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Newly Developed TagMan Assay to Detect West Nile Viruses
in a Wide Range of Viral Strains

Shuzo Usuku*, Yuzo Noguchi and Tomohiko Takasaki'

Department of Testing and Research, Yokohama City Institute of Health, Kanagawa 235-0012 and
'Department of Virology 1, National Institute of Infectious Diseases, Tokyo 162-8640)

Communicated by Tatsuo Miyamura
(Accepted May 27, 2004)

In the United States during 2003, 9,862 people were
reported to be infected with West Nile virus (WNV) to the
Centers for Disease Control and Prevention, and 264 of
these people died of related encephalitis and meningitis
(http://www.cdc.gov/neidod/dvbid/westnile/surv&control
CaseCount03_detailed htm). There is the possibility of WNV
infection even in Japan in the near future,

Genetically, WNV can be divided into two lineages, NY99,
prevalent in the United States in a 1999 survey of avian and
mosquito samples, belongs to lineage 1 (1). Lanciotti et al.
(2) developed a TagMan Reverse Transcriptase (RT)-PCR
assay based on the sequence of the NY99 strain. The 3'NC

primers and probe assay detects 0.1 PFU/5 11 of sample of
NY9$9 strain and reacts with other six WNV strains. Two main
WNYV strains, g2266 (lineage 1) and FCG (lineage 2), are
available in local public laboratories in Japan. However,
they are genetically distinct from the NY99 strain. The 3'NC
primers and probe assay cannot detect the FCG and g2266
strains used as respective control strains in real time poly-
merase chain reaction {real time PCR) in a Japanese local
laboratory. 1t is thus necessary to develop new primers and
probe sets to detect various WNV strains in order to screen
avian and mosquito samples.

We developed a new TagMan RT-PCR assay 1o detect both

Table 1. Newly developed oligonucleotide primers and probes used in the Taghan assay

Primer Geneme position” Sequence (5°-3")
WNV cap-forward 110-127 CAGGAGGGCCCGGYAARA
WNV cap-reverse 179-162 ATCAAGGACAAYMCGCGG
WNV cap-probe 129-154 FAM-CCGGGCTGTCAATATGCTAAAACGCG-TAMRA

": Genome puosition according to WNV NY99 complete sequence {(GenBank accession number AF196835).

Table 2. Summary of slcnsitivily and specificity in West Nile viruses vsing cap primers and probe

Sensitivity limit"

Sampt
ample cap primers and probe (PFU/tube)  3'NC primers and probe
NY99 10~100 6.1
Egl01 5.4~54 Pos
WNV Kunjin (OR393) 200 Pos
FCG 28 x 1028 X ¥ Neg
£2266 Pos Neg
JEV/swiKagawa/24/2002 Neg
JEV type | JEV/swiMie/41/2002 Neg
JEV/sw/Shizuoka/33/2002 Neg
JaGAr0] Neg
JEV type 3 Nakayama Neg
Beijing Neg
Dengue virus  type 1 {Hawaii) Neg
Dengue virus  type 2 {New Guinea C) Neg
Dengue virus  type 3 {1187) Neg
Dengue virus  type 4 (1H241) Neg

" Pos shows positivity of TagMan RI-PCR by qualitative testing using seed visus.

*Corresponding author: Mailing address: Yokohama City Institute
of Health, Takigashira 1-2-17, fsogo-ku, Yokohama City, Kanagawa
235-0012, Japan. Tel: +81-45-754-9804, Fax: +81-45-754-2210,
E-mail: sh00-usuku@city.yokohama.jp
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lineages 1 and 2 WNVs including strains of NY99, Egl101,
Kunjin (OR393), g2266, and FCG. To develop the TagMan
primers and probe, we performed mulliple alignments using
12 WNV complete sequences {NY99, 13-68 STD, R0O%7-50,
Italy-98, FCG, etc.) submitted to GenBank and used the
nucleocapside (cap) coding region, which is highly conserved.
Primers and probe are shown in Table 1, and the length of
these amplicons was 70 bp. We also confirmed the specific-
ity of this assay by using negative controls of Japanese
encephalitis virus and dengue virus, respectively (Table 2).

