#£1 ENSAMWEEITEHNCGEFEMKEE AR -
fEH 1 FE 2 fEBI3 FiE 5l 4 SERIS5 JEB 6
5 - Ffin () B .61 B - - 65 1r - 59 . 54 B -65
T EIEERE %m 3 SV FERN L3 FiF =%
HEIEIE '
HETIEHURE (1L piid Fid g piiz £ e
FHEKIER (37 A LK) i i o i3 i i
D HEFEYWRIL(3 A B LA iz ELc 2 il 4iE i
ghiy & D|EG A A LA fis Fi3 g2 1 piz E
A O PFIIR I i H H i H
ERERAER
(> 38T) E Fiz i Ei2 H Eiic
E IR " H Fiz pii3 1 H
EHERRK <] <] E<) H 4 iz
THRIEAR iz " £ i3 H i
R - TS - BT H H iz H fE i
FHERE 1993 1995 2001 2002 2004 2004
37 SR BIRERT  BIREFA ERUNAE #HaMERR SHEFR | SEFE
ERER (HEV + %))
TBil (mg/dl) 23.5 35.0 36.0 28.1 6.4 30.4
AST (IU/L) 184 2,276 1,965 1,458 2,380 1,548
ALT (IU/L) 572 2,256 2,153 819 692 1,483
PT (%) 6 13 . 9 24 38 79
HEV genotype v 1 I I T 111
L LA T ®T £ 4 TE YA
MEEE ZEIERT DLST B4 A AR
FHIRAH 0 FEMREE,
DIC

Mo fEdx DA Tid, A O HE (1998
) L0 L 66D BT, B AESMER
DRBE-EN/ELTEY, EEFRIEN
B TH5E, Yazaki HOOEHE L /2260F, W
FhbPREBEORMEG4E, 585) T, &
nERAEEE L OEARHOEBTREEL
TWVWaY, BEFHEIVWTFRLVETH-
72, % 5|2, Ohnishi & ™3 26 0 EE &l i
A EHEL TwaD5, 1FHIMEDOKR

1993~2004.9 £ T

SMIIEF 7 AN L ABIES B L/ ERY
SMFLO 1225, B wBILEMES
D) ERHEL TWw DL, EEMKIIDWTIE
HEVZ D b DIZRET 500, &5 \viddE
e EOMOBERRPLEHENSESLTVHD
ﬁ)i%%fj‘ v, VL, Mizuo 5213 dbif
B TREBR L CEEERFROBRG L E
fEFRIE S L, BETRVENZTANI N
TME T VAT IF—EDOE— 7 EFEE

ﬁ,%@l@imm@%@f%h WY B, —F, Turo s EREPD®
FEaWHOZEY f_cb%ttfu B (Lo V-7 EIZEEICERN EFREL, ErF
O1FNTEEFBERICEDE). EFEE BlOBEWOITADOEFEZEIZEART A a2
FNFENLIH VERTH-72 T/, =H HEL TS

AFHEEE 51415 - 2005647 H 63
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FEAE1H A AT L BRI, EAERR,

SNMC

Gabexate
mesilate

BEBA A

= 3
= >
=~ E
E W\W @
e =
108ﬁHE§\L Y
< 80 {‘g.“é/ © anti-HEVIgG S y =30 Emgm
X 60 20 T
P 40 '\,/r\u e — 10 E=
o o PT 0 & a
0 0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 (days)
R2 EFI4 (595%, it SR ERES
LIRS, ERMEIFEEICERFRE &0 L 1U/1, ALT 8191U/! & EEDOFIE & FFHRE(H
HRELL 72 VEBI % 7R 7 BELZRD, PTIH4AO% EET LTV &
EFZ595, LM (RIDIEML) T, 2 YA VAT— 75 —Tit, HBVOREERY: %
WEEREE T /R L7z, BEREIZ46mEDOB AT RBIOCTIVEEUMZIEERR %

RIS R, SSmEFOEME*EHI T
Wh, EBNEOLR, BEKOEBERND Y

WEIHAMLETH /2208, s L0
ARSI R S N o /o, YME
BEVEZ <, B & oRzhl, SOEEE, SRR
eiro 7z FHL144E (20024E) 1A 15 HIZH
HMERTEREEY TV, FETRE S
TR, HAHEMA, BRAO3EET3E
MR L, 2A8HIZb AR CHREENAEY
21, REAX2HEARLA. BRI 2H
R, AR RBRTBEHEL TV
ME 2A12HICRRERELBEL, 2713
HIGEE 223, WRLT, #E, MRS
RO BRE AR E e o7 ARTkE
A& pr B B, TBil 152mg/dl, AST 1,458

64 INIIEY 3

ol ZHEEHODLSTTIE, HE
SERAI L BIBRS G R L2 (R2). AR
S, FFIEEEA G A A I/ 77—V C:
SNMC), ¥t &t & # 1% (Gabexate mesilate,

AT-), ZFVvhTr—a 22 (G #E
%, A7uAa F(mPSL)#E&E% T L, MmiE
I UAT I HEIIET LA, EEAS
BIELIOT VY, &9 ONRE R

L7z, L2aL, PTOETHEmE, BAoE
EARM & O /-0, A (PE) & M

i BEAT (CHF) % 3 HRAGHT Lo 20k
BAITld o 2B L, % 161K H 2R
B L7 ABEBHRAE IS S & OFRIS % REE
MiEDHEVERETIZ & b 40 B B HEV-RNA
MERL, BETHRNETH -7 ERE

51 %1% - 200547 A
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£ ABERRILIE IR AR (EBI4)

Hematology BUN 10.5 mg/dl anti- HBc 99.9 %

WBC 5200 /ul CRNN 0.7 mg/dl anti- HBc X 200 19.6 %
Neutrophil 64.1 % Na 139 mEq/! HBV (realtimePCR)
Lymphocyte 22.0 % K 3.9 mEq/! < 2.0 % 102 COPY/mL
Monocyte 9.4 % Cl 107 mEq/! anti-HCV 0.2 C.O.L
Eosinophil 0.5 % EBV.VCAIgM <x10
Basophil 0.2 % Coagulation tests EBVVCAIgG x320

