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HEV AMONG JAPANESE BLOCD DONORS WITH HIGH ALT LEVELS

Here we report the results of two studies. First, we
studied the presence of HEV in plasma samples coliected
from blood donors showing extremely high ALT levels in
Holkaido, fapan. Subsequently, we expanded the area of
investigation to nationwide and studied HEV prevalence
in Japanese blood donor samples with elevated AIT levels-
obtained frqm all Japan. '

MATERIALS AND METHODS

Blood donor samples with elevated ALT levels in
Hokkaido

For the prehminary study, we studied the blood donors

with elevated ALT. levels of 50010 per L and greater in
Hokkaido. There were 1,049,566 blood donations in

Holdaido from April 2000 through March 2003. Of these,

23,827 (2.3%) were disqualified because of an glevated ALT
level oi 61 IU per Lor greater, which was cutoff valuein the

Japanese Red Cross (JRC). Of these, 41 had an ALT level of -

500 IU per L or greater (Table 1). The samplés from these

41 donors enrolled in this study were stored below —20°C .

until testing. Thetests for qualitative HEV RNA and/or for
" antibodies were performed as described below.

Blood donor samples with elevated ALT levels in
nationwide Japan
All donor sarnples (n=1389) with ALT levels higher tha.n-
200 {mean + standard deviation [SD], 314 + 249) IU per L
were collected from all JRC Bload Centers over Japan
between April 2003 and March 2004, In addition, 1062
donor samples with ALT levels of 61 to 199 IU per L were
collected randomly from 3 blood centers (Hokkaido;
Hiroshima and Fukuoka). The 47 blood centers were
divided into eastern -Japan (three blocks: Hokkaide,
Miyagi, and Tokyo} and western Japan {four blocks: Aichj,
Osaka, Okayama, and Fukuoka; Fig. 1). Hiroshima and
Fukuoka blood centers belong to western Japan, The .
- samples were subjected to real-time reverse

transcriptioni-polymerase chain reaction (RT-PCR) testing

for the presence of HEV RNA and enzyme-linked immumn-

oserbent assay (ELISA} for antibody tests against HEV as

described below. The samples were kept frozen below
"—20°C until testing.

.Real-time RT-PCR for HEV RNA detection and

sequence analyses

Total nucleic acids were exiracted from 200 pL of plasma

sample using a virus spin kit (QlAamp MinElute, Qiagen

KK, Tokyo, Japan) according to the manufacturer’s

instructions. The 20-pL eluate was subjected to one-step
* .real-dme RT-PCR and quantitative assay for HEV RNA as

described in our previous study.!2 The amplification prod-

ucts were then sequenced directly on both strands and
were analyzed as described previpusly.'® The amplification
products of ORFZ (412 nucleotides) from HEV RNA-
positive samples were sequenced and compared with

those of reported swine HEV isolates from pigs or piglivers .

by using GenBank Basic Local Alignment Search Tool
{BLAST) homology search at the National Center for
Biotechnology Information server (http://www.ncbi.
nim.nih.gov).

The nucleotide sequence dataréported in this article
swill appear in DDBJ/EMBL/GenBank-. nucleotide

sequence databases with the Accession Numbers . -

AB434132 for HRC-BE], AB434133 for HRC-HEZ,
AB434134 for HRC-HE3, AB434135 for HRC-HE4,
AB434136 for HRC-HES, AB434137 for HRC-HES,
AB434138 for HRC-HE7, AB434139 for HRC-HES,

AB434140 for HMRC-HE9, AB434141 for HRC-HEIO,

AB434142 for HRC-HE11, AB434143 for HRC-HEI2,
AB434144 for JRC-HE1, AB434145 for JRC-HEZ2, AB434146
for JRC-HE3, AB434147 for JRC-HE4, AB434148 for JRC-

- HES, AB434149 for JRC-HES6, AB434150 for JRC-HE7,
AB434151 for JRC-HES, AB434152 for JRC-HE9, AB434153
for JRC-HEI0, and AB434154 for JRC-HELL.

