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BACKGROUND: There are an increasing number of
reports on the hepatitis B virus (HBV) genotype distibu-
tion in acule or chronic HBV-infected patients in Japan;
however, reports on the HBY genotype of blood donors
are few, To compare the HBV genotypes of hepatitis B
surface antigen {(HBsAg)-positive biood donors with
infected patients, all the HBsAg-positive donors' geno-
types were determined. ]
STUDY DESIGN AND METHODS: Data on Japanese
bload donors from Qclober 2006 16 September 2007
were obtained from the Japanese Red Cross database.
The number of available samples was 1979, and the
HBV genotypes were determined in 1887 samples. The
six major genotypes of HBV (A-F) were delermined by
enzyme-linked immunosorbent assay. The presence of
the immunoglobulin M (IgM) antibody against the HBY
core amligen was determined by enzyme immunoassay
among ali HBsAg-positive donors.
RESULTS: A significant difference in the HBV genotype
distribution belween donors and patienis was in the C/B
genotype ratio. The ratios were low in hlood donors
(2.0-3.9) and high in palients (5.3-18.2). The genolype
B ratio increases from 13.8% in feenage donors io
42.4% in those in their 50s; however; the genotype C
ratio decreases from 83.1% in feenage donors to 55.1%
in those in their 50s. In both lgh antibody against bepa-
titis B core antigen and nucleic acid test-positive
donors, genolypes A and B were restricied 10 male
donors.
CONCLUSIONS: The age-specific distribution of HBY

_ genotypes in Japanese blood donors was observed in
the B/C genotype ratio. The gender-specific distribution
of HBY genotype A, which originated from the US or
Waestern countries, was observed in male Japanese
donors.
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he hepatitis B virus (HBV) genotype is impor-
tant in epidemiologic studics, analysis of modes
of infection, and medical tréatment. There: are
eight HBV genotypes designated as Ato H on the
basis of greater than 8% nucleotide variation over the
entire genome."® HBV genotypes are distributed in dis-
tinct geographical localizations.”® HBV genotype A is
detected in America, Northern Europe, and India.’ Geno-
types B and C are prevalent in Asia® Genotype D is
detected around the Mediterranean Sea.* Genatype E is
restricted to Africa,? and Genotypes F and H are prevalent
in South and Central America® Genotype G has been
found in France, Germany, the United States, and Mexico.?
The clinical significance of HBV genotype has been
reported. The HBY genoiype tnay affect hepatitis B e
antigen (HBeAg) seroconversion rates, mutational pat-
terns in the precore and core promoter regions, response
to interferon, and the severity of liver disease.***® Corn-
parisons between Genotypes A and D in Europe and
Amierica, and between Genotypes B and C in Asia, have
been reported. Genotypes A and B arc more sengitive ta
interferon than Genotypes C and D.*

ABBREVIATIONS: HBecAg = hepatitis B ¢ antigen;
JRC = Japanese Red Cross; MSM = men who had sex with other
mer.
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Despite the distinet geographical localization of
HBV genotypes, the rate of Genotype A has increased in
Japanese blood donors as well as Japanese acute HBY
patients.'® To provide an overview of the present state of
HBV infection and the HBV genotype distribution in
Japanese blood donors, the HBV genofypes of hepatitis B
surface antigen (HBsAg)-positive donors from October
2006 to September 2007 were determined.

MATERIALS AND METHODS

Data of blood donors '

Data of Japanese blood donors were obtained from the
Japanese Red Cross (JRC) database. The number of total
blood donors was 4,874,911, aud the number of HBsAg-

positive donors was 2043 (0.041%). The number of first- - .

time blood donors was 594,096, and the number of
HBsAg-positive first-time blood donors was 1362 {0.23%)
from October 2006 to September 2007,

" The munber of available samples was 1979, and the
HBV genotypes could be detersnined in 1887 samples. The
HBV DNA load of the other 92 samples was too low for
the determination of the HBV genotypes.

Determination of HBV genotypes and
subgenotypes

The six major HBV genotypes (A-F) were determined by
enzyme-linked immunosorbent assay (ELISA; HBY Geno-
type enzyme immunoassay [(EIAL Institute of Imimunology,
Tokyo, Japan). This method involves the use of menoclonal
antibodies directed to five epitopes exposed on the pre-52
region of the HBV genome.” When a genotype could notbe
determined by the ELISA, they were determined by direct
sequencing of the surface region using a cycle sequencing
kit and a genetic analyzer (BigDye Terminator and AB!
PRISM 3100, respectively, PE Applied Biosystems, Foster
City, CA)-To analyze the sequences, two different computer
programs were used {(SEQUENCHER MAC, Version 4.1,
Hitachi Software Engineering, Tokyo, Japan; or GENETYX
MAC, Version 9.0, Software Development Co., Tokyo,
Japan). The primers from HBsAg region were used as
follows: SI-1 (sense, 5-TCGTGTTACAGGCGGGGTIT-
¥F[ntsj192-211), S1-2 (antisense, 5'-CGAACCACTGAACA
AATGGC-3'[n1s}689-5-704), S2-1 (nested sense, 5'-CAAG
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merase chain reaction (PCR), HB104 (sense, 5-AGACC
ACCAAATGCCCCTATC-3 Ints)2297-2317) and S1-2 (anti-
sense) were used. For nested PCR, HB106 (nested
sense, 5-CCCCTATCYTATCMACACTTCCG-3"[nts]2310-
2332) and 52-2 {nested antisense) were used. The primers
from precore region were as follows. For first PCR, PC1-1
(sense, 5'-CATAAGAGGACTCTTGGACT-3’[nts]1653-1672)

and PC1-2 (antisense, 5-AAAGAATTCAGAAGGCAAA
AAAGA-3'nts]1949-1972) were used. For nested PCR,
PC2-1 (nested sense, 5-AATGTCAACGACCGACCITG-

FInts{1679-1698) and PC2-2 (nested antisense, 5-TCC
ACAGAAGCTCCGAATTC-3'[ntsj1922-1941) were used.