RBC 420 x 104 u ! APTT 29.6 sec EBV.EBNA x 40

Hb 135 g/di PT 13.9 sec CMV IgM <% 10

PLT 19.7 x 10/ u !l 49 % CMV IgG X 40

HPT 42.1 % sOVERBISIgM 0.19

Blood Chemistory Fbg 221.3 mg/d! VR B19IgG 6.15

TP 6.6 g/dl FDP 3.1 ug/mi TTV-DNA (+)

Alb 3.0 g/dl D-dimer 14 ug/mi HEV RNA (+)

TBil. 15.2 mg/dl anti-HEVIgM > 3.0

D.Bil. 12.1 mg/d! Auto-antibodies anti-HEV IgG 2.111

AST 1,458 1U/! ANA (=)

ALT 819 1U/! AMA (=) Others

LDH » 519 1U/! AMA-M; (=) hHGF 2.49 ng/mi

ALP 652 IU/! ASMA (=) AFP 6.8 ng/ml
y -GTP 389 [U/! CD 4/8 1.29

ChE 206 1U/I Viral markers DLST: {H #HEGA -

TC 175 mg/d! IgM HA Ab 01 C.O.L (3718.1.%)

TBA 2632 u M/l IgM-HBc Ab 0.2 COL E2divydl

IgG 1,698 mg/dl HBs-Ag 0.0 C.O.I (807 S.1.%)

IgA 578 mg/dl anti- HBs 13.7 C.O.L IV % collagen 400 ng/mi

IgM 176 mg/d! HBe-Ag 0.0 C.O.L HYA 824 ng/mi

NHs 96 u g/d! anti-HBe 79.4 %

3 MEREEERGESI4)

T

H-E stain ( x 100)

TFiBEE 51# 1% - 20054 7H 65
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Rz, MERESRTIFAEMR Y METT L 7oA, PEREsE
B TR DRI EE b8, LEITE
K, BEEERL, FREIZRE(SASN
7o, MEHEAE, AESCET 0 F A,
BHOTHE300.104. FIMHLT LR CTHo
7o([3). ERIEARTE, MR £EME
R &R E OBEA PIIRIE % 13 piece-
meal necrosis ¥ & 5 ., focal necrosis b 2
D7z PRI SAEEDOILKE LTB Y

bridging fibrosis Y& H ., —ETCEEFH D
BFEHAZHITEY, DEBEODT A
Wl S 7. —ER T pericellular fibrosis
ATz BEICEE L -HBYVAES L
E)DPIEARHTH - 72 ([44).

HHbIC

ERIFRDOBERERFNC DT EHERF % 0002
FRE L 7o ETNSMERF R, — s, Bis
DEEORIEENZ {, BEIZIZEERETH
VAID L LRSS E . 72, BROE
FEALBI DFEE R LA e EOBE L EZ BN
b, 5%, ERMFREENTAI L TFES
NBEZEND, MIEENREBWNEDHE R
YIXBE DR, ™ A4 )V AN, R
EERELES LR M rETLEEZS
ne. £72, HEOHBROBE Tk, 2MF
KOBERD—>2&L LT, HEVOBES b #IC
WHEIIBELRDL, HERENL & FT) NE
BhHBHEEbLNS,

X

1) HHRER, FEhE BRSO 42 114~
119, 2001

2) Worm HC, van der Poel WH, Brandstatter G :
Hepatitis E: an overview. Microbes Infect 4 : 657-
666, 2002

3) Takahashi K, Iwata K, Watanabe N et al :
Fullgenome nucleotide sequence of a hepatitis

E virus strain that may be indigenous to Japan.
Virology 287 : 9-12, 2001
4) Suzuki K, Aikawa T, Okamoto H : Fulminant
hepatitis E in Japan. New Engl ] Med 347 : 1455-
1456, 2002
5) Okamoto H, Takahashi M, Nishizawa T et al :
Analysis of the complete genome of indigenous
swine hepatitis E virus isolated in Japan. Biochem
Biophys Res Commun 289 : 929-938, 2001
6) Tei S, Kitajima N, Takahashi K et al : Zoonotic
transmisston of hepatitis E virus from deer to hu-
man beings. Lancet 362 : 371-373, 2003
7) Matsuda H, Okada K, Takahashi K et al : Severe
hepatitis E virus infection after ingestion of un-
cooked liver from a wild boar. J Infect Dis 188 :
944, 2003
8) Yazaki Y, Mizuo H, Takahashi M et al : Sporadic
acute or fulminant hepatitis E in Hokkaido, Japan,
may be food-borne, as suggested by the presence
of hepatitis E virus in pig liver as food. JGV 84 :
2351-2357, 2003
9) Matsubayashi K et al : Transfusion-transmit-
ted hepatitis E caused by apparently indigenous
hepatitis E virus strain in Hokkaido, Japan.
Transfusion 44 ; 934-940, 2004
10) 88—, BIEsL— @ HATERI ST £ I
RETHEILEHNETH? FRBEITAT
A, ELMER, AT1 NV 2—%, HE
2003, pp62-63
11) #R—38, BEReLA—, REZ—BR, fb: ERIBIE
FF46. BFAENE 47 © 665-670, 2003
12) Mizuo H, Suzuki K, Takikawa Y et al : Polyphylet-
ic strains of hepatitis E virus are responsible for
sporadic cases of acute hepatitis in Japan. ] Clin
Microbiol 40 : 3209-3218, 2002
13) REENR, £EE GARML i EREH
FFaiEz Twa 2 ? FlEd4d (Supple2) :
A492, 2003
14) W E, B ®, BEMH, i FEA-CH
SHFREERICBIT AHEVREOERE. HIH
££100 (Supple) : A196, 2003
WNBIRRE, MABW, =R, i JEAJEBIE
CHSMERRIIBTIERFRAOBRE. FiE
44 (Supplel) : A82, 2003
16) ¥l & R2EIOBNERF 4, LOHFIZ BT 5
HEVRGEDESR  2EE S OWE EL5
BN AR ST ASETRBEN EWESE
% PRISHE EA DI, 2004, pp33-34
17} Ohnishi S, Kang JH, Maekubo H et al : A case
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report: two patients with fulminant hepatitis E in A492, 2002

Hokkaido. Japan Hepatol Res 25 : 213-218, 2003 21) ZiEEH, HEEN, LHEER BT 7 AR
18) Khurro MS, Teli MR, Skidmore S et al : Incidence LEMES HRELAERSEIFREEROLH.