TABLE 1. ALT-disqualified donors from April 2000 through March
2003 In Hokkaido, Japan (total number of donors, 1,049,566)

ELISA for HEV antibodies
‘Puwrified HEV Genotype 1 virus-like

Number of donors with each ALT level (JUL) .

particles derived from recornbinant

baculovirus-infected insect cells were

Donors §1-99  100-199 200299 300399 400499 S500-  Total o ) tor detection. of anti

Male 16,809 3714 226 45 ! 29 20824 usec as antigens for cetectian of ant-
Percent* 88.1 858 787 603 524 707 87.4 bodies to HEV'"'® HEV RNA-positive
Percentf =~ 1.60 0.35 0.02 0.00 ao0 000 1.98 samples from 41 donors enrolled in the

Female 2281 616 61 23 10 12 3,003 i
Percent®  11.8 142 213 337 476 293 126 |, Preliminary study were assayed by cormn-
Percentt 0.22 006  0.01 0.00 000 000 0.2¢ | " mercial HEV antibody ELISA kit (Cosmic

Total - 19,090 . 4,330 287 58 21 a1 23,827 . Corp., Ltd., Tokyo, Japan) which basi--
Percentt 1.82 041 - 003 001 000 000, 227 | cally consisted of the recombinant
Percentf 80.1 i8.2 1.2 0.2 0.1 0.2 100.0

ORF2 protein as the antigen according

t Rate relative to the total donors (1,049,586).
1 Rate relative to the ALT-disqualifted donars {23,827).

* Rate selalive to the donors with each ALT level, showing the ratio of sex difterence.

subsequent study of all samples

(n=1389 and 1062) from all areas of
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- Fig. 1. Map of Tapan s_howix\zg the locations of seven geographic
blocks. The 47 blood centers were divided into eastern | apan,
" (three hlocks: Hokkaido, Miyagi [six prefectures], and Tokyo
" [niie prefectures]} and western Japan (four hlocks: Aichi
[eight prél'ectﬁresl ; Osaka {six prefectures] ,bokayama [nine
- prefectures] including Hiroshima prefecture, and Fukuoka
[eight prefectures] including Fukuoka prefecture}.

Japan, ELISA was performed as follows, Wells of micro-*
plates (Number 2592, 96-well Stripwell, flat bottom,
Corning Life Sciences, Coming, NY) were coated with
50 pi> of the recombinant -ORF2 gprotein (3 pg/mL in
phosphate-buifered saline [PBS]), and. the plates were
.incubated at room temperature (RT) for 2 hours followed
by incubation with 100 pL of blocking buffér containing 40
percent (val/vol) calf serum (Gibco-BRL, Tokyo, Japan) at -
RT for 1 hour. The blocking buffer was discarded, and each
well was washed five times with 450 pL of washing buffer
(0.05% Tween 20 in PBS). To test for anti-HEV immunoglo-
bulin G (IgB), 50 uL of each sample was added o each-well
at a dilution of 1:100 in saline containing 40 percent calf
serum. The microplates were incubated at RT for 1 hour
and then washed five dmes with washing buffer. Fifiy
“microliters of horseradish peroxidase—conjugated goat
anti-human IgG (IGB22; Institute of Immunology Coa.,’
Ltd., Tokyo, Japan; 1:2000) or immunoglobulin M (IgM;
IGM49, Institute of Immunology Co., Ltd.; 1:500) in PBS
containing 25. percent (vol/vol) fetal calf serum (PAA
Laboratories GmbH, Pasching, Austria) was added toeach
well and incubated at RT for 1 hour. The wells were
washed five times with washing buffer. Fifty microliters of
tetramethylbenzidine soluble reagent (Dake Co., Ltd.,
Carpinteria, CA) as a substrate was added to each well. The
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plate was incubated at RT for 10 minutes in the dark, and
then 50 pL of 1 N sulfuric acid (Kanto Chemical Ce., Inc,,
Tokyo, Japan} as tetramethylbenzidine stop buffer was
added to each well. The optical density (OD) of each
sample was read at 450 nm. Test samples with OD values
equal to or greater than the cutoff value were considered
positive for the presence of anti-HEV 1gG or anti-HEV IgM
in this ELISA. ODs of 0.18 [mean (0.013) + 7 x SD (0.024)]
for anti-HEV IgG, and that of 0.19 [mean (0.022) + 6 x SD
{0.028}] for anti-HEV IgM were used as the cutoff values.
Reactive samples were tested by another HEV antibody

