LT, BIERTA DD & A%

B2 HBe fiFE» 5 HBe AN EO /N —T 3> (SC)

| wmmmm | ewdsm | BN / SETEH |
| HBe HIE ] HBe #i% |
ALT
HBV (8514)

HBV (Z£4%)

HBe R 214
BRMBMEATH

SC & HBV (FF1HE) - » pre—core BIEF & 5\ d core promoter BIEFIZE
BEFRLL HBY (BB L620ICELB. SC #%H HBY BRI R L
BIERTA (HBe MUEREM) PIEHSET2 2P ENICH B,

EbdhhH. LhL, PiidEENR, B bakL, FALL % 5EH
TR 4. GE4E, HBe HUEEEMETH HBV -DNA Flko B BIEVEIF
KEBFZBOGHEDPIEREN, 5L HBe HLEMELE SNz pre-
core ZEMR core promoter BRI L L Z EHME I N TV BY,
HB % YV 72 BAUBEAT 25 6 O S H I EEF CTHAS L 22 D FET
L7-fEBloHizik, HBV -DNA %% 7.6log copies/ ml # 2 55
ANZIEBDHRZ 5T, 4ikR7z HBe HUEEMN HBe Huikbmik DK
TANVAEBRSRDEND. Lizh - T, PURIEKROME~ — 7 —
DRHIZE LT, MFERE) VY V7o oy ViR ED
Friige e Rads s, ERELSLBREILE B CLERD 5.

3 RS 1 T X S I E oA
SUEEEROBREEEL ALT o EF e B ok cd b, &
AW BRIEMIFROEE T ZbEL, IFN 3 L7937V U7
EOPLT A VAEORMHDHLE RS, HB ¥y ) 700 EE
BT THEOENHEAMROBE RICHERET A EEIE L, T
FDZE L RS 0OBENLETH L. HBe PuiklEtE HB ¥+ U7
W, RETA T O A FRGIEIGHIZMHEHT 5 &, FRIFEEET S
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#3 BEFRAEOHLWRAT—UH5E

HB stage 0 I I I v v
HBeAg + + + - - -
HBV-DNA L] 107°= 107> 10°= 10°> A

(copies/m/)
ALT BELER  HEEEELS e LIS PN A8 A
Fhe NG BRI 5E EE/ SE" NG| & NG
(Ia/ 1b) (Ia/ Iib)
RBI|UZT  EBHTN NN NABD TK O NErN & T/ & T
B & Fo 2l IFN/ 337y 52790 & E
IFN/ IFN+
A%
YIEE BHS0mAR, A mEAN  SF BHsomblk, i35 mille
** I HBsAg (1) ORSEIPHERIATVWEZE
BEEE | BROMSTRESR

EHDHY, HEISLETHE., —HITT A VARV EERE
BIcix, b EEILTLE2L 0T, BRIV BEENICS I 7Y
VERHTARETHLH., WTFRIZLTYH, SRR, Bl
DFAN® 2 EE2HNT, RODHBENLETH 5.

BROEELZOE, WEBBOSIA IV I THDE. HIZTITI VD
PG X S S S E L AMAaH 5. 7a by € VA 40% %
& &) REEFATORMEHIILRTHL2Y, HB Fx IV T7H60
S LB RS L ORMMECIIR 2 o R RIT L& L
DERLH LY. Thbb, 537V VOREMEOKIERY S, HB
Fx T o0 MEES IO Mo v VDY 60 % i, 1B
PR 5 OB PEHIEA IR Y VE UED S mg / dl BLETHE*
PTG ITVVERGTRELEEIOLNS.

FITVREMEGHIIBWTALNAEARTIRIIC L 5 break-
through hepatitis 23K & 2B CILZMmo by 4 Vv A O Gt H
WA OND . THQETIE 2004 4 12 LD, 775N RBoE
e, 537V %5402 HBV O 2 i85 % £ 5 IFieak
BEVPHERINTERNT, 79I 7V EORHIRBEITRRE o7z,
F 72, entecavir 2 ¥, MOPT A NVAEORBEHHEATEY, 5%
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DEFE~OIEHA» IS5,

WEEOHIHE S IXEBPR T ANVABIZE 5T, BEFRBEEDA
F—U0 (R3) 2FRL, BWREOERIZEHL TS, HBs
i, HBe ¥iE, HBV-DNA, ALT, L TAT—I ¥ 7%
v, DAV A ZZRLT, 537V, IFN R EDOBBEDE
HEhERLTWA, LL, TNHRHZRIY A VAT I
75 TORENREIGRINTH Y, 48, BIBANLA LW gl
toaEZENL.