and severity of viral hepatitis in pregnancy. Am ] FFHEE 42 133-137, 2001

Med 70 : 252-255, 1981 22) Mizuo H, Yazaki Y, Sugawara K et al : Possible
19) $ik—, EMEZ =EHEEAN b DHE risk factors for the transmission of hepatitis E vi-

BT AERIFADEREE ZOME. Vi 87 rus and the severe form of hepatitis E acquired

50-53, 2004 locally in Hokkaido, Japan. J Med Virol 76 (3) :
20) HMIER, NSEE, BALH  ERFEY A 341-349, 2005

VAR & B RIEAFA. B 43 (Supple3)

—— (B 5]

EicE IRMESEREEMAS

B 20054 11 B 19 H (L08)
BT FRI =T RTIW
T 010-0951 FKETILTE 4-5-10 (FBE5018-862-1515) (BKHIRL h T 104)
& B /IWERGES WK :
HERNEE | AL AR (Rt TR E)
LA RHERE - B8 ARSIR BHRESRE
HEEE
B
BRI 0r T 2 HEMESE R BT A R
AR - PR ARSI T A IEIESE T IR
B R AT BT B IEREGR U & 1A TR
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KIGEIIR T 5 JERESE T Tl
RARHERIC BT A EIEET Fl
AR EERME ST BT B IENESE T Filr
FLIR OIS T F4l
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16 EEEEEETES & IWEGEEREY  HRREZ)
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BEREA A & OBEMEE R E BIFF4A ™ 1 )L R genotype [V ND A S FHH—R5
B, #E, fli»roBonl: 3XDOREER L U1 KD#E5x e E HEV HEHEF

mfE A8 MHE ek # A% N OER OmHE EBx RE sz
AW =R BH KFE g FJl RIAREL 2F B4 =R BE

[FFii%] 2846% 286 5 (2005) RBIMI
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FFlE  46% 65 389-390 (2005)

<58 >

FENT & & OEEEREIE 2 EEIFTA Y 1 )L X genotype [V D LRI E—R0Hf
B, 8, iRy s/ sni 3ARDTEERS LU 1 AR HEV RERS

wkE FIEAY  RHE kY & HEY
RPE A SH O RAEY g 3P

BE RO BRI BEFRET & REARET O
FENEE L TWwa, BanoFET 28016E EBTKIciE
RERTEE S AT (RS ©) DSl s T & o2, HEV @IRF
D5 T AEREELEANL TR Sk w, FRE sz 3
KOREERUV 1 AD#EELE HEV EER 2 Eic, %
DR R Tz,

wgR &k 2003 0 BIR TR S vl E BIBE
3 (“Patient B” in Matsuda et al D) i3k HEV #45
EEEH L, FERLCILEED 2 40 B K (AH) X
U1 ZOBFERF 2 (FH) B3k 0 T hicBElL TwieoT, Bl
k4 &KD HEV #eotaERY 2weRibT 2 2 L &34, M
HHRT 2 L FEHC, BRI & O E1T» 2.

BisE  bE0 4 BRIME W 99.5% LA E OB EET—BUE %
TL, BE—REETH2 I LTRSS NI, Bk L OHE
DEw ORF1 B U ORF2 O EEETELATT —F ~—
AERBLIEI S, FRAKRESDIBRO D LRETY
H¥) 28, genotype IV ADE—27 7 A —DHFIAB I L
DYHBE LTz (Fig. 1), 207 5 A5 —OFE 2 SfFEELR.
sz, dbERE, K, PR, T8, BEE, HEXIIE
BHET B0 OUW L I A L TwEETH S (RALS
—2ND7 I AY— 3RO THE—VA] TH3), H_O
MO IERRE Th - T, Tablel WWRTHIL, DI TR
5 —~OBRIZER LI 9 ZOND 3 AN FH, 1 EZ08BHHF
SEEM (ASH), BD o5 4 AH t2E s Tidvnioss,
N2 L7 o borEVEBRIN39.7% s 4% Thol, B

R OHEY  THHE O EXY  WHE Ezo
AIAMREEY  Zff HAED =0 RIRV*

EY L E S 10 mg/dl TR ULIEERZ L1 HZDATD
% (2 BIETEE).,

EEHBRENCHES 2z THRTL R, HEV
genotype IV NDEAHED A b v A »43, FH, ASH, Kk
VIR ERED AH & EECEEL Tw 3 A FEE R &
Nie, BRENRERT -5 CHOLORENHoT2
(Table1) 2 E B TH 29, B BEFMOERICE-T
R - RN ORFISRT 2 L2 TS, AR
A CHREERGE LIRS T 5 2 OB IRENTE
W, FEEEASh o T D B0 99.5% L L DEERT|
— A b D 5Bk R Ry > TS &, JYN-Sap
01C (2001. 12. 28 #L80), JSN-Sap-FH02C(2002. 3. 21 4L
WE), HE-JK4(2002. 4. 25 #57AK), JYN-Nii02L(2002. 4. 30
FEY, JSF-Tot03C(2003. 3. 12 ER) DIEF L&Y, 14
HAATIBERPSPANERA b U A CMEREHIEE KRB
WMALTELDLIRHB 25, Pedhil, fBZ0X
P YDERLS TEUR] #o70h?

RE|FAE  EMITL, BUERZ, EE{LETF, genotype

IV, virulent strain

ICHE 0 1) Matsuda H, Okada K, Takahashi K, et al.

J Infect Dis 2003; 188: 944 2) Ohnishi S, Kang JH,

Maekubo H, et al. Hepatol Res 2003 ; 25 : 213—8

3) Kuno A, Ido K, Isoda N, et al. Hepatol Res

2003 ; 26 : 237—42 4) Takahashi M, Nishizawa

T, Yoshikawa A, et al. ] Gen Virol 2002 ; 83 : 1391

Table1l Patients infected with the HEV isolates of the concerned lineage within genotype IV

Case HEV isolate Length, Accession no.  Reference Habitat TBa(mg/dl) PTP(%) Diagnosis ¢
A (JSF-Tot03C)d 1) Tottori 10.2 17 ASH
B JSF-Tot03C 7251, AB193176 1) & this study Tottori 17.1 40 FH
SN JSN-Sap-FH02C 7251, AB200239 2) & this study Sapporo 12.2 25 FH
YNi JYN-Sap01C 7256, AB193177 This study Sapporo 10.0 44 AH
YNo JYN-Nii02L 7154, AB193178 This study Niigata Ue U AH
JK4 HE-JK4 7250, AB099347 3) Tochigi 33.0 39.7 AH
Jl4 HE-JI4 7186, AB080575 4) Tochigi 10.1 U AH
JEF3 HE-JF3 412, AB079764 5) Ibaraki U U FH
JAL HE-JAl 7258, AB097812 6) Sapporo 4.2 U AH

a Total bilirubin. P Prothrombin time. € ASH: acute severe hepatitis; FH: fulminant hepatitis; AH: acute hepatitis. dPatient A
was exposed to the same infection source as the patient B. ¢ Data unavailable.