. BELISA kit (Cosmic) described previously. Samples were

determined as positive if they were reactive by both ELISA
methods.

Statistical analysis

A two-sided Fisher's exact test was used to compare the
percentages of subjects with each HEV marker in the two
geographic groups (eastem Japan vs. western Japan) or
two age groups (10s-30s vs. 40s-60s).

RESULTS

Prevalence of HEV RNA in donors with elevated
ALT levels in Hokkaido :

In the primary study, more than 98 percent of those dis- -
qualified donors had an ALT level of less thari 200 [U perL
and more- than 87 percent were-male (Table 1). The
number of donors with elevated ALT levels higher than
500 T per L was 41 (0.2%). Among the 41 donors, HEV
RNAs were detected in 8 (19.5%). Of these, 6 samples were
described in our previous study®

Prevalence of HEV RNA in donors W|th e!evated
ALT in Japan

. Thereafter, we studied a nationwide survey for HEV preva-

lence in Japanese blood donar samplés with elevated ALT

 levels including levels of less than 500 IU per L, obtained

from alf Japan. Cf 5,621,096 blood donations i 47 blood

- centers from April 2003 through March 2004, a total of

114,583 (2.0%) were disqualified because of elevated ALT -
levels of higher than 61 IU per L. Of these, 1389 donors
(men vs. women, 5.5 vs. 1; age, 32 = 11 years imean = SDJ)
showed clevated ALT level of higher than 200 TU per L. A
total of 1062,donors with an ALT level of 61 1o 1991U per L
were randomly collectcd from three blood centers as

"described.

The results are surnmarized in Table 2 and Fig. 2. Of
1389 donor samples with elevated ALT levels higher than
200 IJ per L, 15 (1.1%) were HEV RNA-positive, Although
the HEV-positdve donor samples were found in any block

of Japan, they tended to be more frequent in eastern Japan
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‘Number
lgG-pasltive (%)

Number
lgh-positive (%)

ALT levels (200- 1UA)

Number
RNA-positiva (3:)

Number ot
donorst

{total number of donats, 5,621,056)
Number
lgG-positive (%) -

ALT levels (61-199 [U/L)

Number
RNA-posltive (%)

-Number
IgM-positive (%)

donors*

TABLE 2. Prevalence of HEV RNA, 1gM anti-HEV, and IgG antl-HEV among elevated ALT danors from April 2003 through March 2004 in Japan
Number of

Goographic blocks

(Hokkaido, Miyagi, and Tokyo; p = 0.015). No HEV RNA-

o g e e s

arbERaneg ¥ positive sample was detected in 1062 donors with elevated

T s ALT levels of 61 to 199 IU per L. The results indicate that
M HEV RNA-positive donors with elevated ALT levels higher
< than 200 1U per L were widely distributed over Japan and

CoBea N @ the prevalence was the highest in Hokkaido.

