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Shuzo). A sequence spanning 821 nt in the RNA-dependent
RNA polymerase region (corresponding to nt 39614781 of
the prototype Burmese HEV strain; GenBank accession no.
M?73218), including the GDD motif, was amplified by PCR
in three overlapping regions with 20-mer primers deduced
from known HEV sequences. Reverse transcription was
performed at 50 °C for 60 min with the Thermo-Script RT
system (Invitrogen), and the first- and second-round PCRs
were carried out in the presence of Platinum Tag DNA
Polymerase High Fidelity (Invitrogen). The final products
were sequenced in an ABI 377 DNA sequencer (PE Bio-
systems} with an ABI Prism BigDye kit (Applied Biosystems}.
The sequences determined were utilized to confirm HEV
genotypes and to construct phylogenetic trees. The reli-
ability of the phylogenetic tree was assessed by bootstrap-
resampling tests,

A reconstructed tree was built on the RNA polymerase
region by using a heuristic maximum-likelihood (ML)
topology search with stepwise addition and nearest
neighbour-interchange algorithms. Tree likelihood scores
were calculated by using the HKY85 model (Hasegawa et al,
1985) with the molecular clock enforced, using PAUP version
4.0b8. Using the estimated topology, all possible reot posi-
tions were evaluated under a single-rate dated-tips (SRDT)
model with the computer software TipDate v1.2 and the
rootthat yielded the highest likelihood was adopted (Rambaut,
2000). The program provided an ML estimate of the rate and
also the associated date of the most recent common ancestor
of the sequences, using a model that assumed a constant rate
of nucleotide substitution. The molecular clock was tested
by a likelihood-ratio test between the SRDT model and a
general unconstrained branch-length model [different-rate
(DR) model].

For estimates of demographic history, a non-parametric
function N(#), also known as a skyline plot, was obtained by
transforming the coalescent intervals of an observed genea-
logy into a piecewise plot that represented an effective
population size through time (Pybus et al, 2001; Pybus &
Rambaut, 2002}. A parametric ML was estimated by several
models with the computer software GENIE v3.5 to build a
statistical framework for inferring the demographic history
of a population on phylogenies reconstructed from sampled
DNA. sequences (Pybus & Rambaut, 2002). This model
assumes a continuous epidemic process in which the viral
transmission parameters remain constant through time.
Model fitting was evaluated by likelthood-ratio tests of the
parametric ML estimates (Lemey et al., 2003; Pybus ez al,
2003; Tanaka et al, 2005). Approximate 95% confidence
intervals for the parameters were estimated by using the
likelihood-ratio test statistics.

A phylogenetic tree in the partial RNA polymerase region of
the HEV genome is represented in Fig. 1. A functional gene,
such as the RNA polymerase gene, is suitable for molecular-
evolutionary analyses based on the neutral theory, because
the substitution of functional genes is based on the neutral

showed a significant cluster with 2 high bootstrap value,
which was the major Japanese cluster distinct from other
strains found in foreign countries by molecular-evolutionary
analyses. Such a significant cluster is suitable for the
following coalescent analysis. Additionally, the tree topology
based on the RNA polymerase region, including functional
genes, was guite similar to that based on complete genomes
{data not shown).

To determine the evolutionary rate of HEV, the 48 Japan-
indigenous HEV strains (Fig. 1) were subjected to further
molecular-evolutionary analyses, The molecular-evolutionary
rate was estimated by two independent methods. In brief,
linear-regression analyses using highly similar strains, i.e. six
genotype 3 strains in Hyogo and four genotype 4 strains i
Sapporo, indicated that a molecular-evolutionary rate was
(0-81-0-88) x 10”2 nudeotide substitutions per site per year
(Fig. 2). Second, TipDate (v1.2) was used to compare the
DR model with the single-rate (SR) and SRDT models. The
SRDT model provided an adequate fit to the data (P> 0-05;
see Supplementary Table S1, avajlablein JGV Online). Based
on the SRDT model, the mean rate of nucleotide substitu-
tions was estimated to be (0-81-0-94) x 10”2 nucleotide
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Fig. 2. Linear-regression analyses within the pariial RNA poly-
merase region for evolutionary rate of HEV. (a) The evolutionary
rate of genotype 3 in the Hyogo cluster is estimated to be
0-88 x 10™ nuciectide substilutions per site per year; (b) the
evolutionary rate of genotype 4 in the Sapporo cluster is
estimated to be 0-B1x 107 nucleotide subsiitutions per site
per year.
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substitutions per site per year, which was similar fo the rate