Serologic screening and nucleic acid amplification
technology

-The Japanese screening system was described previ-

ously.' Briefly, samples were screened for HBsAg by
reverse passive hemagglutination and cenfirmed by EIA
(AxSYM, Abbott Labaratgries, Abbatt Park, 1LY and for HBV

~ core antibody (anti-HBc) by hemagglutination inhibi-

GTATGTTGCCCGTTTG-3'[nts]455-474), and 52-2 (nested -

antisense,
687).
The subgenotypes Aa {Asian type) and Ae (Buropean
type) were determined on the basis of the o region of 1556
‘basdes (nt 2333-3221 and 1-667) and the subgenotypes Ba

. 5-GGCACTAGTAAACTGAGCCA-3'nts]668-

‘ (Asian type) and Bj (Japanese type} were determined on

the basis of the precore region of nucleotide 1838.%" The

primers from o region were as follows. For first poly-

—).
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tion.¥ The sensitivity of reverse passive hemagglutination
for HBsAg was approximately 2 ng/mL. The presence of
the immunoglubulin M antibody against the HBV core
antigen. (IgM-HBcAb) was determined by EIA {Abboft
Laboratories) among all the HBsAg-positive donors from
October 2006 to September 2007,

" The nucleic acid amptlification technolog}' {NAT)
system has been described elsewhere.”® The present paol
size of JRC is 20. The 95% HBV DNA detection limit of the
AMPLINAT MPX test system was found to be 30 {22-60)
copies/ml based on a plasma standard quantified in the
Anplicor Monitor assay (Roche, Indianapolis, 1N)*¥ and
was found to be 15 TU/mL (60 copies/mlL) according to
validation studies with the WHO standard by JRC. Sero-
logically positive and alanine aminotransferase {(ALT)-
elevated (360 I'J/m1) samples were excluded from NAT
screening.

Statistical analysis

The propomonal distributions of genolypes were coni-
pared using Fisher's exact test, chi-square test with Yates'
correction, and F-test. A p value of less than 0,05 was con-
sidered significant.

RESULTS

_ The number 6f total blood donors and that of first-time

blood donors of every -age group from October 2006 to
September 2007 are shown in Fig. 1. The median age of
tatal donors was 37 years and that of first-time donors was
24 years. The tmale/female ratio of total donors was 1.89
(1.28 for those 20-29 vears old and 2.13 for those 30-39 .
years old) and that of first-time donors was 1.39. The rate
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Fig. 1. Number of total and first-time blood donors and rate of HBsAg-positive first-time blood donors. Left axis shows male and
femnale total and first-time biood denors. The number of total blovd donors was multiplied by 1/10. Therefore, the number of first-
time blood donors was approximately 10% of total blaod donors. The median age of total blood donors was 37 years and that of
fixst-time blood donors was 24 years. The right axis shows the rate of HBsAg-positive male and female first-time blood donors. The
rate of HBsAg-positive first-time blood donors was found to increase with age, Blood donors aged 16 to 19 years were born after
1986, the year a selective vaccination program to prevent mnother-to-infant infection by BBV was started. Blood donors aged 60 10

1

69 years were born at around World War i1,

TABLE 1. Distribution of HBV genotypes in Japanese blood donots and patients

Genotype {%)

Number A B C D-F and mix
Blaod donors Total HBsAg posilive 1887 5.6 30.8 62.6 .10
First-time 1349 5.0 31.0 62.3 1.7
Repeat 538 6.9 0.3 €2.3 05
1gM-HBCAl positive 61° 21.7 15.0 63.3 0.0
NAT-positivet - [5:] 19.1 i6.2 63.2 : 1.5
Patientst Chronic Kobayashi el al.*® 077 1.9 0.4 37.7 1.0
Orito et al.¥ 720 1.7 12.2 84.7 14
Tekeda ef al® 20 0.0 6.3 93.7 0.0
Hayashi et al.2! 123 3.3 15.4 B1.3 0.0
Acute Takeda et al.*® 98 18,4 4.1 74.5 a0
' Hayashi et al® 123 211 a1 87.5 a3
Sugauchi et al.® 485 19.0 12.0 68.0 1.0

* The genotype of one sample could not be determined.

+ The representalion of patients was modified as a percentiage.

T The number of NAT-positive donors was nel included in the total HBsAg-positive donors. Twenty-two HBeAb-positive cases were excluded.

of HBV-positive first-time blood donors increased with
increasing age (Fig. 1). The rate of HBV-positive first-time
blood donors in Japan decreased yeatly from 1.07% in
1495 and 0.22% in 2007 (data not shown]).