To estimate the sensitivity of this assay, we performed 10-
fold serial dilution samples of NY99, Eg101, Kunjin, and
FCG strains using the WNV cap probe and primers. Table
2 shows the sensitivity of our cap primers and probe set.
Compared with that of the 3"NC primers and probe, our cap
primers and probe has a lower sensitivity to the NY99 strain.
Further, our cap primers and probe detected a wider range
of strains than did the 3'NC primers and probe, and has
sufficient sensitivity for use in WNV-screening of fleld
collected avian and mosquito samples. Our cap primers and
probe will be useful for WNV surveillance.
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TRANSFUSION COMPLICATIONS

Transfusion-transmitted hepatitis E caused by apparently
indigenous hepatitis E virus strain in Hokkaido, Japan

Keiji Matsubayashi, Yasuhiro Nagaoka, Hidekatsu Sakata, Shinichiro Sato, Kanji Fukai,
Toshiaki Kato, Kazuaki Takahashi, Shunji Mishiro, Mitsunobu Imai, Naokazu Takeda, and
Hisami Ikeda

BACKGROUND: In industrialized countries, sporadic
cases of hepatitis E have been reported in individuals who
have never been in an endemic area. Hepatitis E virus
(HEV) infection commonly occurs via the fecal-oral route
but a potential risk of transfusion transmission route has
been suggested.

STUDY DESIGN AND METHODS: A 67-year-old
Japanese male patient who had never been abroad
received a transfusion of blood from 23 voluntary donors
and developed acute hepatitis with unknown etiology after
transfusion. His blood samples were tested for viral
markers of hepatitis viruses.

RESULTS: HAV, HBV, HCV, CMV, and EBV were ruled
out as causative agents in this case. The patient's blood
sample in the acute phase contained HEV RNA as well
as IgM and IgG anti-HEV. HEV RNA was also delected
in one of the FFP wunits transfused. The donor had no
history of traveling abroad and had a normal ALT level at
the time of donation. The PCR producis from the patient
and the donor showed complete identity for two distinct
regions of HEV within open reading frame 1.
CONCLUSION: The patient was infected with HEV via
transfused blood from a volunteer donor. A potential risk
of posttransfusion hepatitis E should be considered even
in nonendemic countries,
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epatitis E virus {HEV) is a major cause of

epidemic hepatitis that is usually developed

as acute hepatitis in endemic areas in Asia,

Africa, Central and South America, and the
Middle East.! Recent evidence indicates that, in industri-
alized countries, sporadic acute or fulminant hepatitis E
occurs in individuals who have no history of traveling to
HEV endemic areas®'® and that hepatitis E is a zoonotic
disease; pigs and other animals appear to be linked to
human infection as reservoirs.'"'* In Japan, HEV infection
has been rarely reported and has been considered as an
imported infection from endemic areas foralong time. An
epidemiologic study with a sensitive ELISA system, how-
ever, revealed that 2 to 14 percent of the healthy popu-
lation in Japan was seropositive for the presence of IgG
anti-HEV." Approximately 13 percent of the non-A, -B,
and -C acute hepatitis cases in Japan were caused by HEV?
Moreover, after the initial discovery and the characteriza-
tion of indigenous Japanese strain, JRAL, from a patient
with non-A, -B, and -C acute hepatitis, who had never
been abroad,” several indigenous Japanese HEV strains
were recovered from patients with acute or fulminant hep-
atitis of non-A, -B, and -C etiology.***** Although the ques-
tion of when the first HEV strain made inroad remains
unsettled, it is likely that heterogeneous strains of HEV