DL, O EIET R, PERRCSRRE, VUREEREE S FEAEERETHEY | RIEREXFRS
IMEFTEMRR), 9 BhARERE, * Corresponding author: shunji.mishiro@po.toshiba.co.jp
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BF B 46&6%5 (2005)

94 7 390

a) 326 nt within ORF1

g4.Jpn JTS-Sap02(AB161718)
gé-Jpn JYW-Sap02(AB161719)
g4.Jpn HE-JA12(AB108652)
gd.Jpn HE-JA19(AB108658)
g4.Jpn HE-JFA(AB108659)
gé-Jpn HE-JFS(AB108660)
94.Jpn JKK-Sap(ABO74917)
g4.Jpn HE-JAJ(AB082548)
g4.Jpn swJL145(AB108664)
gd.Jpn HE-JA18(AB108657)
g4.Jpn JSM-Sap95{AB161717)
. 54.Jpn JSY-Sap(ABO74921)
gd.Jpn HE-JA13(AB108653)
L 94.Upn HE-JA14{AB108654)

0.05

100.00%

g4.Chi CCC220(AB108557)
g4.Jpn HE-JA2(AB082547)

g4.Vnm V228(AB075970)

g4.Vnm VOOB(AB075965)
94.Vnm V091(AB075967)
g4.Vnm V123(AB075968)
g4.Vnm V131({AB075969)
g4.vnm VO13(AB075966)
g4.Chi Beijing T1(AJ272108)
g4.Chi Lianing $15(AF082093)
g4.Jpn JAK-Sai(ABO74915)

0.05

b) 412 nt within ORF2

-

g4.Chi Beijing T1
g4.Chi CCC220

g4.Jpn JAK-Sai

g4.Jpn JTS-Sap02
g4.Jpn JYW-Sap02
100.00% [t g4.Jpn JKK-Sap
g4.JSM-Sap95

100.00%

Fig.1 Phylogenetic trees by NJ methods : a) Based on a partial
sequence within ORF 1, and b) ORF 2. Only genotype 1V isolates
are shown. The cluster of HEV concerned in this study is shaded.

—d40  5) Suzuki K, Aikawa T, Okamoto H. N
Engl J Med 2003 ; 347 : 1456 6) Mizuo H, Suzuki
K, Takikawa Y, et al. J Clin Microbiol 2002 ; 40 :
3209—18

RBRYEE
A lineage of hepatitis E virus within genotype IV,
associated with severe forms of hepatitis

Takahashi KV, Okada K 2, Kang JH ¥, Karino Y ¥,
Ichida T, Matsuda H 8, Ohnishi $3, Toyota J 9,
Yamagiwa S %, Maekubo H3, Abe N U, Mishiro S 1 *
1) Toshiba General Hospital, 2 Tottori Prefectural Central
Hospital, ¥ Teine Keijinkai Hospital, ¥ Sapporo Kosei
General Hospital, 3 Niigata University School of Medicine,
8 Tottori Red Cross Hospital, Japan

We found a lineage of hepatitis E virus (HEV) within
genotype IV, members of which were JSF-Tot03C, JSN-Sap-
FHO02C, JYN-Sap 01C, HE-JK4, JYN-Nii 02L, HE-JF3, HE-JA
1, HE-J14 from humans and sw]13-1 from swine, all from
Japan. Interestingly, of 9 patients infected with the HEV of
this lineage, 3 were with fulminant hepatitis, and another 3
were with considerably prolonged prothrombin time (17%,
40% and 44%). In addition, at least 6 patients showed bilir-
ubin levels greater than 10 mg/d/. Although host factors
(pregnancy for example) may contribute much to clinical
phenotypes of HEV infections, our present results suggest that

a viral factor may also play an important role therein.
Kanzo 2005 ; 46 : 389—390
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Possible Risk Factors for the Transmission of
Hepatitis E Virus and for the Severe Form of
Hepatitis E Acquired Locally in Hokkaido, Japan

Hitoshi Mizuo,! Yasu i Yazaki,? Kenji Su awara,” Fumio Tsuda,® Masaharu Takahashi,*
Tsutomu Nishizawa,” and Hiroaki Okamoto™*

!Department of Internal Medicine, Kin-ikyo Chuo Hospital, Sapporo, Hokkaido, Japan

2Center for Gastroenterology, Kobayashi Hospital, Kitami, Hokkaido, Japan

SDepartment of Medical Sciences, Toshiba General Hospital, Tokyo, Japan

4Division of Virology, Department of Infection and Immunity, Jichi Medical School, Tochigi-Ken, Japan

Hepatitis E in industrialized countries has not
been well studied. To define the possible risk
factors for transmission of hepatitis E virus (HEV)
and forthe severe form of hepatitis Ein Japan, we
investigated the clinical and virological charac-
teristics of hepatitis E in 32 patients who con-
tracted the mild (n = 23) or severe form (n=9) of
domestically acquired hepatitis E between 1996
and 2004 in Hokkaido, where hepatitis E is most
prevalent in Japan. Nine patients with the severe
form of hepatitis E included two patients with
fulminant hepatitis E and seven patients who
were diagnosed with severe acute hepatitis in
which hepatic encephalopathy did not appear
during the course of the illness despite low
plasma prothrombin activity (<40%) and/or
increased total bilirubin level {>20 mg/dl). At
least 25 patients (78%) had consumed uncook-
ed or undercooked pig liver and/or intestine 1-
2 months before the onset of hepatitis E. When
compared with the seven patients with HEV
genotype 3, the 25 patients with HEV genotype 4
had a higher peak alanine aminotransferase
(ALT)level (P=0.0338) and a lower level of lowest
prothrombin activity (P=0.0340). The severe
form of hepatitis E was associated with the
presence of an underlying disease (56% {5/9] vs.
17% [4/23], P=0.0454). The study suggests that
zoonotic food-borne transmission of HEV plays
an important role in the occurrence of hepatitis £
in Hokkaido, Japan, and that the HEV genotype
and the presence of an underlying disease in-
fluence the severity of hepatitis E. J. Med. Virol.
76:341-349, 2005. © 2005 Wiley-Liss, Inc.