The HBV genotype distribution in HBsAg-positive
bloed donors from October 2006 to September 2007 is
shown in Table 1. The number of first-time donors was
1349 and that of repeat donors was 538. Among repeal
donors, HBsAg seroconverted donors were approxi-
mately 10%, because JRC accepied the donors' right to

" refuse to receive the notification of human immunodefi-
ciency virus (HIV), hepatitis C virus (HCV}, and HBV
infections. Therefore, some HBsAg-positive donors
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donate repcatedly. All the HBsAg-positive samples were
tested for IgM-HBcAb. Sixty-one samples were IgM-
HBcAb positive (1.2 =s/n), Thitty-three of the 61
samples were from first-time donors and 28 samples
were from repeat donors. In addition to the 1887 HBsAg-

positive donors, 50 HBV NAT-positive (HBsAg-negative |

and HBV DNA-positive)- donors were detected. Twenty-
two HBV NAT-positive donors were considered not to be
in the serologic window period and were excluded
because they were HBcAb and HBV DNA positive but
lgM-HBcAb and HBsAg negative. If high-sensitive tests
were implemented, some of NAT-positive donors includ-
ing these 22 'donors became HBsAg positive.




Comparison of the genotypes of donors and
patients

To compare the genotypes of donars and patients, five
references’®? are cited in Table 1. The HBV Genotype A
distribution in total HBsAg-positive donors (5.6%) was
similar to that of chronic patients {0.0%-3.3%) and that of
acute patients (18.4%-21.1%} was similar to that of IgM-
HBcAl- (2).7%) or NAT-positive (19.1%) donors. A signifi-
cant difference in HBV genotype distribution between
donors and patients was in the C/B genotype ratio. The
ratios were low in blood dopors (2.0-3.9) and high in
patients (5.3-18.2; p < 0.01). However, there was no signifi-
cant difference in the C/B genotype ratio between chrenic
patients (5.3-14.9) and acute patients (5.7-18.2).

Age-specific distribution of genotypes

The distribution of genotypes among the same age group
is shown in Fig. 2. The following calculation was con-
ducted from the data in Table 2. The distribution of Geno-
type B increases from 13.8% (9/65) in 18- to 19-vear-old
donors to 42.4% (189/446) in 50- to 59-year-old donors

HBV GENOTYPE OF JAPANESE BLOOD DONORS

(p < 0.01); however, the Genotype C ratio decreases from
83.1% (54/65) in 16- to 19-year-old donors to 54.9% (245/
446) in 50- to 59-year-old donors (p < 0.05). The genotype
distribution among age groups is shown in Table 2. Geno-
type A was found in approximately 90% (23.6% + 37.7% +
28.3%) of 20- to 43-ycar-old donors. On the other hand,
Genotype C was found in every age group, wherecas Geno-
type B was most prevalent in those 50 to 59 years old
(32.5%).

Gender-specific distribution of genotypes and
subgenotype .

The male/female ratio of total donors was 1.89 (3,253,849/°
1,721,062}, that of first-time donors was 1.39 (345,986/
248,110; p < 0.01), that of Subgenotype Ae was 13.8 (69/5;
p <0.01}, that of Subgenotype Aa was 4.2 (25/6), that of
Subgenotype Ba was 2.45 (98/40), that of Bj was 2.49 (276/
111; p < 0.05), and that of Genotype C was 2.58 (851/330;
p < 0.01; Table 3). The significance was compared with the
male/female ratio of total donors using the chi-square
test, Subgenotype Ae is male-specific.
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Fig. 2. Ratio of HBV Genotypes A, B, and € within each age group. The numbers of HBsAg-positive donors were 65 (16-19 years), 364
(20-29 years), 469 (30-39 years), 433 (40-49 years), 446 {50-5% years), and 110 (60-63 years). The ratio of Genotype C decreased from
83.1% (54/65) for those aged 16 1o 19 vears to 54.9% (245/446) for those aged 50 to 59 years; however, that of Genotype B increased
from 13.8% (9/65) for those aged 16 to 19 years to 42.4% (189/446) lor those aged 50 to 59 years.

,

TABLE 2. Age-specilic distribution of each HBV genotype

Age (years)

Genotypes Tetal number (%) . 16-18 20-29 a0-39 40-49 50-59 60-69
A 106 (100) 2 (1.9) 25 (23.6) 40 (37.7} 30 (28.3) g (8.5) 0 (0)
B 581 (100) 9(1.5) 80 (13.8) 117 (20.1} 140 (24.1) 189 (32.5) 46 (7.9)
c 1181 (100) 54 {(4.6) - 253 (21.4) 306 (25.9) 259 {21.9) 245 (20.7) 64 (5.4)
D-F and mix , 19 (100) 0 (6} 6 (31.6) -6'(31.6) 4 (21.0) 3(15.8) 0 -
Totai 1887 (100) 65 (3.4) 364 (19.3) 469 (24.9) 433 (23.0) 110 (5.8)
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TABLE 3. Age- and gender- specific distributions of HBV genotype or subgenotype

HBVY genotype and subgenotype

Gender Age (years) Total Aa Ae Ba Bj B (alJ)" c D-F
Male 16-33 687 19 42 54 &5 16 463 8
40-69 684 + 11 g 27 44 191 22 388 3]
Female 16-39 211 3 3 24 24 3 150 4
4{-69 304 3 2 16 B7 15 180 1
Total 16-6% 1887 3 74 138 387 56 1181 18

" Subgenotype could not be determined.
1+ Subgenolype could not be determined in one sampte Aa or Ae.