BEIZMIT £ T, 20% 25— #@ERET, SRS TRIT 5.
T EELRCREL T &Y. BREMEFRASMHIE T, &r
avn=Varvil, —BEOELTUETLIEELH LD, —HbC
FRELRBEL R TEAZ#D L. EH O LIHHORADHIITE
FEL R BIRE LA RARICBE &, AR5 BS w2 e Thbs. TL
T, ARIILT, TR ho/b 23, FBME S0 RN
BERATH CEVEETH L. Sk, Hlokiy 4 VAEORIEIZLY,
BEIFF 0T 2 iBEII R & CELT 2T RMESE 2 6N 5.

BEHEBHh-FEW B - LA &7
N B E sk :

1

2)

3)

4)

EARWNE, AR BIVEVENFJE LSRR
BB OB 20032004 p289-293, AT,
L, 2004,

SR T BEFEIANMA " Yv—1
v 7" SRS 8 11 B p246-254, WERE
JE, B8, 2004, :

Yuki N, et al:'Long=term histologic and vi-
rologic outcomes of acute self-limited hep-
atitis B. Hepatology 37.(5):. 1172-1179,
2003.

BRk—3, fth SEFREREOTM L IRE

BT R, JE ARSI A R E B SRR
HE (RN OFRBICHET 207 B
R 12 4 FERT RS & p32-35, 2001,
Yoshiba M, et ali Accurate  prediction of
fulminant . hepatic failure “in. severe .acute
viral hepatitis: multicenter study.
T'Gastroenterol 37:(11): 916-921, 2002.

SR —3E, A BT R I OBEL T
I2M4 % prospective study. EHERFHTE
W40 e B SR AT SR SRR DT
BICEIS AHTZE SR 13 SRR - e sl
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g E, p104-109, 2002, to the antibody against e antigen. ] Virol
7) Kondii L A, et al: The use of lamivudine 64 (3): 1298-1303, 1990.
for patients with acute hepatitis B (a series 9) HH B, 4 BRAMHEREORT M.
of cases). J Viral Hepat 11 (5); 427-431, T4V AL (F) HARBRE BT 62
2004, (Suppl 8); 248-252, 2004,
8) Okamoto H, et al: Hepatitis B viruses with ~ 10) MEE I, i HBV <~ —H— ¢ 3E) A7 &
precore region defects prevail in persistent- 0.7z HBV. % U7 O R 5 — 448,
ly infected hosts along with seroconversion JFlE 45 (11): 581-588, 2004.

— 264 —



e REORIRR ST

B AMEMEITFAORREA ESHURL, 16T E 2. THMN?

JIESERS

E B AR S v & — LSRR S - AbE

3 U &
BEF4Y 4 VA (HBV) % v ) 7 HBe HUR
B EYE S v ) 7 S BMWIT, IFREE, T
MR H B VIR NBRE L ETw 5 HBe Hi
R MEIEEE Y v U 7 TS F &F IRRNTE
TETLH, ZLTC, ZOFBLIFTEETH B,
KA 5 & RPRIZ, FFHIRRREIC AT T 28 L ERIR
FRmORBICELECRIC203NE. Thb
HBV ¥ v Y 7 OFNENTHAEEORMIIWS
O, BEIAZZEORETHSHDh, HEH
BEEOULERZH LD, FLTHELRLED
X)) BIEB R RIRT RE L) BWITHRd 5
720, bhibhid HBV v ) TORT—VHH
R L7z Y.