ABBREVIATIONS: HEV = hepatitis E virus; nt = nucleotide(s).
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have already been circulating and HEV has recently been
recognized as an important causative agent of sporadic
hepatitis of non-A, non-B, non-C aetiology in Japan. In
endemic countries where fecal-oral routes of HEV trans-
mission are common, it is suggested that there is a poten-
tial risk of transfusion-transmitted hepatitis E, because
HEV viremia {s known to appear in the early stage of
infection and a significantly higher seroprevalence was
observed in transfused hemodialysis patients compared
to blood donors? In India, where HEV is endemic, two
cases of transfusion-transmitted hepatitis E were reported
but they were not confirmed by molecular approaches.”
Here we report a probable case of transfusion-transmitted
hepatitis E in Japan, where HEV had been believed not to
be endemic. Sequence analysis showed the isolates of
both donor and patient appeared to be identical.

MATERIALS AND METHODS

Characteristics of the patient

In July 2002, a 67-year-old Japanese male patient (5.K.),
who had never been abroad, received a transfusion of
blood products from 23 voluntary donors during open-
heart surgery. Although he was discharged 24 days after
the operation, he was hospitalized again for acute hepati-
tis of unknown etiology with elevated levels of ALT and
AST and bilirubinemia. He was followed-up for 134 days
after the operation and his blood samples were collected
periodically and stored below -20°C until testing.

Transfused blood samples
Twenty-three blood products from the 23 voluntary

donors, 14 FFP units, 8 RBC units, and 1 PLT unit, were |

transfused to the patient during the operation and their
stored blood samples were examined virologically includ-
ing for HEV RNA.

The Japanese Red Cross Blood Centers have imple-
mented a storing system of blood samples for every unit
of donated blood since September 1996 to assess adverse
effects of transfusion. All of the samples are stored below
—20°C until testing.?

Blocd donor samples with elevated ALT levels

There were 559,545 blood donations in Hokkaide from
October 2000 through April 2002, Of these, 15,285 (2.7%)
were disqualified because of an elevated ALT of greater
than 60 IU per L. Of these, 40 had an ALT level of greater
than 500 IU per L and tested negative for the presence of
{1IBV and HCV by NAT. Among them, the samples of 18
donors, 16 men and 2 wemen, were subjected to RT-PCR
testing for the presence of HEV RNA. These samples were
stored below —20°C until testing.

TRANSFUSION-TRANSMITTED HEPATITIS E

RT-PCR for HEV RNA detection

Detection of HEV RNA was performed by nested RT-PCR
targeting two distinct regions within ORF1. For 365
nucleotides (nt) within the methyltransferase-coding
region, corresponding to nt 105 to 469 of JRA1 strain,” RT-
PCR was carried out as described previously by Takahashi
et al.® and a template for direct sequencing was prepared
by the second-round PCR with the sense degenerate
primer MI13/HE5-2 (5-GTTTTCCCAGTCACGACGCCYT
KGCGAATGCTGTGG-3) and a mixture of antisense
degenerate primers M13/HE5-3 (5"-CAGGAAACAGCTAT
GACTCRAARCAGTARGTGCGGTC-3") and HES5-6 (5'-
CAGGAAACAGCTATGACTYAAAACAGTAGGTTCGATC-37).
M13 sequences for direct sequencing are underlined.

To amplify sequences within the hypervariable and
proline-rich hinge region, corresponding to nt 2127 to
2464 of JRAI isolate, seminested RT-PCR was performed
as described above with the sense primer HE-V1 (5'-
ACCTGGGAGTCAGCCAAT-3) and the antisense primer
HE-V2 (5-AACCAAGTACACTCAGACTCAAAG-3) for the
first-round PCR and internal sense primer HE-V3 (5'-
TATACTCGCACCTGGTCGG-3") and HE-V2 for the second-
round PCR.