for Hepatitis C virus (Ina et al., 1994; Tanaka et al,, 2002).
When we used 0-84 x 10~ nuclectide substitutions per site
peryear, which was based on all 43 sequences (24 genotype 3
and 24 genotype 4}, the time of the most recent common
ancestot of Japan-indigenous genotype 3 was estimated to
be in the 1900s (95 % confidence interval, 1902-1917) and
that of genotype 4 was approximately in the 1880s (1881
1898) (Fig. 1).

Based on the phylogenetic tree, the effective number of HEV
infections through time, N{#), was analysed by using a
skyline plot for the Japan-indigenous HEV strains. The
parameters for several models in GENIE v3.5 were examined
{see Supplementary Table S2, available in JGV Online).
Titne twas then transformed to year by using the constant
rate (0-84 x 1072 nudleotide substitutions per site per year),
assuming the collecting time to be the present. Fig. 3 shows
the skyline plots and population growth for the HEV strains,
according to a specific demographic model in GENIE v3.5
-with three parameters and a piecewise-expansion growth
model, which was evaluated by likelihood-ratio testing {Ina
et al, 1994; Lemey et al., 2003; Pybus et al., 2003; Tanaka
et al, 2005). Qur estimates of the effective numbers of
HEV infections showed a transition from constant size to
exponential growth in the 1920s (95 % confidence interval,
1916-1930) among the genotype 3 population (Fig. 3a),
whereas the rapid exponential growth among the genotype 4
population was dated in the 1980s (1978-1990} (Fig. 3b).

Because the natural course of HEV infection in human
beings and animals is usually transient, not persistent as in
the cases of hepatitis B and C viruses, it is almost impossible
to estimate the molecular-evolutionary rate of HEV by using
serial samples from an individual host. However, even
though HEV does not persist in individual hosts, it could
persist in the community by hopping from host to host
successively, The first study attempting to estimate the
number of synonymous mutations per synonymous site (k;)
of Hepatitis A virus (HAV) was reported by Sinchez ef al
(2003). The estimated k, values from HAV strains isolated
from a clam-associated outbreak varied from 0-038 for VPO
to 0-29 for VP1. Similarly, we estimated the evolutionary
rate of HEV by using Japan-indigenous genotype 3 and
genotype 4 strains isolated over time. The rate was esti-
mated to be approximately 08 x 10~ nucleotide substitu-
tions per site per year by two independent methods, which
was around half of our previously estimated rate (Takahashi
et al, 2004b). One of the reasons is that the molecular-
evolutionary rate would depend on estimated genes; the
previous report (Takahashi et al, 2004b} used complete
sequences, whereas this study used only RNA polymerase
sequences. Another reason is that the previous extrapolation
of substitution rate on pairwise (direct) comparisons can
give overestimates of the molecular clock and hence diver-
gent times of HEV species, as reported previously (Ina et al,,
1994). Based on the molecular clock, we traced the demo-
graphic history of HEV in Japan and the indigenization time

was suggested to be similar (approx. 1900), but the spread
time was quite different, between HEV genotypes 3 and 4
(1920s versus 1980s). Interestingly, in addition, the evolu-
tionary growth of genotype 3 has been quite slow since the
1920s, whereas genotype 4 strains have spread rapidly in
Sapporo since the 1980s.