NAT-positive donors

TABLE 4. HBV genotype or subgenotype of IgM-HBecAb—positive and

sequences of Genotype A spread by
MSM were highly homologous to those

. HBV genotype and subgenatype

of the strains isolated in the United

States. Although it has been reporied

Gender Age {years) Totat Ae Ba B] G E . )

Male 16-39 7601 75 S 3 23 5 that thereis atendency for Genotype Ato
40-69 2441t 3 5 o 14 0 spread among men rather than among

Female 16-39 23 0 0 1 21 1 women,! we could not explain whether
40-69 2 ° -0 0 o2 0 this phenomenon might be related to

Total 16-69 129 28 14 6 80 1 :

MSM.,

* Genolype of one sample could not determined.
1 Subgenolype could not be determined in one sample Aa or Ae.

In addition to Subgenotype Ae, we
have recently found Genotype H in a

The trend toward male-specific infection is clear in
HBV-positive donors who were infected recently. They
are shown as IgM-HBcAb-positive donors {61 donors) and
NAT-positive donors (68 donors) excluding HBcAb-
positive (22 donors; Table 4): Both IgM-HBcAb-and NAT-
positivé donors were predorminantly male except for those
infected with Genotype C.

Although we could not exclude the possibility of
reactivations completely in the case of IgM-HBcAb-
positive donors, miost reactivation cases would be
excluded by the interview with donors whether they had
medical history or not. The male/female ratio of those
infected with Genotype C aged 16 10 38 years is low (2.05:
43/21), and the male/female ratio of those aged 40 to 69
years is high (7.0:14/2; p < 0.05).

DISCUSSION

The rate of HBV-positive donors has declined yearly in

Japan. However, recently, the distribution of Genotvpc
A has increased in blood donors and acute HBV
patients.”7?2 The male/female ratdo of those infected
with Genotype A is different from the ratio of those
infected with other genotypes. Particularly, IgM-HBc— or
NAT-positive donors are restricted to males.

It is supgested that Subgenotype Ae might have been
brought to Japan from the United States by a young male.
‘This roight be supparted by the finding that the HBV Geno-
" type A was predominant among HBV-HIV dually infected
Japanese men who had sex with other men (MSM).'" The
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Japanese HBsAg-negative and NAT-

positive blood donor.® The sequence of
Genortype H, which is prevalent only in the United Statcs
and Central America, was highly homologous to those of
the strains isolated in Los Angeles.

There was no difference in the HBV genotype distri-
bution between first-time donors.and repeat donors as
showm in Table 1. The only difference between first-time
donors and repeat donors was found when the Genotype
A distributions of denors aged 16 to 39 and 40 1o 69 years
were considered {data not shown). The Genotype A ratio
in first-time donors aged 16 to 39 vears was 5.90% (4Q/
£78), whereas that in repeat donors aged 16 10 39 years was
12.27% (27/220; p < 0.01). That ratio in first-time donors
aged 40 to 69 years was 4.2% (28/671) and in repeat donors
aged 40 to 69 years was 3.5% (11/318; not significant).

The result was quite different from our expectation,

. because it was expected that the HBV-positive risk of

first-titne donors would be higher than that of repeat
donors as shown in the case of HCV-positive donors.”
HBV Genotype A-positive young donors might have a
clear understanding of their risks and intend to test
whether they would be infected with BBV or HIV. This
might be suggested when 1gM-HBcAb-positive donors
were considered; the rates of repeat donors/first-lime
donors of Genotypes A, B, and C were 7/6, 4/5, and 17/22,
respectively (data not shown), However, we must
examine the result precisely, because most repeat donors
might-refuse to receive the notification of HBV infection
and donate repeatedly. It might be interesting ta campare

-the length of seroconversion between HBV- and HCV-

positive donors. In any case, to reduce the risk of




postiransfusion HBY infection, we should restrain the
right of refusing to receive the notification of HIV, HCV,
and HBV infections.

The characteristic difference in HBV genotypes distri-
bution between blood donars and patients is in the B/C
genotype ratio. In older blood donors, the ratio of Geno-
type B is markedly higher {p < 0.01). -

The HBV genotypes show a relationship to clinical
severity as well as a distinctive geographical distribu-
tion*? Genotype G is associated with the development
of .cirthosis and hepatocellular carcinoma as well as a
lower response rate to interferon therapy and with a lower
rate of serpconversion from HBeAg to anti-HBe and a
higher HBV DNA level compared with Genotype B* ALT
levels were significantly lower in patients with HBV Geno-
type B than in those with HBV Genotype A, €, or.  Froin
these lines of evidence, donors infected with HBV Geno-
type B would not be aware of the infection and would
donate. Although donors infected with HBY Genotype C
would denate while they are young and asymptomatic,
they would eventually be symptomatic and would not
donate when they reach old age.