KEY WORDS: hepatitis E; hepatitis E virus;
fulminant hepatitis; genotype;
risk factors; zoonaosis

© 2005 WILEY-LISS, INC.

INTRODUCTION

Hepatitis E virus (HEV) is a major cause of enterically
transmitted non-A and B-hepatitis in many developing
countries where sanitation is suboptimal [Purcell and
Emerson, 2001]. Besides imported cases of hepatitis E,
domestically acquired hepatitis E has been reported
recently in many industrialized countries including
the United States, Furopean countries, and Japan
[Harrison, 1999; Purcell and Emerson, 2001; Schlauder
and Mushahwar, 2001; Smith, 2001; Okamoto et al,,
2003]. HEV was classified recently as the sole member
of the genus Hepevirus in the family Hepeviridae. Its
genome is a single-stranded, positive-sense RNA of
approximately 7.2 kb, with three partially overlapping
open reading frames (ORFs: ORF1, ORF2, and ORF3)
[Reyes et al., 1990; Tam et al., 1991; Huang et al., 1992;
Wang et al., 2000].

Based on the extensive genomic variability noted
among HEV isolates, HEV sequences have been classi-
fied into four genotypes (genotypes 1—4). The majority
of HEV infections in developing countries in Asia
and Africa are caused by genotype 1; one epidemic of
infection with HEV of genotype 2 has been documented

The nucleotide sequence data reported in this study have been
assigned DDBJ/EMBL/GenBank accession numbers AB194282-
AB194299,
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in Mexico; and infection with HEV of genotype 3 or 4
has been described in several industrialized countries
[Schlauder and Mushahwar, 2001]. There is also
evidence that some animals, particularly swine, may
act as reservoirs of HEV [Meng et al., 1997, 1998; Erker
etal., 1999; Harrison, 1999; Okamoto et al., 2001; Smith,
2001; Heetal., 2002; Meng, 2003; Nishizawa et al., 2003;
Tei et al., 2003; Yazaki et al., 2003]. Numerous strains of
HEYV of genotype 3 or 4 have been isolated from pigs in
both developing and industrialized countries [Meng
et al.,, 1997; Hsieh et al., 1999; Pina et al., 2000;
Garkavenko et al., 2001; Okamoto et al., 2001; van der
Poel et al., 2001; Arankalle et al., 2002; Huang et al.,
2002; Pei and Yoo, 2002; Wang et al., 2002; Choi et al.,
2003; Takahashi et al., 2003].

It has been shown that polyphyletic HEV strains of
genotypes 3 and 4 are circulating in Japan [Mizuo et al.,
2002; Takahashi et al., 2002a,b] and that the cause of
several cases of hepatitis E in Japan can be traced
to zoonotic food-borne transmission of HEV from pigs,
wild deer or boars to humans [Matsuda et al., 2003; Tei
et al., 2003; Yazaki et al., 2003; Tamada et al., 2004].
Furthermore, Japanese patients with severe or fulmi-
nant hepatitis E who had never been abroad have been
reported [Suzuki et al, 2002; Ohnishi et al., 2003;
Yazakiet al., 2003; Kato et al., 2004]. However, the mode
of HEV transmission remains unclear in the majority of
cases with sporadic acute or fulminant hepatitis E in
Japan, and risk factors for the development of severe or
fulminant hepatitis E are unknown. Therefore, in the
present study, we investigated the clinical and virologi-
cal characteristics of locally acquired hepatitis E in
32 patients in Hokkaido where acute autochthonous
hepatitis E is most prevalent in Japan, in an attempt to
elucidate the risk factors for the transmission of HEV
and risk factors for the severe form of hepatitis E.

MATERIALS AND METHODS
Patients

A total of 32 patients (26 men and 6 women, age,
56.6 £ 14.5 [mean + standard deviation, SD], [range,
25—86] years) were diagnosed with clinical HEV in-
fection between January 1996 and December 2004 at
the two city hospitals in Sapporo and Kitami on
Hokkaido Island of Japan. Geographical areas where
the patients lived are indicated in Figure 1. Fourteen of
the 32 patients had been included in previous studies
on-detection of HEV RNA and phylogenetic analysis of
HEYV isolates [Mizuo et al., 2002; Yazaki et al., 2003].
Serum samples collected from the 32 patients at the
initial examination tested positive for anti-HEV IgG,
IgM, and IgA antibodies and HEV RNA, but were
negative for other viral markers of recent infection of
hepatitis A virus, hepatitis B virus, hepatitis C virus,
cytomegalovirus, and Epstein-Barr virus, and they were
diagnosed as having hepatitis E. Informed consent was
obtained from each patient in this study and the study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval
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Fig. 1. Map of Hokkaido Island of Japan showing the locations of the
six areas where serum samples from patients with hepatitis E were
obtained. The number in the parentheses indicates the number of
patients.

by the ethics committees at Kin-ikyo Chuo hospital and
Kobayashi hospital.

Detection of Antibodies to HEV and HEV RNA

Serum samples were tested for the presence of the
IgG IgM, and IgA classes of anti-HEV antibodies by in-
house enzyme-linked immunosorbent assay, using
purified recombinant ORF2 protein of HEV genotype 4
that had been expressed in the pupae of silkworm, as
described previously [Mizuo et al., 2002; Takahashi
et al., 2005].

Serum samples were tested for HEV RNA by nested
reverse transcription (RT)-polymerase chain reaction
(PCR) with primers targeting the ORF2 region as
described previously [Mizuo et al., 20021.

Sequence Analysis of PCR Products

The amplification products were sequenced directly
on both strands and sequence analysis was performed as
described previously {Okamoto et al., 2001]. A phyloge-
netic tree was constructed by the neighbor-joining
method [Saitou and Nei, 1987] based on the partial
nucleotide sequence of the ORF2 region (412 nucleotides
[nt]). Bootstrap values were determined on 1,000 resam-
plings of the data sets [Felsenstein, 1985].