Zoonosis has been implicated in HEV transmission. The
first animal strain of HEV to be isolated and characterized
was a swine HEV from a pig in the USA in 1997 (Meng et al,
1997). Since then, many swine HEV strains, which exhibit
extensive genetic heterogeneity, have been identified world-
wide and shown to be genetically related closely to strains
of human HEV (Chandler et al., 1999; Hsieh et al., 1999;
Huang et al, 2002; Okamoto et al, 2001; Wang et al., 2002).
Recent findings suggested an interspecies HEV transmission
between boar and deer in their wild life (Takahashi et al,,
2004a) and that both animals might serve as an infection
source for human beings, More recently, wild mongoose was
newly added to the list of HEV-reservoir animals in Japan
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Fig. 3. ML estimates of N(f) on the effective number of (a)
HEV genotype 3 and (b} HEV genotype 4 infections in Japan.
The parametric model is indicated by the black line and step-
wise plots by the grey line, which represenis corresponding
non-parametric eslimates of N(#) (number as a function of fime).
Genetic distances have been transformed into a time scale of
years by using estimates of the molecular clock in the partial
RNA polymerase region of HEV.
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(Nakamura et al, 2006). Notwithstanding the importance of
these wild animals, pigs for food must be the major reser-
voirs of HEV: a recent Japanese study indicated that anti-
HEYV antibodies were detected in 1448 (58 %) of 2500 pigs
from 2 to 6 months of age at 25 commercial swine farms in
Japan (Takahashi et al,, 2003). The importance of transmis-
ston of HEV from pigs to humans was further supported by
a recent field study in Indonesia: Muslim people, for whom
it is a taboo to eat or contact pigs, were significantly less
frequently positive for anti-HEV than Hindu people (2:0 vs
20 %) (Surya et al., 2005).

Our molecular-evolutionary analyses suggested that HEV
entered Japan around 1900. If we have traced the origin of
Japan-indigenous HEV correcily back to about 100 years
ago, what happened at that time in relevance to HEV's
indigenization? Several kinds of Yorkshire pig were

imported for the first time in the history of Japan from

the UK in 1900, by the Japanese government’s policy to
introduce excellent domestic animals for food in Western
countries to Japan, as a measure to nutritionally strengthen
the people (especially soldiers) of this formerly vegetarian
country. Since then, the Yorkshire pigs have been pro-
pagated in Japan and, in the 1930s, thousands of pigs were
reported all over Japan (http://okayama.lin.go.jp/history/
2-3-1-2.htm), suggesting that the domestic spread of HEV
might have been associated with the popularization of pigs
for food in Japan, Indeed, a previous phylogenetic analysis
of a 304 bp nucleotide sequence (ORF2} obtained from the
two UK swine strains showed a close relationship with
Japanese swine strains in genotype 3 {Banks ef al,, 2004),
indicating that Japanese genotype 3 may have been imported
from the UK. On the other hand, Japanese genotype 4 strains
were related phylogenetically to Asian strains in Taiwan and
China. As the HEV found in wild boars living in the Iriomote
Island, near Taiwan, was of genotype 4 (unpublished results),
the source of Japanese genotype 4 might be from Taiwan or
the mainland of China. Note that a phylogenetic analysis
showed that the Japanese swine and human HEV strains
segregated into four clusters [three genotype 3 clusters (one
major Japanese and two minor clusters} and one genotype 4
cluster], with the highest nucleotide identity being 94-4—
100% between swine and human strains in each cluster
{Takahashi ef al., 2003), suggesting that swine have served as
one of the most important reservoirs for HEV to be trans-
mitted to humans. The possible risk factor for transmission
of HEV was to have eaten uncooked or undercooked pig
liver andfor intestine 1-2 months before the onset of
hepatitis E in Hokkaide, Japan (Mizuo ef al, 2005), Such
eating habits, which are particularly unique to those living in
Hokkaido (Sapporo is one of the big cities there) in recent
decades, might be one of the reasons that HEV has been
widespread in this area since 1990, as supported by our
molecular-evelutionary analyses in this study.