These facts might be similar 1o those in the United
States and Western Europe where HBV Genotypes Aand I
are prevalent. Although there ate conflicting reposts con-
cerning the severity of diseases between those infected
with Genotypes A and D, it would be interesting to know
whether the distribution of Genotype A and D would
change depending on age in these countries. Compared
with Genotype D, Genotype A is more prevalent in HBeAg-
positive than in anti-HBe-positive patients?! Although
Genotype‘A may induce rmore severe hepatocytic lesions
than Genotype D,* Genotype A is more sensitive (o inter-
feron than Genotype D.** HBsAg clearance occurred more
often in paticnts with Genotype A than in these with
Genotype D%

In Japan, Genotypes C and B are predominant in
HBV-positive donors. There is a distinctive geographical
distribution in Japan, In the northern part of japan, the
distribution of Genotype B is 44.7% (350/783) and that of
Genotype C is 48.8% (382/783}); however, in the southern
part of Japan, that of Genotype B is 20.9% {231/1104) and
that of Genotype C is 72.4% (799/1104) except for
Okinawa. In Okinawa, the southernmost part of Japan,
that of Genotype B is 74.2% (23/31) and that of Genotype
Cis 22.6% (7/31) (data not shown).

Although now, the age-, gender-, and geograph:c-
specific distributions of HBY genotypes have been deter-

"mined, the specific distribution of the genotypes may
change in the near future. Because the Japanese govern-
ment began a nationwide hepatiis B vaccination program
in January 1986 for infants born to HBV-positive mothers
to prevent perinatal HBV infection, ¥ the vertical infec-
tion from mother to infants would be reduced and the
horizontal infection by sexval contact would be increased.

46
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Therefore, the geographical distribution of HBV geno-
types would change and the distribution of Genotype A
would increase in younger males as shown in Tables 1 .
through 4. To decrease the risk of posttransfusion HBV
infection, we should cantinue (o study the epidemiology
of HBV genotype distributicn.
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Virulent Strain of Hepatitis E Virus
Genotype 3, Japan
Kazuaki Takahashi, Hiroaki Okamoto, Natsumi Abe, Manri Kawakami, Hiroyuki Matsuda,

Satoshi Mochida, Hiroshi Sakugawa, Yoshiki Suginoshita, Seishiro Watanabe, Kazuhide Yamamoto,
Yuzo Miyakawa, and Shunji Mishiro

Hepatitis E virus (HEV) genotype 3, which usually
causes asymptomatic infection in Japan, induced severe
hepatitis in 8 patients. To better understand genetic features
of HEV associated with increased virulence, we determined
the complete or near-complete nucleotide sequences of
HEV from these 8 patients and from 5 swine infected with
genotype 3 strain swJ19. Phylogenetic analysis showed that
the isolates from the 8 patients and the 5 swine grouped
separately from the other genotype 3 isolales to create a
unigue cluster, designated JIO. The human JiO-related vi-
ruses encoded 18 amino acids different from those of the
other HEV genotype 3 strains. One substitution common to
almost all human HEV strains in the JIO cluster was located
in the helicase domain (V239A) and may be associated with
increased virulence. A zoonotic origin of JIO-related viruses
is suspected because the isolates from the 5 swine also
possessed the signature V239A substitution in helicase,

Hepatitis E virus (HEV) infection is relatively com-
mon. Anti-HEV antibodies are found in 10%-~20%
of the general population in Japan and most Asian coun-
tries (/,2); however, only a small fraction of these infec-
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tions induce overt hepatitis. Although the mechanisms

underlying induction of liver damage by HEV have not

been well characierized, HEV genotypes seem fo have "
distinct disease-inducing potential. HEV sequences have

been classified into 4 genotypes (3). Genotype 1 consists

of epidemic strains in developing. countries of Asia and

Africa. Genotype 2 is represented by the prototype se-

quences from an epidemic in Mexico, which have also

recently been detected in Africa. Genotypes 3 and 4 are

distributed worldwide and have been implicated in spo-

radic cases of acute hepatitis E in humans and domestic

pigs. HEV genotypes 3 and 4 are found in Japan, but ful-

minant or severe acute hepatitis develops more frequently .
in persons infecied with genotype 4-(4—6). The severity
of liver disease may therefore be influenced by the HEV
genotype with which the patient is infected as well as host
factors such as age, gender, and pregnancy status.

In 1997, we identified a strain of HEV from a pa-
tient in Japan who had acute hepatitis (desighated JIO)
that clustered with genotype 3 sequences. From 2004
through 2006, JIO-related viruses were isolated from
7 additional patients who had acute or severe hepatitis.
To better understand genetic features of HEV associated -
with severe hepatitis, we compareq the compleie or near-
complete sequence of JIO isolates from these 8 patients
with other well-characterized genotype 3 and 4 isolates.
To determine whether these human genotype 3 sequences
were zoonolic in origin, we sequenced full-length viral
genomes from 5 swine infected with the sw119 strain of
HEV. These 5 anirhals were part of a larger outbreak of
HEV infection that occurred’in swine at a single” farm in -
southern Japan during 2000-2002. The GenBank/EMBL/

:DDBJ accession numbers for nucleotide sequences of

HEV isolates are AB291951-7/AB291960 (for the human .
isolaies) and AB443623-7 (for the swine isglates).