mwmm ..M\MM ,m.\ Antibodies against HEV in donors with elevated
R ALT levels in Japan
w Of 1389 donor samples with elevated ALT levels higher
L than 200 fU per L, 14 samptes (1.0%) were positive for the
R R presence of 1gM antibodies to HEV. Donors with IgM
. anti-HEV were also frequently found in eastern Japan
w.(m... m,M.M. w;wn W p= 0.099) and associated with positive HEV RNA
mEEEmEEE L (Table 2). Of 1062 donor samples with elevated ALT levels
3 of 61 to 199 IU per L, only 1 mmaﬁm wag positive for the’ N
v ° o
S presence of IgM anti-HEV, =
< O3 1m0 Of 1389 donor samples with elevated bw.._.. levels
R higher than 200 IU per L, 45 samples (3.2%) were positive
K for the presence of IgG anti-HEV. Again, donors with IgG
Eonel8e 8 |o anti-HEV were more frequent in eastern Japan (p = 0.003)
TUNArs G (g and not associated with HEV RNA-positive donors
e (Table 2). The frequency of IgG anti-HEV-positive donors
E " appeared to be mmmﬁmﬁonamuﬂ. that is, from 0 percent of
Facacc<EF m donors in their 105 to 12.5 percent of doners in their 60s
BZZZZ2d8 (T (10s-30s vs. 40s-60s; p<0.0001; Fig. 2). Of 1062 donor
B 2|8 samples with elevated ALT levels of 61 to 199 1) per L, 29
e = .,km g - samples {2.7%) were positive for the presence of IgG ant-
NEZZZ N LB HEV (Table 2)." Again, the IgG anti-HEV-positive donors
m..m. were more frequent in eastern Japan (p <0.0001) and it
. e 8% appedred to be wmm.amﬁmuana (105-305 vs. 40s-60s;
o333233 5. BE. p =0.001, data not shown).
383
SlEx . -
~SS2L00 - §2 Analysis for HEV RNA-positive donors
..Nwm We verified in detail the HEV RNA-positive samples
25 obtained from two studies. Results of analyses for 8
S<x<<8E 5 |BS {(ALT'= 500 IU/L from Hokkaido) and 15 (ALT = 200 IU/L
gz=zzzco g 55 from Japan) HEV RNA-positive donors are swnmarized in
‘ 5 ..,M Table 3. The ensuing investigation revealed that all had
< m = no history of recent travel in HEV-endemic areas and
°2z2=22°%° 1533 remained asymptomatic despite of their elevated ALT
5 5% levels. The concentration of HEV RNA varied from 1.9 to
...w. g ._m 7.5 log copies per mL. Of the 23 samples, 3 were serone-
TSR Y |p¥S gative, 2 were IgM anti-HEV-pusitive, 17 were IgM/IgG
PEEEEST 2 18eg ant-HEV-positive, and 1 were IgG anti-HEV_positive
.m W i samples. ,H.Enmnw -three HEV RNA-positive samples were
oo b segregated into*Genotype 3 (n=19) and. Genotype 4
mmm (n = 4). These constituted 21 males and 2 females ages 25
8 m m to 62 years. Some of the 23 HEV RNA-paositive donors were .
g fg 3 m gg repeat donors. The results of the tests with samples from.
“m.m_ 0 885 _ 1% s m their other donatians revealed that HEV RNA was detected
G 24 ..wm 2& mn Mm in the previous donation in Donor 12 (HRC-HE12). The

sample was negative for the presence of both IgM and 1gG
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It should be noted that in Hokkaido,

8 of the 41 donors with ALT levels of
500 IU per L or greater were positive for
the presence of HEV, which is known to
be transmitted by transfusion. Thus, as a
result of performing HEV tests as the fol-

. lowing study among 124 blood donors
with ALT levels of 200 to 499 IU per L
in Hokkaido, 1 donor (0.8%) was HEV
RNA-positive (data not shown). Based
on these results, in the subsequent
-study we expanded the area of investi-

16-19  20-23  30-39 4049 50-59  §0-69
Age (years)

Fig. 2. Age-slaem.ﬁc prevalence rates of HEV RNA (I) IgM anti-HEV (E), and IgG anti-
HEV () in Japanese donots with elevated ALT levels of 200 1U per L and greater
from April 2003 through March 2004. The total number of tested donors was 1389,

v

anti-HEV with riormal AT The d_oriated blood {whole

blood) was not used for transfusion, because of the low

volume of red celis. The plasma was in quarantine. Except
for Donor 12, neither HEVRNA nor anu-HEVwas detected
in other donations.