In conclusion, based on our present data, the indigenization
and domestic spread of HEV in Japan are proposed to have
been associated with the importation and popularization of

pigs for food in Japan. However, there still remains a possi-
bility of different scenarios. Another animal(s) might have
carried the virus to japan: for example, mongoose was.
imported from India to Japan in 1910 (Nekamura et al,
2006).
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(76.9%)/52 1 (776%), HCV RNA ffiit 1341(100%)/
63 61(94.2%), HIV RNA I 5 $1(385%) /27 #1 (40.3%),
GBV-CRNA i 4 81 (444%) /1271 (308%) TH Y,
ChbidwThd HEV IERES & BiEfl L o T2
BRI,
(ER[EZOFRTIEEAOLDFIZBIT 5 HEV
FEOEHEEC 37%, BEMBE T 4% 2 HESRT
VA FEOHFTRIALO S V—T L) b MR
DY RTHFESNLEZ SRANAHRELE BT 163%
LY BUBEEINES LN, MEREESTH) 5 HEV
DL EENTS SN, —F, HEV JiiERE
gl b 4 VAT —H—OBEEBICIEERS
Mo fo i, HEV UERER Camy S { LA
12 & % HEV (ZIBORE 2 RiE T 2 keS8 2 b,
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B OBR .
ANBIEE, FRAESH B B AAERT
R, GRET, SHREN, BREE,
wE _
BEERASELEAH - FRAR. EZrEN: 8
8 HHESERE

bHEO BN, LOHF 125172 Huy &

(Bl EMEE® HEV #ic X 2 2iFssiB sn §
Twa, BEESEElgattorERcElTomein §
HEHL TV EREREOLERITY, 2001 £0% §
ERATCEEMERMFRRENRS. %, HEV-RNA B
OMEFERT L, RETHEBOS 6 E RMER:
MR E ARG S, T2T, £BKINIEBHER
N7z % 3R 12, I HEV-RNA QREICMT 2% |
BLHLPCTHENCT v — MEELEEL, £ §
H5E L BEOH - HERCIHEEIE+ENL T HEV §
-RNA ®BEL:. ' !
[ & aeak] (1) BERTSE, LOHF T A M R Bids
BT hWEROL®ET, 2001 £50% G4/108),
2002 45 54% (69/127), 2003 4E 50% (47/94) Tho |
7= ZnbEROHT, g HEV-RNA BHlE & hT
Wimomik, 2001 4£ 2% (1/54), 2002 4F 17% (12/69),
2003 45 28% (13/47) Ch Y, BHTH oD 2001 |
£ 140, 20024 2 B3 FIT, b ibiEEdr o0
BHENTH o [gM-HEV ORIED S5 &, 2003
Fid 4 N AREOE LA THEWERO 40% (19/47)
T HEV 1209 28Tl S ot vwizds, Biksliasd
B Lot (2) BIENLIEE 2001-2002 E0ER ¥
WEF47 B (38%), 20035 204 (62%) CHNLSh ¥
7=. o6 @3 5, HEV-RNA i3 2001 Eiclbigds o
Bhr s hi-BER% | Bt Ch ol B LA HEV
PRl genotype IV €, & REEENTHT L2 L5,
%6 & AENCIciEE TRIE L - B R £ EERERS
B S hi-tk & 996% OHERESBRD b,
(& L &3] BERE, LOAF RS T, HEV
CRTARIFERLDDH 2, EEERLILEE
PRLBEFEL OGNS, 7, REMFDSHBHES
i HEV MBI i@ h 25 ChH A TEENSH Y,
ZOIEBICOWTELR ARFHFLETH 5.
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PIHUERSREE 2-
B : HS 15
ERESR TIREE Rngse
kR,
BARE - WEH B—BWAFH MERRSOR S %
- - 2006 465 A 15 B B L BEMELBR
—BREH | ANT RO NEE
SRE HFERED SESINECES
gy |NTPYBEME-ISPRRRR) BERB 2006;52(2):231 EES
<H®N> : -
ARG HEY BSOS < . RUBRAS 2 fRELTH0, HEV BBUKESA5NTIE, £0T, RUKCBOCHENRNIR | oL LR AR -
ﬁggg EEV BRI £8INT 5 & &bz, HEVNAT A7 Y—=2 /£l MBOuHEs HEV BROREEHEL L, TOMBEHRE

W' O ok MW

BIRCNARE © 2004 4 11 A~2005 4 9 A ICHPA TG L 7= S8InE# 27 AA

ATV —Z R 1 2005 £E 1~9 BICHEATEL L = efkinEis 22 FA

HE> .