Emerging Infectious Diseases = www.cdc.gov/eid » Vol. 15, No. 5, May 2008 .
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Methods

We earolled 8 patients who were infected with HEV
genotype 3 and had clinical features of hepatitis (Table 1},
A zoonotic source of HEV infection was identified for 3 of
these patients: pig liver for patient 4, pig meat for patient 6,
and wild boar meat for patient 7. Prothrombin time, a sur-
rogate marker of hepatic insufficiency, averaged 63.9% (+
29.1%) of the reference range among the 8 HEV genotype
3~infected patients. Hepatitis was particularly severe in pa-
tients 3, 5, 7, and 8; at the peak of disease, protiwombin
times for these patients ranged from 27% to 46% of the
reference range. These sporadic HEV cases were not clus-
tered geographically; they were distributed across several
regions of Japan, including southern (Okinawa) and north-
ern (Saitama) prefectures (Figure 1). Informed consent was
obtained from all patients after the nature and purpose of
the study was explained to them.

To assess possible zoonotic origins of these human
infections, we sequenced HEV strain swl19 isolates from
5 of 11 swine with previously documented infections (7).
These animals had been raised commercially at a farm in
the southern part of Miyazaki Prefecture where HEV in-
fections were detected during 2000-2002, All animals re-
ceived humane care, and the study was approved by the in-
stitational review committee of Toshiba General Hospital,
Tokyo, Japan. '

To determine whether infections could be linked to a
common genotype 3 virus, we compared the genetic struc-
ture and sequence homology of 8 human and 5 swine HEV
strains. The entire or near-complete nucleotide sequences
of the § JIO strain isolates from the human patients and
the swll9 strain isclates from the 5 swine were deter-
mined by a method reported previously (8,9), with soine
modifications. In brief, nucleic acids were extracted from
serum with the QlAamp MinElute Virus Spin Kit (QlLA-

GEN GmbH, Hilden, Germany). HEV RNA genomes were

reverse transcribed, and cDNA was amplified by PCR with
primers specific for 23 overlapping regions of the HEV
genome, Reverse transcription and first-round PCR were
conducted by using the SuperScript 111 One-Step RT-PCR
System {Invitrogen Corporation, Carlsbad, CA, USA); sec-

[

Virulent Strain of Hepatitis E Virus Genotype 3

-~ :i‘%ﬂiyazaki
_qj;\ (swJ19)

D!)H)'ka

Figure 1. Map of Japan showing prefectures where human cases
of hepatitis E virus have been found. Underlining indicates part of
prefecture name Included in isolate name; yellow indicates cases in
swine; red indicates cases in humans.

ond-round PCR was conducted with the Platinum Tag DNA,
polymerase (Invitrogen). The 3~ and 3'-terminal sequences
were amplified by using the SMART RACE cDNA Ampli-
fication Kit (Clontech Laboratories Inc., Mountain View,
CA, 1JSA) and Oligo (d)20 Primer (Invitrogen), respec-
tively. The sequences enriched in G-C were amplified with
the TaKaRa LA Taq in GC Buffer (TaKaRa Shuzo Co.
Lid., Shiga, Japan). The sequences not amplifiable by the
above PCR methods were subjected to PCR with primers
deduced from adjacent 5° and 3' sequences. The final prod-
ucts were sequenced in the 377 DNA Sequencer with use
of the BigDye Terminator v1.]1 Cycle Sequencing Kit (Ap-
plied Biosystems, Foster City, CA, USA). Genetic analyses
of HEV sequences were conducted by the unweighted pair-

. grouping method with arithmetic means by using computer

software GENTYX-MAC Version 13 (Genetyx Corpora-
tion, Tokyo, Japan).

Table 1. Profiles of 8 patients infected with Hepatifis E virus, JIO strain, Japan®