Statistical Analysis

Data are presented as the mean+SD. Statistical
analyses were carried out using the Welch’s ¢-test for
comparison of continuous variables between two groups,
and the Fisher’s exact probability test for comparison of
proportions between two groups. Differences were
considered to be statistically significant at P < 0.05.
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RESULTS

Clinical and Demographic Characteristics
and Laboratory Parameters

Among the 32 patients with hepatitis E, 26 (81%) were
male and 22 (69%) were aged >50 years. Nine patients
(28%) had an underlying disease as indicated in Table L
Five patients (Cases 22, 24, 26, 28, and 32) were seen as
outpatients and did not require hospitalization, while
the remaining 27 patients were hospitalized for a period
of 7-110 days. The 32 hepatitis E patients had a peak
alanine aminotransferase (ALT) level ranging from 152
to 5,030 TU/L and a peak aspartate aminotransferase
(AST) level ranging from 59 to 5,931 IU/L (Table D);
29 patients (91%) had an elevated peak ALT and/or AST
level of >1,000 IU/L. The abnormal liver function tests
normalized within 2 months in 26 cases, but persisted
until 64, 95, 98, or 110 days from the disease onset in the
remaining 4 cases (excluding 2 cases with fulminant
hepatitis E), who had severe jaundice (Cases 1, 4, and
31) or a markedly elevated ALT level (Case 2). Twenty-
seven patients developed jaundice and had bilirubine-
mia with an increased bilirubin level ranging from 3.0 to
34.2 mg/dl, indicating that most patients contracted
moderate to severe cholestasis. Seven patients were
diagnosed with severe acute hepatitis in which hepatic
encephalopathy did not appear during the course of the
illness despite low plasma prothrombin activity (<40%)
and/or increased total bilirubin level (>20 mg/dl); two
patients with fulminant hepatitis died of hepatic failure
56 or 105 days, respectively, after the onset of the illness,
in which grade II or III hepatic encephalopathy devel-
oped within 8 weeks of the onset of hepatic symptoms,
with the prothrombin activity being 40% or less.

Genetic Analysis of HEV Isolates Recovered
From 32 Patients With Hepatitis E

The 412-nt sequence within ORF2 of 18 HEV iso-
lates obtained from Cases 1, 6, 10, 13, 18, 19, 21-32 was
determined. The 32 HEV isolates, consisting of these
18 HEV isolates and the 14 isolates recovered from the
14 patients in previous studies [Mizuo et al., 2002;
Yazaki et al., 2003], differed from each other by up to
22.7%, and were classifiable into two groups consisting
of 25- and 7 isolates. The 25 HEV isolates in one group
were 87.6%—100% identical to each other, and were
closely related to the prototype HEV isolate of genotype
4 (T'1, accession no. AJ272108) with nucleotide identity
of 85.9%—88.3%, and were only 77.6%-80.3%, 75.2%—
76.9%, and 77.8%—80.0% similar to the SAR-55 isolate
(M73218) of genotype 1, the MEX-14 isolate (M74506) of
genotype 2, and the US1 isolate (AF060668) of genotype
3, respectively. The seven isolates in the second group
were 84.0%-99.5% identical to each other and were
closest to the genotype 3 HEV strains (85.7%—93.7%
identity with the US1 isolate).

The phylogenetic tree constructed based on the com-
mon 412-nucleotide sequence within the ORF2 region
confirmed that the 25 isolates and the remaining 7
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isolates belonged to genotypes 4 and 3, respectively,
and they segregated into clusters consisting of HEV
strains of the same genotype that had been recovered
from humans and swine in Hokkaido (Fig. 2).

Possible Risk Factors for Acquiring Hepatitis E

None of the 32 patients had a history of travel abroad
within 1 year before the disease onset, contact with pigs,
wild deer or boars, nor a history of blood transfusion
except for Case 18; Case 18 had been treated for aplastic
anemia and received a blood transfusion just before
undergoing endoscopicresection of colon cancer (44 days
before the onset of hepatitis E), but the transfused blood
was negative for anti-HEV IgG, IgM, and IgA as well as
HEV RNA, excluding the possibility of infection via
blood transfusion. Of note, 20 patients reported con-
sumption of uncooked or undercooked pig liver 1-
2 months before the onset of hepatitis E (Table I).
Furthermore, 13 of the 20 patients who consumed pig
liver and five other patients reported that they ingested
pig intestine 1—-2 months before the onset of the illness.
Two patients (Cases 23 and 29) had no history of
consuming pig liver/intestine, and little or no informa-
tion on food consumption during the 2- to 3-month
interval before the disease onset was available in five
patients (Cases 1, 4, 14, 18, and 19). Excluding the five
patients in whom there was little or no information on
food consumption, 25 (93%) of the 27 patients were
presumed to have acquired hepatitis E by the consump-
tion of pig liver/intestine in the present study. None of
the 27 patients had a history of eating meat from wild
deer or boars.

Comparison of Various Features Among the
Hepatitis E Patients According to Sex, Age,
and HEV Genotype

The demographic features, symptoms, physical find-
ings, and laboratory data listed in Table II did not
significantly differ between males (n = 26) and females
(n = 6), between cases aged <50 years (n = 10) and those
aged >50 years (n=22), nor between cases aged
<60 years (n=18) and those aged >60 years (n=14),
except that jaundice was found significantly more
frequently among males than among females (92.3%
vs. 50.0%, P =0.0056), and that the total bilirubin level
and ALT level at the initial examination were signifi-
cantly higher in males than in females (8.3+6.7 vs.
3.7+3.2 mg/dl, P=0.0226;, 2311+1515 vs. 1340%
803 IU/L, P=0.0443, respectively). Table II compares
various features among the hepatitis E patients accord-
ing to HEV genotype. Of note, patients with HEV
genotype 4 had significantly higher levels of total
bilirubin, ALT and AST at the initial examination than
patients with HEV genotype 3 (P =0.0022, P =0.0373,
P =0.0453, respectively). Further, compared with the
seven patients with HEV genotype 3, the 25 patients
with HEV genotype 4 had a significantly higher peak
ALT level (P =0.0338) and a significantly lower level of
lowest prothrombin time (P =0.0340).
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Fig. 2. Phylogenetic tree constructed by the neighbor-joining
method based on the partial nucleotide sequence (412 nt; nt 5987—
6398 of the HE-JA10 genome, accession no. AB089824) of the ORF2
region of 105 human and swine HEV isolates, using the prototype
genotype 1 HEV isolate (SAR-55, M73218) as an outgroup. In addition
to the 32 HEV isolates from the hepatitis E patients in the present
study, 73 human and swine HEV isolates are included and their
accession nos. are shown in parentheses. Asterisks denote swine HEV