Fnﬁ%;f}i. BROIBHIC (3 4 H DUAIZHR, BE. 3. 53 WIREIEISTHOER. £LN—2&~Veh| O HEV SR 2R . BR4HN%IC HEV NAT
EEML .,

HEV NAT A& U F, BiTAZ Y —= > F NAT SREERRE (2070 2RFWTHL,. HEV NAT BEAIZ DLW TSN T HEY
FWAFRE, BHEVRNA &, #EFENET o7, . BAEHE2AT T2 BN TRERICAT ST »r— VaEEET o

<HER> :

HEV ERTHEL0E 766 4 (0.3%) T TORO 145 (0.1%) i HEV RNA A0 5hi.

HEVNAT A7 U —Z > FBHE#IE 20 Z(HE 13 4.2 7 4. HEV BZ2EUE 1A220) T.BERIE 1/11,090(84 110,180, &1 1/12,778)
THolz, BHESEOE L ALT ERES T HEVHERBE Tho 7. '

i &4 i S niz HEV ORI 3R 194, AR 1FATHo%. HEVEABRKZIE LEdh o LBHEE I AICEBERWEbELZLEIS, 14
i 13 MASR M AT BN & LT e, Bl 4 Fi SR i MRESROICER SR, 1 RIRMERRDRILL TE Bfk®
T, 1Ak, 2 AR RO ERRBTREELE.

<EBE>

W MO ME O AEV RNA [BHE5IE T80, FiE < REEER- ok A s U— = /13 HEV RNA BEE OBRICRAHTRRNWEER &
Nies EA B, HEVNAT A7 ) -2 Fic k2 REABOBESSIELEZ BN,

HESCEORR SEHEONRE

FREN OB NEOHEY RNABERE FEM EICE <. REEmgeiEi s U —— Y FHHEV RNAF%T@%EEEHL%PI =¥}
BTN EELShE T ENE, HEVNATAS U—Z 7&K %&ﬁﬁiﬁwﬁﬁﬁfd‘iﬁ EHALND EORE THDe
B —ER T HEVRA LEE LT, EMCEEFNIANRELETZANAN) T3 YEBRER D, SHOME
TEIZBNTTHEAEL - kEINBEFATN D,

AREREFHOEE
HiEgr S AN
EEILSOT, HRO
BRI LSRN,

2. BELREFNEE

(1) 27D 7 SIS O T
2T, HBsHiE, ¥ HCV ik, B
HIV-1 ik, P HIV-2 $TiE. 8 HTLV-
1 FiikiEME T, D ALT(GPTHE T A &
Yo Y EEELTNS, BT, F—
I UleBBimiE T o wnwTid, HIv-,
HBV BT HCV IToWUEBIERE
NATYEHEEL . & Lzl Amo
HUSIZEAL ThSEA., M3 NAT OB
HEAUTOOAINLABEBALTLS
AREHERN B EET B, EHE BLED
RECHES LU -mEEEREL T,
Cohn OIERTF 7 —NHETEEES
MO ANT ROV R BEL
HEITH D, I NATEL - BEEE
LT, BETRIZBWT 60T. 10
B R OO HRAR N N E T NSRS B (-
224N —2a3l)BEL TS A
BECELTH, RositoEES S
halP 8
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Multiple hit model & f\> /- NI/ FEEGORIE

BERE : FREkSD - BHEAER", NBLFELERISHEEREREED
BEEE", LA, NMEA", BRE BY, mBmEY, x5 F
TEL : 024-547-1536 FAX.: 0245493126 E-mail : btkanno®fmuacip