Sequence analyses of PCR products

The amplification products were sequenced on both
strands with a cycle sequencing kit (PRISM BigDye
Terminator, Version 2, Applied Biosystems Japan Ltd,
Tokyo, Japan) and a genetic analyzer (Prism Model
3100 or 3700, Applied Biosystems Japan Ltd). The
PCR product of a 326-nt region was sequenced with
MI13 primers, M13/RV (5-CAGGAAACAGCTATGAC-3")
and MI13/M4 (5-GTTTTCCCAGTCACGAC-3"). For the
PCR product of the hypervariable region, the same
primers for the second-round PCR were used for
sequencing. The sequences determined were ana-
lyzed with computer software (GENETYX-Win, Ver-
sion 5.2, Software Development, Tokyo, Japan). The
sequences were aligned together with reported HEV
strains with a computer program (CLUSTAL W, Ver-
sion 1.8).* A phylogenetic tree based on the 326-nt
region within ORF1 was constructed by the neighbor-
joining method” and the final tree was obtained by a
computer program (TreeView, Version 1.6.6).*® Boot-
strap values were determined by resampling 1000 of
the data sets.

The nucleotide sequence data reported in this
article will appear in DDBJ/EMBL/GenBank nucleo-
tide sequence databases with the accession numbers
AB113303 and AB113311 for HRC-SK, AB113304 and
AB113312 for HRC-IM, AB113305 for LHIRC-HEL, AB113306
for HRC-HE2, AB113307 for HRC-HE3, AB113308 for HRC-
HE4, AB113309 for HRC-HES, and AB113310 for HRC-
IIE6.
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ELISA for HEV antibodies

Samples were tested for IgM and IgG antibodies to HEV by
ELISA that used virus-like particles as antigen that were
produced in baculovirus-infected insect cells."

Assays for viral markers other than HEV

Antibody assays to viruses other than HEV were per-
formed with commercially available kits: anti-HHAV IgM
(AxSYM HA-M, Version 2.0, Abbott Laboratories, North
Chicago, IL), anti-CMV IgM (Celltite SEIKEN Cytomegalo,
Denka Seiken Co. Ltd, Tokyo, Japan), anti-EBV IgM and
IgG (Diagnostics VCA-Test BML IgG and IgM test, BML,
Inc., Tokyo, Japan), anti-HCV (AxSYM HCV, Abbott Labo-
ratories), anti-HBc (AxSYM HBcAb, Abbott Lahoratories),
and anti-HBs {(AxSYM AUSAB, Abbott Laboratories).
HBsAg was assayed with AXSYM 1{BsAg (Abbott Laborato-
ries, North Chicago, 11). HBV DNA and HCV RNA were
assayed with NAT probe assays {(DNA Probe FR-HBY,
REBIOGEN, Inc., Tokyo, Japan; and Amplicor GT HCV
Monitor, Roche Diagnostics, Berkeley, CA, respectively),
according to the instructions of each company.

RESULTS

Clinical course of the patient

The clinical course of the patient (S.K.)
is summarized in Fig. 1. When he was

ALT, AST IU/L)

HEYV testing of transfused blood

The 23 samples of transfused blood were tested for the
presence of HEV RNA to determine whether the HEV was
transfusion transmitted. HEV-RNA was detected in one of
23 samples of transfused blood to the patient. The donor
LM. a 24-year-old Japanese woman living in Hokkaido,
had a normal ALT level of 10.0 IU per L at the time of
donation and IgM- and IgG-class anti-HEV was not
detectable (Table 1). FFP from this donor (I.M.) was trans-
fused to the case patient ($.K.). The RBC product from the
HEV-positive donation was transfused to another patient,
Y.M. A following study revealed that patient Y.M., who had
lymphoma showed no sign of hepatitis, clinically, virolog-
ically, or serologically of follow-up after transfusion. Nei-
ther HEV-RNA nor anti-HEV were detected in his blood
130 days after transfusion.