When the 412-nucleotide ORF2 partial sequences of
the HEV-positive 23 isolates were compared with those of
reported HEV isolates from pigs or pig livers of Japan, all
had a high nucleotide sequence identity of higher than
92.2 percent. More specifically, HRC-HE8 and JRC-HE5
had the highest nucleotide sequence identity, of 99.8

percent, with sw]11-4.and swJ19-1, respectively, Also, JRC- -

HEl, HRC-HEI12, and HRC-HE3 had 99.3; 99.3, and 98.8
percent identities with swj18-3, swl13-1, and swJiL145,
respectively (Table 3).

DISCUSSION

The aim of this study was to investigate the prevalence of
HEV amang elevated ALT blood donots in Japan. The
results of the pritnary study, suggest that HEV was a major
causative agent among blood donors with ALT levels
higher than 500 IU per L in Hokkaido, since we demon-

strated that HEV RNA was detected in 8 0f41 (18.5%) of the -

high ALT donor samples. Subsequently, a nationwide
survey for HEV prevalence in blood donor samples with
clevated ALT from all JRC revealed that 1.1 percent {(n = 15)
of donor samples with elevated ALT levels higher than

200 [U per L were positive for the presence of HEV RNA. .
No HEV RNA-positive samples were detected in donor
samples with elevated ALT levels of 61 to 1991U per L.

Although the 15 HEV RNA-positive donors were widely

distributed over Japan, they were frequently found in

~ eastern Japan, especially in Hokkaido (4/15), Miyagl
{3/15), and Tokyo (4/15). .
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gation {o nationwide and studied HEV

‘prevalence in Japanese blood donor
samples with elevated ALT including
levels ofless than 500 IU per L, obtained
from all Japan. As for the geographical
distribution of hepatitis E in Japan, it
was reported that there was a higher
prevalence of HEV-infected donors in-
the eastem part of Japan. (Hokkaido, Miyagi, and Tokyo .
blocks).'S We cannot clearly explain the reason why.blood
danors with HEV markers were more frequent in eastern
than western Japan. Furtheér studies with a laiger number
of donors including normal ALT levels will be necessary (o
draw a definitive conclusion.

Twenty-three HEV RNA-positive samples were -
divided into Genctype 3 (n = 19) and Genotype 4 (n=4).
Because it is commonly assumed that blood donors
are healthy adults, most of those HEV-positive. donors
appeared to be asymptomatic. Since the isolates of aciite
hepatitis E patient samples were predominantly Genotype
4 in Japan," the genotypes wmay play an important role

‘in clinical progression of HEV infection. HEV-positive

donors with ALT levels higher than 500 {U per L appeared

- to be asymptomatic and their ALT elevation was transient

(unpublished observation). .
In this study, the routes of HEV transmission of-

infected donors are not clear. The HEV RNA-positive

donors had no history of recent travel abroad in areas.

- where HEV is hyperendemic. Yazaki and his colleagues®

reported that of the 363 packages of raw pig liver sold in
grocery-stores as food in Holdaido, 7 (1.9%) packages had
detectable HEV RNA. In this study, some isolates from
the HEV-RNA-positive donor samples showed close
sequence homology with the isolates from pigs in Japan,
suggesting that HEV transmission may be associated with
the consumption of undercooked or inadequately cooked
pig meat, Enderson and colleagues® reported that some
HEV would most likely survive the internal temperatures
of rare-cooked meat. When the 412-nudeotide ORF2
partial sequences of the 23 HEV RNA-pasitive donor iso-
lates were compared with those of reported HEV isolates
from pigs or pig livers of Japan, at least 9 isolates (39%)
showed close sequence homology (98.5%-99.8%) with the
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TABLE 3. Profile of HEY RNA-pasltive doriors

HEV straln with the highest homology

Qecgraphic Date of Age HEV ANA’ M—- HEV among the known swine isolates

Doner blocks donation . (years) Sex ALT (JUL) . (log copies/mL)  igM lgG genolype Strain {Accession No.} (%)t