_ Patient " Month of - Nadir PT, Presumed route of

ng. Age, y/sex_ Residence  disease onset Diagrosis % transmission - Isolate name

1 50m Saitama 1997 Apr Acute hepatitis 100 Unknown JIQ-8ai97L

2 76/MA Tottori 2004 Jan Acute hepatitls 92 Unknown - JYM-TotO4lr

3 63/M Okinawa 2004 May Acute hepatitis 46 Unknown JYU-Oki04L 3

4 THF Okayama . 2004 Dec Acute hepatitis 75 Pig liver 7 J8S-Oka04l

5 65/M Tottori® 2005 Jun Acute severe hepatitis 34 "t Unknown JIY-Tol05L

6 78/M Okinawa 2005 Jul Acute hepatitis 92 Pig meat JSO-0ki0S5L

7 o 63/ Kagawa 2006 Mar Acute hepatitis 451 Wild boar meat JTK-Kag0sC

8 79/ Kyoto 2006 Sep Fulminant hepatitis - 27 Unknown JSW-Kyo-FHOBL .~

*PT, prathrombin time. . - - S~

1Only 1 determination was made. ) . . - .
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Results
The prototypical isolate, JIO-Sai97L, had a genome
Iength of 7,215 nt that contained a 3 untranslated region
(UTR), 3 open reading frames (ORFs), a 3' UTR, and a
poly-A tail. Lengths of HEV genomes from 6 other patients
(JYM-Tot04L, JYU-Oki04L, JSS-OkaQ4L, JIY-TotO5L,
JSO-0ki05L and JSW-Kyo-FHO5L) were identical to that
of JIO-82i97L. An exception was the HEV isolate JTK-
Kag06C from patient 7, which was slightly longer (7.256 nt).
The 5 HEV isolates from swine (swJ19-1, swl19-2, sw]19-5,
swJ19-7, and swi19-8) had genomes of 7,210 nt. The 3 ORFs
of all swine and human HEV genomes had identical protein
cading capacity. HEV isolates from all hwnan patients had
97.9%-98.6% sequence homology with the prototypical
J1I0-8ai97L strain from patient 1. The 5 swine swJ19 isolates
had 98.3%-99.9% sequence homology when compared with
each other and 98.0%-99.8% homology when compaled
with the J10 strain from human patients.
Comparison of nucleotide sequences of the 13 human
and swine HEV isolates in this study with those of pub-
lished HEV genotype 3 sequences showed that the 13 comn-
plete and near-complete sequences described in this study
closely matched those of 2 well-characterized genotype
- 3 viruses: JRAT (89.4%—89.7% nucleotide identity) and
sw)570 (88.9%—89.0% nucleotide identity). The 13 human
and swine genotype 3 isolates displayed weak homology
with other HEV genotypes. The B] isolate of genotype 1
(GenBank accession no. M73218) was only 74.1%-74.7%
similar to these genotype 3 viruses, the M1 isolate of gen-
otype 2 {accession no. M74506) was only 73.6%—74.0%

“similar, and the T isolate of genatype 4 (accéssion no.
AJ272108) was only 75.6%—76.0% similar.

Using the 13 complete or near-complete genomic se-
quences of HEV genotype 3 isolates described in this study
(Figure 2), we constructed a phylogenetic tree. HEV se-
quences from the 8 patients (JTK-Kag06C, JYU-Oki04L.,

J8S-Okal4L., JJO-8ai97L, JSO-0Oki0SL, ISW-Kyo-FHO6L, .

JIY-Tot05L, 3YM-Tot04L) clustered on a branch separate
from the other genotype 3 sequences, forming a distinct
grouping related to the prototypical JYO strain. The swJ19
HEV sequences from the 5 swine (sw]l9-1, sw]19-2,
swl19-7, swl19-5, and swl19-8) clustered closely with
the J1O-related viruses from the human patients, indicating
that the human and swine HEV isolates were highly simi-
" lIar (Figure 2, panel A). Another 18 swine isolates, from
farms other than the | involved in the swJ19 outbreak, were
phylogenetically distinet from those of the outbreak farms
(Figure 2, panel B). )

Another genotype 3 cluster was formed by 6 isolates
from Hyogo Prefecturé in western Japan (Figure 2, panel
A). In this cluster were 5 HEV isolates from persons in

whom hepatitis developed after they ate uncocked deer

meat €70) and from” serum from a Jocal boar and a deer

-
4
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substitutions per s:te ‘boldface indicates isolates from humans.

(11). Unlike the JIO-related viruses, which were broadly
distributed from the most southern to northern Japanese
prefectures, HEV strains responsible for the infections in
Hyogo Prefecture were not commonly found in other parts
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Figure 2. A) Phylogenetic tree (unweighted pair-grouping method -
with arithmetic means) constructed on the complete or near-
complete nucleotide sequences of hepalitis E virus (HEV) genotype
3 isolates. Clustering of nucleotide sequences of 8 human patients
infected with JIO strain of HEV and 5 swine infected with swJ18
strain of HEV is boxed by a solid line. Another clustering of local
genctype 3 isolates from Hyogo Prefecture, Japan, is boxed by a
dotted line. B) Phylogenetic tree (unweighted pair-grouping methad-
with arithmetic means) constructed on a pariial sequence of 412 nt
in open reading frame {ORF) 2 (nt 5994-6405 of the US2 genome)
of HEV genotype 3. Partial nuclectide sequences of 8 human JIO
and 11 swine HEV swJl9 isolates (accession nos. AB094279-
AB094289) are shown (shading). Analyses of full sequences of
5 of these 11-swine isolates were performed (swJ18-1, swl19-2,
swJ18-5, swJ18-7, and swJ19-8). Scale bars indicate ;nucleohde
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of the country. Broad distribution of the JIO-related viruses

seems to be unique in HEV epidemiology. In 2 (25%} of

these 8 patients, pig liver or meat had been implicated in
HEV infection.

Comparison of the 13 JIO-related viruses (Figure 2,
panel A) with the other genotype 3 strains also showed 18
aa differences: 12 in ORFI, 3 in ORF2, and 3 in ORF3
(Table 2). Three mutations in the HO strain were character-
istic of genotype 4 viruses, which are typically more patho-
genic than other HEV genotypes. ORF] differences were
found at amino acids 605 (serine to proline, S605P), 978
(isoleucine to valine, 1978V), and 1213 (valine to alanine,
V1213A). The V1213 A substitution is potentially most rel-
evant because it was not found in the prototypical isolate
from patient 1 (J10), who had mild ¢linical disease when
infected in 1997, but was present in highly related isolates
from the other 7 patients who had more severe hepatitis dur-
ing 2004-2006. V1213A in ORF1 corresponds to V239A
of the helicase domain, and its surrounding sequences were
well conserved in HEV isolates of genotypes 3 and 4 (on-
tine Appendix Figure, available from www.cde.gov/EID/
content/15/5/704-appF.htm). Because V239A is common
in genotype 4 isolates, we analyzed genomes of the geno-
type 3 JIO-related viruses for evidence of intergenotypic
recombination. Comparison of 28 genotype 4 sequences
with those of the JIQ-related isolates showed no obvious
signs of recombination (data not shown), which suggests

Virulent Strain of Hepatitis E Virus Genotype 3

that the V293 A substitution arose independently in this ge-
netically unique cluster of genotype 3 viruses. Notabiy, ail
5 isolates recovered from swine on the Miyazaki Prefec-
ture farm during the outbreak of ‘7000—2002 possessed the
V239A substitution.