HBV ¥ ¥ U7 DRXF— 3@
1995 4E 11 A DIBRIC U le % 403 L2 HBV & v
V7 207 BEIRIZHBY ¥ ¥ VT 28 AT -7
WA LZZED., NROWMITBEME 138 6], &
YE 69 BT, FHERIZTZFN PR 44.3+13.4 5%,
42.8+15.6 K TdH o7z,
HB 25— 0 : HBs $LE B, HBe PR,
ALT FHEHFHREOVWHLY LEEREES v Y 7O

KA.

HB A5 —V1: HBs B, HBe Hul G,
ALT B8 i (Bt £ % DAL) © HBV-DNA & %%
10"5copies/mL BA L& 7 A4 v AT, B4ER (B
P30 mEARTE, A 3B BRI B AT — V14,
EAER (M D30l k, oM i35 mRL ) B R
F—=VIb &7 5,

HB 25— 11 . HBs YUEEY:, HBe BLEBE,
ALT F% 18 (R IE % 2LAL) © HBV-DNA & 7%
10"5copies/mL R O £ v AR, FHERE A
F—V Ila, EEBEZAT—T b T 5.

HB % 5 — Y 111 : HBs BuJE B 1, HBe HLE &
%, HBV-DNA1Q%copies/mL Sl bt 7LV a7 %
BBROMEARFR L TWEEEZONLHETH
5.

HB A5 — VIV : HBs JUR ¥, HBe PLE &
%, HBV-DNA1®copies/mL R Vb w 5
RIEBEDOIRETH 5.

HB A5 —3¥V ! HB* v 1 7 (HBs Hu B b ¥
DEFIAPFEZE STV A H)) ¢ HBs FuBIAHAE L
7R TCH 5.

BAT =V OB, R, FHEE, ALT 1,
/B & O FRREFRIIR 210787, HBe HLIK

£1 HBYVX v UTPORT—VH4E

HB 27 —¥ 0 1 i 1 v v
HBsAg + + + + + -
HBeAg + + + - ~ -
HEY DA NS 1078 = 1076 > 10° < 105 > i
. (copies/ml.)
ALT BREY | BREBLS | BRERLS P! A R
e ) BE/BET | BE/EE i i i
: RE3 T/ To) /Ty PG P T
FEURY & T Ve NEDHTK | EbHTK & hH TN EhH TN

FHAE L B 30 AR, oM 35 R
AR DB 30 bk, Lotk 35 Rk

1345-1551/06/ ¥ 100/ H /JCLS
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-“E\

ORBREBE — XX T~ Ta p5 a £ &Y, &

I ETIEIBERETIHIVICIEEDS o,
BRATF-VI ERAF—T IV FEENREOETIEELT,
REORLEZEMTH 3.

RPICRT—T IV ICHITT 5.
IREEREDI—-REXF—Y Ta 5 Ib, b &EFTL,

%2 BHBAF—VOEERT EREE

HB X7 —% 0 Ia Ib Ia b I v
5#(%) 9(4.3) 23(11.1) 44 (21.3) 10 (4.8) 31(15.0) 49 (23.7) 41(19.8)
R
3/6 1 sk e

(B /4i) / 6/7 32/12 4/6 24/7 38/11 21/20
T () 34.4+9.1| 255+3.4 | 448%11.0 | 24.0+25 | 48.5+9.8 53.1+0.7% 4561157
ALT(U/L) | 17.7+4.4 [129.01101.4|193.6 £204.2| 105.6 +80.3 |130.5 1 194.2|117.2 +112.3 ***(41.0 £ 39.7 ***
P
(QJ;Z)JE?& 20.4+42| 201436 | 165+6.2 | 18143 | 15.4%7.9 | 14.4159%* |19.347.5*"*

2=
MRk 9/0 23/0 44/0 9/1 24/6 39/10 35/6
(—/+)
IR SIEN! 0 0 3 0 4 9 i
BER(%) 0 0 6.8 0 16.7 23.1* 2.9*%
*p<0.05, **p<0.01, ***p<0.001
BHMO AT — VT EAF— VIV & T 5 [ mmsrsoia—2 |
E, EHERBIEAT— Y IVEHEE (p<0.00) 12 18.1/0 19.8/2.9

20.4/0 201//Ila——u>(III)——>rv__.,(V)

,(
z/« | #L'?’I’)lfz
K\é 2 PR /, : IéI\

IIb———»III
16.5/6.8 15.4/16.7. 14.4/23.4

| FEZER - Ffm (YR 3—X
MM (X109 /5585 (%)

