donors, taking into consideration the geographic
regioninJapan. .
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