HE-JA29 (AB1984287

strains. The HEV strains of human and swine origin that were isolated
in Hokkaido are indicated in bold type. After the slash, the name of the
country other than Japan where the HEV strain was isolated is shown.
Vertical bars represent clusters consisting of both human and swine
HEV isolates of Hokkaido origin. Bootstrap values of >70% are
indicated for the major nodes as a percentage of the data obtained
from 1,000 resamplings.
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TABLE II. Comparison of Various Features Between Patients With HEV Genotype 3 and
Those With HEV Genotype 4

Patients with HEV

Genotype Genotype 4
Feature 3n="7) (n=25) P-value
Age (years) 46.9+15.0 59.3+13.4 NS (0.0788)
Male percent 71.4 84.0 NS (0.8990)
Symptoms [number (%)]
Pyrexia (>38°C) 5(71.4) 18 (72.0) NS (0.7027)
General fatigue 6 (85.7) 25 (100) NS (0.2188)
Nausea or vomiting 4 (57.1) 11 (44.0) NS (0.4243)
Anorexia 7 (100) 20 (80.0) NS (0.2638)
Abdominal pain 0 6 (24.0) NS (0.1954)
Pruritus 3 (42.9) 2(8.0) NS (0.0566)
Physical findings [number (%)]
Jaundice 4 (57.1) 23 (92.0) NS (0.0566)
Exanthema 2 (28.6) 1(4.0) NS (0.1129)
Hepatomegaly 0 6 (24.0) NS (0.1954)
Splenomegaly 1(14.3) 1(4.0) NS (0.3952)
Laboratory data
White blood cells (per mm?®) 5024+ 669 5556 £ 1792 NS (0.2276)
Atypical lymphocytes (%) 2 (28.6) 7 (28.0) NS (0.6572)
Total bilirubin (mg/dl)
At first examination 3.0+2.6 8.6+6.7 0.0022
At peak 58+5.7 11.7+9.1 NS (0.0564)
Highest level of >20 mg/dl [number (%)] 0 5 (20.0) NS (0.2638)
Duration of elevation (days)® 19.7+27.5 35.3+32.3 NS (0.2319)
ALT (IU/L)
At the initial examination 1294 +954 236341493 0.0373
At peak 1577+886 2590+ 1380 0.0338
Duration of elevation (days)® 35.0+14.5 43.9+22.1 NS (0.2353)
AST qU/M
At the initial examination 1041+ 817 1963 + 1488 0.0453
At peak 1310+836 209841384 NS (0.0788)
v-GTP (IU/L)
At the initial examination 353 +249 396 + 322 NS (0.7177)
At peak 399 231 400 + 324 NS (0.9907)
ALP QU/L)
At the initial examination 616+ 246 596 + 332 NS (0.8590)
At peak 645 +221 609 + 323 NS (0.7423)
Lowest PT percent 94.9+20.4 72.54+27.0 0.0340
Lowest PT percent of <40% [number (%)] 0 7 (28.0) NS (0.1428)
Admission [number (%)] 6 (85.7) 21 (84.0) NS (0.7036)
Severe hepatitis [number (%)]° 0 9 (36.0) NS (0.0728)
Fulminant hepatitis [number (%)] 0 2 (8.0) NS (0.6048)

Total bilirubin (0.2-1.2 mg/dl); ALT, alanine aminotransferase (6—43 IU/L); AST, aspartate amino-
transferase (11-40 TU/L); y-GTP, v-glutamyl transpeptidase (10-50 [U/L); ALP, alkaline phosphatase
(80~260 IU/L); PT, prothrombin activity (80%~120%). NS, not significant.

#Period from the onset of illness to normalization.

®With peak T. Bil level of >20 mg/dl and/or lowest PT percent of <40%.

Comparison of Various Features Among the
Hepatitis E Patients According to the
Severity of Hepatitis E

Table III compares various features of the patients
who had the mild form of hepatitis E (n = 23) and those
who had the severe form of hepatitis E (n = 9) including
those with fulminant hepatitis E. Age, gender, and
history of alcohol intake did not significantly differ
between the two groups. Although not statistically
significant, HEV genotype 4 was more prevalent
among patients with the severe form of hepatitis E
than among those with the mild form of hepatitis E
(100% vs. 69.6%, P = 0.0728). Notably, the presence of an
underlying disease was related to the severity of

hepatitis E, being significantly more prevalent among
patients with the severe form of hepatitis E than among
those with the mild form of hepatitis E (55.6% vs. 17.4%,
P =0.0454): five of the nine patients with the severe
form of hepatitis E had an underlying disease such as
diabetes mellitus, cerebral infarction, rheumatoid
arthritis or drug-induced liver injury. Case 31 had
taken over-the-counter medicines under the suspicion
of the common cold just after the appearance of the flu-
like symptoms, which were probably due to hepatitis E,
and 2 weeks later, he was hospitalized with the
diagnoses of hepatitis E and drug-induced liver injury.
In this patient, the bilirubinemia and ALT elevation
persisted until 107 and 68 days, respectively, after the
onset of the illness.
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TABLE III. Comparison of Various Features Between Patients With the Mild Form of
Hepatitis E and Those With the Severe Form of Hepatitis E

Patients with hepatitis E

Feature Mild form (n = 23) Severe form" (n=9) P-value
Age (years) 54.9 +14.8 60.8 +13.7 NS (0.3023)
Male [number (%)] 19 (82.6) 7(71.8) NS (0.5544)
HEV genotype
Genotype 3/genotype 4 7/16 0/9 NS (0.0728)
History of alcohol intake 7 (30.4) 1(11.1) NS (0.2564)
(>80 g ethanol daily)
Underlying disease 4 (17.4) 5 (55.6) 0.0454

2With peak total bilirubin level of >20 mg/dl and/or lowest prothrombin activity of <40%.

bNS, not significant.