A blood sample from the HEV-positive donor’s (LM.}
previous donation (15 months before the case donation)
was available for testing. The sample was negative for the
presence of HEV RNA or IgM- and IgG-class anti-HEV and
had an ALT level of 8.0 IU per L. Five months after the case
donation, the donor had seroconverted with IgM and IgG
anti-HEV and HEV RNA was not detectable at that time
(Table 1). On interview by telephone, donor .M. had not
been out of Japan during the incubation period and no

Tolal bilirubin {mgldaL)

hospitalized again for acute hepatitis, 2000 20

he had an elevated ALT leve] of 1595 IU 1500 15

per L and an AST level of 1727 IU per L 1000 10

on Day 46 after transfusion; these nor- 500 5

malized within 1 month, whereas the o 0

total bilirubin level rose to 11.0 mg per -10 0 10 20 30 40 50 &0 70 B0 90 100 110 120 130

dL 2 weeks after the maximum ALT and

AST elevation. His clinical state was Days after transfusion

improved 96 days after the transfusion.

The retrospective testing of his blood 2% 4 37 4651 86 T8 83 93 106 120 134

sample from 4 days before the operation HEV RNA - ++¥ o+ 4+ = NI NT NT

showed that he was negative for the ~ Ant-HEVIgM - DR
Anti-HEV IgG - + ++ 0+ 4+ o+ o+ + +

presence of anti-HAV IgM, anti-CMV

IgM, anti-EBV IgM, anti-HCV, HCV RNA,
HBsAg, and HBV DNA.

In contrast, 1gM and IgG class anti-
bodies against HEV were detectable
in his plasma sample on Day 37 after

Fig. 1. Clinical course of the patient with hepatitis E and the testing results for HEV,
The ALT (@), AST (A), and total bilirubin levels {{]) are also shown.

transfusion. HEV-RNA was detected
from the serum sample of Day 37 and

TABLE 1. Characteristics of the HEV-RNA-positive donor*

viremia lasted at least until Day 85 post- UL HEV AN ' Anti-HE\;'
transfusion. HEV markers were not pos- : : ALT (UiL) A gM 9G
e e 4 Previous denation (=15 months) 11 - - -
itive in his blood sample at 4 days before Case donation 10 N - _
the operation. The IgG anti-11EV contin- Follow-up exam (+5 months) 8 - + +

ued to be positive for 134 days after .
transfusion when last tested.

+ = positive; — = negative,
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clinicat sign or symptoms of hepatitis
during a follow-up of 5 months after the
case donation.

HEV sequence study with PCR
preducts from the doner and
the patient

TRANSFUSION-TRANSMITTED HEPATITIS E

\

Japan HRC-HE2 [AB113306]
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.___E:“—JG‘DM HE-JAS | BOSZ 551)
£4 tapen w570 {ABD73912)
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The PCR products of donor LM. and g opan HE-1A10 |ABOAZ5AS] lll
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patient 8.K. were compared to each o Y teow ABO74220)
other for sequences corresponding to Japan HE JAL [ABDE2S4E]
. . Japan JHA: Sap [ABD74915}
.a.326-nt region encoding methyltrans- - Japan HRC-HES [AB11330%]
. . & JKH-5: 0748
ferase within the ORF! of the HEV H"l:'?‘”"“””
- Now Zaoland swiN2 JAFI18661]
genome. The sequence (HRC-IM) of the Noatn At (AFLT9122]
PCR product from the transfused blood . —] E Argantna Art [AF254003)
Argantne Ar2 JAFZG4014]

that was positive for the presence of
HEV RNA showed complete identity
with that (HRC-SK) from patient 5.X.s 3
blood at 37 days after transfusion.
According to Schlauder and Mushah-

Greace G2 AR 11OT89)
47 Soan VHZ |AF165065)
Greocs G 1 [AFT10088]
Spain Vi1 |AF195064]

war's classification of HEV# these iso-
lates were segregated to genotype IV
and were very similar to JKK-Sap and
JSY-5ap,® which were isolated from hep-
atitis E patients living in Hokkaido (Fig.