Discussion

Circumstantial evidence indicates that HEV geno-
type influences the severity of liver disease. Remarkably,
HEV seroprevalence studies in Egypt found no clinical ili-
ness in any person, including pregnant women, although
most (67.7%-84.3%) had been exposed to HEV genotype
3 (/3,14). In contrast, results of a survey of 254 patients
with HEV infection in Japan showed hepatitis associated
with genotype 4 to be more severe than that associated with
genotype 3 (4). Our results showed a clustering of § HEV
isolates of J1O strain, genotype 3, recovered from patients
with clinical hepatitis. '

Despite the high disease-inducing activity of the HEV
JIO strain, the 8 patients infected with this strain were
distributed widely over Japan. This distribution is at odds
with a local cluster of genotype 3 infections restricted Lo
persons with hepatitis and to wild animhals living in Hyogo
Prefecture, Japan (Figure 2, panel A) (/1). Wide regional
distribution has also been reported for some HEV geno-
type 4 isolates (75). Why JIO strains cansed more severe
hepatitis than might be expected for a genotype 3 virus is

Table 2. Amino acid residues in 8 human and 5 swine hepalitis E virus isolates compared with those in the other genotype 3 isolates™

Amino acid  Conserved in Human no.

Swine ng. Conserved in

positiont © genotype 3

(3]
E-N

1 5

e

[+

-
o
ol

1
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3

i

genotype 4

ORF1
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598
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721
807
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1246
1469
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*Eighteen amino acids of 8 human isolales (JIO strain) and 5 swine isolates {swJ19 strain) not shared by other genotype 3 isolates. The 3 at posmuns
605, 978, and 1213 (boid!ace) wers the same as the carresponding residues in genotype 4 isalates.

tcorresponds to the position in hepatitis E virus (HEV)-US2 (GenBank/EMBL/IDDBJ accessian no, AFOEDGSQ) (12).

FV1213A in the open reading frame (ORF) 1 polyprotein corresponds to V239A-n the HEV-US2 genotype 3 isalzte helicase domain within ORF1 (online
Appendix Figure, available from www, cdc govalD!contentﬁ5!5!704-appF him)

-
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not clear, but the reason may depend on the magnitude of
virus replication. Alternatively, recombination between di-
vergent HEV strains (76) may have played a role. This pos-
‘sibility prompted us to Jook for any recombination of JIO
strains with genotype 4 strains that cause severe hepatitis
in Japan. However, we found no evidence of recombina-
- tion between the JIO strain of genotype 3 HEV with 'which
the 8§ persons were infected and 28 isolates of genotype 4
retrieved from the public and our own databases. The 1§ aa
substitutions were unique to the 8 human J1O and 5 swine
swl9 isolates and not present in other genotype 3 viruses.
Three differences in ORF1 (S605P, 1978V, and V1213A)
were commaon in wild type genotype 4 but not in genotype
3 isolates (Table 2). Because S605P and 1978V are located
in an ORF1 region that has high sequence divergence, they
are unlikely 1o be responsible for an enhanced disease-
inducing capacity. In conirast, Vi213A changes at amino
acid 232 of helicase, an enzyme capable of enhancing the.
efliciency of viral replication (/7), were detected in 7 of the
8 patients (online Appendix Figure). Indeed, the helicase
region of the prototypical JIO-5ai97L isolated in 1997 did
not contain this amino acid polymorphism. Remarkably,
all 5 swine jsolates recovered in Miyazaki Prefecture dur-
ing 2000-2002 belonged to the JIO strain and possessed
V1213A (helV239A). Taken together, the evidence strong-
Iy suggests a zoonotic origin for the 8 human HEY infec-
tions with JIO-related viruses.

Experimental and circumstantial evidence suggests
that hef/V239A may have enhanced the helicase activity of
the genatype 3 JIQ strain to levels comparable with those
of the more pathogenic genotype 4 viruses. However, the
role of AelV239A jn enhancing helicase activity should be
evaluated in vitro in future studies; its role in inducing hep-
atitis is vet to be confirmed. In addition, the effect of other
mutations of J1O strains need to be fully explored before a
conclusion can be drawn regarding the hepauus-mducmg
* capacities of this strain of HEV,

Findings from this sludy have public health implica-
tions. Because farm swine constitite a melting pot for gen-
erating various HEV mutants, at least in Japan where virfu-
ally all swine become infecied with HEV within 4 monihs
of birth, it is conceivable that virulent HEV mutani(s) arise
on pig farms. Such occurrence has been described for in-
fluenza, for which point motations are associated with in-
creased virulence (I18,19); for example, mutant influenza
viruses that arose on chicken farms in Hong Kong in 1997
were transmitted to humans and had fatal consequences
(20,27). Tn addition, although a vaccine against HEV has
recently been developed (22), a vaccination strategy for
humans and animals has yet to be defined. The results of

our study indicate that selective vaccination of farm swine,

bearing HEV isolates of high virulence, such as those of the
J10 strain in Miyazaki Prefecture, shoitld be recommended
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to decrease the incidence of fulminant or severe acute hepa-
titis E in Japan and elsewhere in the world.
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