1 Hokkaldo Dec. 2000 28 M 767 5.6 K 2 + -4 “HRC-HE1 swill.145% [AB105302] (98.5)§
2 Hokkaldo - Mar. 2001 30 M 506 5.0 + + . 3 HRG-HE2 swJHR1-1 [AB194528] (93.9)
3 Hokkaido Apr. 2001 40 M 1,470 8.9 . + 4 HRC-HE3 swiLid5f = [AB105902] (98.8)§
4 Hokkaldo Jul, 2001 47 M 713 - B b+ 3 HAC-HE4 swdTT1-1 [AB194526]  (93.4)
5 Hokkalda Oct. 2004 g2 M 2,080 8.4 + + 3 HRC-HES swll2a4t [AB105903] ©  (98.5)§
8 Hokkaldo Cet, 2001 39 M 641 51 + + 3 HRC-HES - swljl234% [AB105903] (98.5)§
7 Hokkaida Nov. 2001 . 48 M 740 36 + * 4 HRC-HES swiL145¢ (AB105802]  (98.5)§
8 ‘Hokkaido Feb. 2003 a9 F 578 6.2 - + ] HRGC-HE7 swJl234t [AB105808]1  (36.1)
9 Hokkaldo Jul. 2003 35 M 575 5.0 * + 3 HRC-HES swJi1-4% [ABDS4243) {99.8)§
10 Hokkaldo Qct, 2003 38 M 244 3.4 - - 3 HRG-HEID  swlHKS-13  [AB1844B6] . (85.4)
19 Hokkaido Nov. 2003 52 M 576 ' 3.9 + + 3 HRC-HE11 swJL 2343 [AB105903) (96.1}
iz Hokkaido Jari, 2004 as M 793" . 89, + + 4 " HRC-HE12 swl13-1% (AB094254) {09.3)§
13 © Miyagl Dec. 2003 39 M 470 . 54 + + 3 JAC-HES swf24-1 - {AB094306] (92.5)
14 Miyagi ' May 2003 25 M 222 4.2 + + a JRG-HES swdl234% [AB105908]  {95.1)
15 Miyag! Jan. 2004 34 M 273 3.8 + + a JRG-HE? swl2-1% [ABOR4207]  (92.7)
18 Tokyo Mar. 2004 41 F 216 1.9 + . + 3 JRC-HES - swJlAKE-2 [AB184512] (93.7)
17 - Tokyo Jun. 2003 -34 M 211 a1 o+ + 3 JAC-HES swJ19-1 [AB0B4278) (99.8)§
18 Tokyo Noy, 2003 34 M 447 : 6.8 - - 3 JRC-HE1 swJ18-3 [AB0B4277] (99.3)§
19 Tokyo Fab, 2004 36 M aza 5.2 + - 3 JAC-HE10 . swJC1990° [ABOIETSE] (92.7)
20 Alchl ‘Feb. 2004 g2 M 281 ' 3.9 + + 3 JAGC-HE11 sWJSZ1-1 [AB194524) (92.2)
21 Osaka ‘Mar. 2004 37 M 793 . 59 B - 3 JRC-HE8 swJHR1-1 {AB194528] {95.9)
a2 Okayamﬂ ~ May 2003 29 M 554 5.3 £ + .3 - JRC-HE2 swdlW4-1 [AB194496] (92.7)
23 Fukucka Aug. 2003 &7 M 308 7.5 + - 3 JRC-HE3 swJHR1-1 [AB194528) (93.4)

* HEV ANA-posltive donors: samples from Denors 1 through 8 were obtained from the primary study (ALT = 500 WL trom Hokkaido) and Donors & through 23 frum the secondary study

{ALT = 200 /L from all Japan), -
+ Nucleotide sequances were compdred to the GanBank databases utitizing the BLAST program available at hitp:/fwww, ncbi nim.nih.gov as of March 2008.

T isolates from Mekkaldo, -

§ )dentitles of 412-nuclectide ORF2 sequences over 98.5 percent are Indicatad

+ = positive; --negatwe, M = male; F = female
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