Mewco [W74508]

Morooce F12 [AF010423)p

96 Moracco F2I{AF0104z4]p

Incim b0 37 [X58257]

Kirgsss Qth [AF (104250
Uzbghgtan Taahkent {AFO10426)
Baketan ADD-28 |AF185822)
Mapal T615:42 [AFG5108130]
Japan JMN-S31 [ABOT4918]
Burma [WM73218)]

Burme KEVNESL [B10330]
Chira Xijang {D1t 1452}

China HaB a1 {MB4177)

2). JKK-Sap was different by only int
at position nt 261 and J8Y-Sap by two
nucleotides at the positions nt 261 and
nt 330, based on the JKK-5ap sequence,
respectively. The amino acid sequences
were completely identical for these
strains. Furthermore, for the 307-nt pro-
line-rich hinge region of ORF1, the iso-
lates. from donor L.M. and patient S.K.
showed complete identity.

Detection and analysis of HEV RNA
in donors with elevated ALT

Six of the stored samples from 18 donors
with elevated ALT levels higher than 500 : a.

1U per L, who were all men and aged 29
10 48 year, were positive for the presence
of HEV RNA (Iable 2). Phylogenetic
analysis based on the 326-nt sequence
of the ORF1 indicated that isolates of
HRC-HEZ2, HRC-HE4, and IHRC-HE5
were segregated to genotype III, and
HRC-HE1, HRC-HE3, and HRC-HEG as
well as HRC-IM, to genotype IV (Fig. 2}. All four strains of
genotype IV were very closely related to each other with
99.4 to 100 percent identity in this region. HRC-HE1 and
HRC-HE3 were completely identical with JKK-Sap. The
addresses of HEV-positive donors were not concentrated
in a particular area but widely distributed over Hokkaido.

Chom (£J881€]
Ching Qg1 79 (D1 15411
Chna {£25547]
Pakmtan SAR-55 {MBA581]
Chira G |AI372108)

Yiat Nam VD130RF1 [ABOT5356]
Vet Ham V1310RF1 [ABOT3348]
Vst Nam V12I0RF1 [ABO75958)

Vil Mam YDOBORF1 |ABJ75UE5)

V! Nam VOE1ORF1 JABAT5967)

Japen HE - Jl4 [ABOBISTS)

Jepan J3k-SapFH |AB DR IL5]
Jagan HE-1AY [ABOB2546)

Japan g% 131 [ABOD7B11]

Yt pm VIZBORFY (RE4T5UT0)
Jarms HE-JAZ [ABOB2547]

Chna CoyS[AF0820493]

Jepan JAK-921 188074013}

Japan HE-JA] [ABCSE2548)]

Japen JEY - Sap [ARCT4921]

Japan HRC-IM [AB113304]

Japan HRC.SK [AB113303}

Japan HRC-HES [AB143310]}

Jepmn K K-Sep ABGME1T]

Japan HRC-HE1 {AB11330%]

Jepan HRC-HES {AR113307)

Fig. 2. Phylogenetic tree based on a 326-nt region of ORF1I for HEV strains derived from
the case donor HRC-IM and patient HRC-SK and six donors with elevated ALT of
greater than 500 IU per L. Accession numbers for the reference sequences are indi-
cated parentheses, The isolated strains in this study are shown in boldface. Bootstrap
values are indicated for the major nodes as a percentage of the data ebtained from
1000 resamplings,

Although HRC-HEl and HRC-HE3 showed identical
sequences, the two donors lived in different cities, and
there was a time lag of 6 months between their donation
dates.