DISCUSSION

In the present study, although little or no information
about eating habits or food consumption during the last
3 months before the disease onset was available in five
hepatitis E patients, among the remaining 27 patients,
25 patients reported ingestion of uncooked or under-
cooked pig liver and/or intestine 1—-2 months before the
disease onset, indicating that 93% of the 27 patients
studied had a probable risk factor for acquiring hepatitis
E. In previous studies, we found a high prevalence of
swine anti-HEV IgG among 2- to 6-month-old Japanese
pigs (58% or 1448/2500) [Takahashi et al., 2003], and
identified a pair of Japanese swine and human HEV
- isolates of genotype 4 with 99% identity over the entire

genome [Nishizawa et al., 2003]. In addition, we found
that a certain proportion of packaged raw pig livers for
sale in stores in Hokkaido as food (1.9% or 7/363) were
contaminated with HEV, which had high nucleotide
sequence identity of up to 100% with the HEV isolates
recovered from Japanese patients with hepatitis E who
had ingested undercooked pig liver before the disease
onset and who lived in the vicinity of the stores [Yazaki
et al., 2003]. Although whether pig intestines and colon
for sale as food are also contaminated with HEV must be
" examined as well, it has been demonstrated that HEV is
shed into feces, allowing transmission by the fecal-oral
route, and that swine HEV replicates in the colon and
intestines of infected pigs [Williams et al.,, 2001],
suggesting that ingestion of undercooked pig intestine
or colon contaminated with HEV may be another mode
of transmission of HEV. In support of our speculation,
our recent study indicated that HEV RNA was detect-
able in fecal samples obtained from the majority of non-
viremic but HEV antibody-positive 4- and 5.5-month-old
pigs: fecal shedding may persist longer than expected,
compared with viremia in infected pigs (unpublished
observations). Recently, Kato et al. [2004] reported a
69-year-old patient who died of fulminant hepatitis E in
an outbreak of HEV infection in Kitami, Hokkaido of
Japan: five relatives of the patient who had ingested pig
liver/intestine at a barbecue restaurant, had serological
markers of recent HEV infection. Therefore, zoonotic
food-borne transmission of HEV via consumption of
uncooked or inadequately cooked pig liver/intestine may

play an important role in the occurrence of hepatitis E in
Hokkaido, Japan.

Of the 32 hepatitis E patients studied, males ac-
counted for 81% and the mean age of the 32 patients was
56.6 years. The precise reason why domestically infected
hepatitis E in Japan prevails in individuals of older age
and male sex remains unknown. However, Japanese
people, particularly elderly males in certain geographi-
cal regions including Hokkaido [Yazaki et al., 2003],
Hyogo [Tei et al., 2003], Tottori [Matsuda et al., 2003],
and Nagasaki [Tamada et al., 2004], have a peculiar
habit of eating raw or inadequately grilled meat and/
or viscera from animals including pigs, wild deer
and boars, and this may partly explain the observed
phenomenon. The number of newly diagnosed cases of
clinical HEV infection was highest in 2002 (ten cases),
but gradually decreased in 2003 (seven cases) and in
2004 (five cases) at the two city hospitals. The yearly
difference may be ascribable to changes in the level of
consumption of pork and pig liver/intestine, which
increased transiently in 2002 due to the marked re-
duction in consumption of beef after the report of the
first case of bovine spongiform encephalopathy (BSE) in
Japan in September 2001.

Although HEV induces a self-resolving hepatitis,
hepatitis E may be fatal, especially in pregnant women
in developing countries where genotype 1 HEV prevails
[Purcell and Emerson, 2001]. The present study indi-
cated that the HEV genotype and the presence of
an underlying disease may influence the severity of
hepatitis E. Multiple HEV strains of genotype 3 or 4
were isolated from the 32 patients with sporadic acute or
fulminant hepatitis E in the present study. Of note,
HEV genotype 4 tended to be associated with the severe
form of hepatitis E when the genotype distribution was
compared between patients with or without the severe
form of acute hepatitis (including fulminant hepatitis).
Although the HEV isolates were genetically heteroge-
neous even within the same genotype, the 25 patients
with HEV genotype 4 had a significantly higher peak
ALT level and a significantly lower level of lowest
prothrombin activity than the seven patients with
HEV genotype 3. In Japan, at least eight patients with
fulminant hepatitis E have been reported thus far,
including the two patients in the present study [Suzuki
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et al., 2002; Ohnishiet al., 2003; Yazaki et al., 2003; Kato
et al., 2004]: six of the eight patients were infected with
HEV genotype 4 and, of note, five of them lived in
Hokkaido. Further studies are needed to clarify whether
HEV genotype is associated with the severity and
outcome of acute HEV infection, similar to the advanced
studies on genotypes of hepatitis B and C viruses
[Okamoto et al., 1993; Feray et al., 1995; Miyakawa
et al., 1995; Fung and Lok, 2004].

Age and sex were not considered as risk factors for
the development of severe or fulminant hepatitis E
based on the findings of the current study. Of note, the
presence of an underlying disease such as diabetes
mellitus, rheumatoid arthritis, or complicated liver
disease was recognized as a possible risk factor for the
severe form of hepatitis E. However, since a limited
number of cases were evaluated in this study, a much
larger study with a greater number of cases is needed to
draw a definitive conclusion.

In conclusion, this study indicated that zoonotic food-
borne transmission of HEV via consumption of pig liver/
intestine may play an important role in the occurrence
of hepatitis E in Hokkaido, where acute autochthonous
hepatitis E is most prevalent in Japan. However, 2 of
the 32 patients studied had never ingested pig liver/
intestine nor meat from wild deer or boar and had no
history of blood transfusion. Patients with transfusion-
transmitted hepatitis E have been reported in Japan
{Matsubayashi et al., 2004; Mitsui et al.,, 2004]. It
remains to be determined by what other mechanisms
the virus may be transmitted to humans. In view of the
large number of animal species that are potentially
involved, further exploration of zoonotic transmission of
HEV is warranted. The HEV genotype, the presence of
an underlying disease and other potential viral factors
and factors related to the host deserve further investiga-
tion in much larger cohorts, in order to define the risk
factors for the development of severe or fulminant
hepatitis E in industrialized countries.
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Fig. 1 Chronological description of the case.
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