U2 o] m/Essl o sesEEiT~n vitro DRBEPTTE ATIMEN EDREEFT 20 E
vy inviveo BERVERPER V. FOLDITR VMR RESA TR CER LS L E4A~ElL, 70O
EENTOWNEEYFRTILEND 2. STRE —AF w7 & LT AuBuchon & H VT3
(Transfusion, 2005, 45, 1143—1150) multipte hitTnodels X 2 MMRIBEROFHE B = 2o 70
(FE] BEAKRT ¥ 74 THE 22252 2URNIE ESCHEMMEL ME LR, & OIUMRINn
A& VEICT, ERT 2058 incupate TAZ EIZL o TN & T7Y Y7 LiE 0uCi 2 BBE~ED
(EMLAL OB L6 73 FoEa L, 08BICERL, » sl 2HELE BohiF—7
% COST & kN3 70 2% A~AH L, multiple hit mode TI/MED %recove survival time % 5%
L7
[BR] %537 %Recovery BEFREIEL 1% THote. 7 survival time i 125, 179h00rCH o 7.
(% L&) S5H, multiple hit model ic £ 2 in vivo TOMMEBETFELITS DB TER. 58, SRIE
O, RAMRFMAARO B 1T . ‘

e 0-10 EEEEIZB T RTHIHEY 7—JIVNAT X7 U —~Z > TDEK

LEERT TR e Y 5 —RER", B RRT-Ehi R A
BHEDY, HEFR, SRERR, HeETY, ERE-EY, MERE RBEARS, S£%EE"
TEL : 011.613-6634 FAX : 0116136221 E-mail : kmatsu@hakkaidobejreorjp

(B ItEE: HEV BEENE ¢, BILREpb 2B LT, HEVRBHRK L ELLNTVE, £
T, FHECS W THARZN M HEV BEMB BN+ 2 2312, HEVNAT A2 U —=> 7
PEML, MSoFENEE: HEV BRoEBERE L~

[H&] MZHSREIE 200448 11 F~2005 4 9 ACERTHID L Z-£BiE (27 FE) © AzU—=>
FERFIZ 20054 1 F~9 BCEATEOLL -£B0E (922 F548) THa, ,
[HFEIMZERMNESCT3 > BUPICE B, B 5V REDENTHOLR, &1 —3 &~ (HEY
B2 EML, SSmMErow T HEVNAT # 5L HEVNAT A2 W —o v 7, BfTAZ U —
=¥ ¥ NAT EREAEE (2047 —) #HWT, Qiagen BioRohot 9604 CHEHBZTT, UT VT4
A RT-PCR Bz k hiaaF 7. HEVRNA BHMIZoW T HEV FifkflE. HEVRNA £, BETRF
T of 37 ERSBREEETIENCEERCINMT AT V45— MREE TR

[R] HEVHEZ T 765 4 (02%) 8B L, 203514 (01%) - HEVRNA #8H bhl:. HEV
NAT R & —= v PipiEid 20 2 (8 134, 74, HEV MS5% L 25 &0) ¢, B 1/11000
(B 1710180, &TH: 1/12778) Lizod=. BiEEOS (it ALT EHER T HEV itk cd 7. B
A5 shi HEV OBEFEEIE 194, 4B 15Ch-7. HEVHZKEY Lah - ABEF L
FUCHERAbE L o5, 145513 Z05R0T T SWARRE R L T, Bk 4 5 RAmEane
MAIRSSAFIAER IR 3 5, 1 BEBIMTEESET LT EEIF4E5EL, 1 &RREE, 2 5 BEsRE
AOFEFRBCRTLAE _
[EELEERIC B 2 BRMED HEV RNA BRI FEMEICS <, BERMSSHRER 7 ) —=> 1
HEYV RNA BUZOMRICHDTIIAWEEE bR Eps, HEVNAT A2 Y —= ¥ 72k 2 EHH
DEEFRELEZORE, ‘