Because some of the donors with a high ALT level were
repeat donors, samples from different donations could be

Volume 44, June 2004 TRANSFUSION 937
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TABLE 2. Characteristics of disqualifled donors with elevated ALT of greater 500 IU per L*
Age ALT lovel Anti-HEV HEV strain
Donor Date of donation (years) Sex (IU/L) IgM 1gG HEV RNA (genotypa}
1 QOctober 2000 45 Male 878 - - -
2 August 2000 29 Male 1" - - -
December 2000 29 767 + + + HRC-HE1 {IV)
August 2001 30 12 + + -
February 2002 31 18 + + -
May 2002 3 16 - +
3 December 2000 42 Male 558 - - -
4 January 2001 " 32 Female 670 - + -
5 March 2001 30 Male 506 + + + HRC-HE2 (il
6 April 2001 35 Male 1008 - - -
7 April 2001 40 Male 1470 + + + HRC-HE3 (IV)
8 June 2001 33 Female 545 - - -
9 Juns 2001 : 36 Male 675 - - -
10 July 2000 46 Male 21 - - -
July 2001 47 713 + + + HRC-HE4 (11}
11 July 2001 31 Female 748 - - -
12 August 2001 36 Male 1458 - - -
13 August 2001 49 Male 647 - - -
14 October 2001 39 Male 641 - + + HRC-HES (il
15 April 2000 47 Male 17 - - -
November 2001 48 740 + + + HRC-HEB (V)
16 November 2001 40 Male 77 - - -
17 December 2001 56 Male 53 - - -
18 April 2002 33 Female 948 - - -
* + = positive; ~ = negative.

studied, For all HEV-RNA-positive donors except for
Donor 14, anti-HEV IgM was detected in the HEV-RNA-
positive donations (Table 2). In the three HEV-infected
donors, Donors 2, 10, and 15, ALT levels were normal and
neither HHEV RNA nor anti-HEV was detected in the previ-
ous donations. For Donor 2, HEV RNA was negative and
ALT not elevated except for the HEV-RNA-positive dona-
tion; the HEV-positive donation had both IgG and IgM
antibody to HEV and his anti-HEV IgM was still detect-
able 13 months after the HEV-positive donation.

DISCUSSION

We report the first case of transfusion-transmitted acute
hepatitis E fully investigated by molecular approaches.
The HEV-positive blood donor was asymptomatic and res-
ident in Japan, where hepatitis E has been caonsidered not
endemic, and her donation was made in an early stage
of HEV infection. Fecal-oral transmission is the common
route of HEV infection in the outbreaks in endemic areas,’
whereas little is known about the transmission routes for
sporadic hepatitis E cases in industrialized countries, Ver-
tical transmission as well as transfusion transmission has
been suggested in endemic areas.™

In India, where hepatitis E is endemic, Arankalle and
Chobe® reported two cases of transfusion-transmitted
hepatitis E by means of retrospective analyses. Neverthe-
less, they were not successful in demonstrating the asso-
ciation of blood transfusion with hepatitis E infection by
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molecular approaches probably because of degradation of
HEV RNA in the specimens during storage.

In our study, specimens from both the donors and the
patient before and after the transfusion were available in
good condition, which made it possible to determine that
the blood transfusion was associated with HEV infection
with molecular approaches.

The case patient was positive for both anti-HBc and
HBsAg and negative for the presence of HBV DNA before
and after transfusion, suggesting that he was not in an
active HBV carrier state. Testing results for other five
viruses regarding to hepatitis except for HEV showed that
they were ruled out as a causative agent to this case.
Based on the clinical data, he was diagnosed with acute
hepatitis E. The case donor had a seroconversion of anti-
HEV and appeared to be asymptomatic for HEV infec-
tion. The amplification products of two distinct regions of
HEV corresponding to the methyltransferase gene and
the hypervariable and proline-rich hinge domain of ORF1
from both the patient and the donor were sequenced,
showing complete identity. Therefore, it is highly proba-
ble that the transfusion was responsible for the current
hepatitis E case. [n addition, the onset of the hepatitis
was closely associated with the timing of the blood trans-
fusion. The onset of the hepatitis was somewhere
between 24 and 46 days after transfusion, which corre-
sponded to the incubation period of 32 days in a case of
transmission of HEV to a human volunteer.”® Neverthe-
less, the possibility cannot be ruled out that the infection



occurred via other route and the sequence identity of the
HEV in the donor and the patient was coincidental. RBCs,
derived from the HEV-positive donation, did not appear
to cause hepatitis E by transfusion to another patient.
The patient had no clinical sign of hepatitis during fol-
low-up after transfusion; neither HEV RNA nor anti-HEV
were detected on the 130 days after transfusion but any
other sample from the patient was not available for test-
ing. The viral load of HEV in the RBC product could be
too low to cause infection.

We also found six HEV-RNA-positive samples among
donors with an ALT level of greater 500 1U per L in the
same area, Hokkaido, and some of them had strains quite
similar to the case strain, HRC-IM and HRC-SK.

Phylogenetic analyses of HEV isolates indicated a
cluster of genotype IV indigenous to Hokkaido. The cluster
includes highly homogeneous strains of genotype IV with
99.4 to 100 percent nucleotide sequence identities: JKK-
Sap and JSY-Sap from hepatitis E patients; HRC-HE1,
HRC-11E3, and HRC-HE6 from voluntary blood donors
with ar ALT level of greater than 500 1U per L; and HRC-
IM from the case donor. Of three HEV strains of genotype
11l isolated in this study, HRC-HE5 showed very similar
nucleotide sequence to JKN-Sap and JHA-Sap® isolated
from acute hepatitis E patients. They all were derived from
individuals living in Hokkaido. These results suggest that
multiple HEV strains of genotype Il and 1V indigenous to
Hokkaido may exist and are circulating there. It is interest-
ing to note that a recently isolated swine HEV strain in
Hokkaido showed 99 percent nucleotides homology over
the entire genome with a human HEV strain of genotype
IV.'817 Moreover, a direct evidence of IIEV transmission
from animal to human via uncooked deer meat was pro-
vided in Japan.'® These support the idea that hepatitis E is
azoonotic disease and swine and deer are as reservoirs for
human infection.

By implementation of sensitive HBV and HCV
tests including NAT for donor screening, the residual risk
of posttransfusion hepatitis B and C has become
minimal.*®** Regarding other viruses associated with
hepatitis such as HAV, HEV, CMV, and EBV, a specific test
for each virus is not performed as routine donor screen-
ing in Japan. Although it may not be very effective in the
early stage of infection or as a surrogate test for HBV or
HCV infection,™ ALT testing may be helpful in prevent-
ing posttransfusion hepatitis caused by other viruses
associated with hepatitis. Approximately 8000 (2.3%)
units of donated blood are disqualified yearly owing to
an elevated ALT level of higher than 60 [U per L in Hok-
kaido. Forty donors showed ALT levels of higher than 500
IU per L in 1.5 years, of which at least six samples with-
out HBV DNA nor HCV RNA were HEV-positive. It
should be noted that the 6 donors were disqualified not
by donor interviewing but by ALT testing. This suggests
the possibility that asymptomatic HEV infection was
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present among other blood donors. Although the appro-
priate cutoff value might be reconsidered, ALT screening
should not be discontinued because information about
HEV infection is still poor and there is no other screen-
ing test to eliminate such asymptomatic HEV-positive
donors in Japan.

In conclusion, although transfusion-transmitted HEV
is probably much too rare to sustain HEV transmission in
industrialized countries, where HEV infection is believed
to be nonendemic, it should be taken into account that
HEV is spread through uncertain routes, and the potential
risk of transfusion-transmitted HEV infection should be
considered. Further epidemiologic study is required to
understand the current transmission routes of HEV
infection.
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