FHERTH Y, MHRNIEZEIZEE (p<0.01) 2R
F=YVIBTHETH -7 T/, ALTHEIZ
AF— VIV A E(p<0.001) ITEETH - 72,
AF—VIMEATF—VIVRAF =TI A
F=VIVANEBITT S L) BHNERD®E T
BT, WEBORLLZEMEZZONS,
HBV ¥ v Y 7 O KEHA T HRR IE 0 IR AE
ANDA—AFAT =V lanbAFr—YTat
D, FOREMHAFT—YV M 2RBHAL-5BERP
PRAT—TVIVEBITTA30EEZLN5,
Z L CAT— VIV AR 727 HBs JUR A
ML, AF—UVeERb, —F, FHEER -
HBRBNAAVAZBEIATF—VIadrbAy—

1 HBV %+ U 7ORB(EERIARD — X LIFELE

B-HREENMUZX73-X)

Ma BLOTV TEREN2047T7, 0%, 20107,
0%, 18175, 0% B L UV19.373, 2.9% & i3 &
A EBALE RO BV, LR - RIS
AYA7 A=A HTzBAT—V b, Ib BLT

VIh, A5 — Vb &H#SFL, HBe HUE M I TEZENFN165T, 6.8%, 15470, 16.7%
ILLTAF— VI F CEFES 25 HBV o BXU44T, 231% L AF— TV OBITICHE
BEZERL, AT7—YIVIZELZ LTV (EH TOMMEBOBET & FBROMEMHBED LR,

D). BRERI—-ADKERATF—IIBIT50%
BOMMRREREY A7, A5—0, Ia,

A7 —=VIb, Db BLFIMOF ¥ 7T 2
oo A N 2RO LD RIR S N,
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©RF—~Y Ib, b HEV I FFFEEER - FEREONT YR T A-2TH 3.
25— LI T CP, Pre CHIfRE B ICEREPFERICEETH 3.

GAF—-T IV ClmBESE THEROBEEI ],
AIVAEDFHICL D HBe HiE#EE EZZ 5N 2.

FEsEs, FFHEEETHE
HB 25— HE@
BAF—TVPNOREERIZAT—V00%, A
F—3ITa 0%, 25—V 1Ib6.8% (3/44), AT —
Y Ta 0%, A7 —Y1b 16.7% (4/24), AT —
VT 23.1% (9/39), AF—Y IV 2.9% (1/35) T
Hot. AF—VIb, AF—V b BLPFATF—
VT BEHERBONA ) A7 FECHEBERIC
Hor 4 W AWBBERAT) BB H L. FEFRIER
(B TR % &) 1B AN B L URHE
S OER, ALTHIZOWTAD &, M,
o 24.6% (138 Bl 34 61), i 10.1% (69 B
7 ) & B CH BRI EE (p <0.02)
Tholz. FBBIOFEEAE 50 A 55.0%
LELE L, 60 A, 40 AT ENEN 17.5%,
15.0% T A0 R ARITIZ 25 /% & 35D 2 B DO AT
otz Fiz, FEWMHERREO ALT 813 30IU/L
Fi s 6 41 (15.0%), 40TU/L i 12 %1 (30.0%)
B XUV 50IU/L Kl 19 $1(47.5%) & ALT A
REECE H T,
¥ 72, BRI/ 10 75 K550 & BT 4 68
BETHETHE, FAT— VNOFFiEEEETH
DEEFATF—T00%, AT~V Iad3% 1/
23), A5 — 1b 13.6% (6/44), A5 — ¥ Ma 0%,
A5 —Y b 25.8% (8/31), A5 — VI 26.5%
(13/49), AF—Y IV 7.3% (3/41) TH o7z, 5
W E B AT —VIh, AT—VIbBLUA
7= VI B W TR AR T B 03 m 31 G0
Lz,

JLa7, A7 TOAE-5-ERL
HB 25— 4@

%f 4 207 v 111 B2 B W T L a7 (PreC)
BIUar s oE—%— (CP)ERIIDOWTHE
L7z, HEAT =BT HHAROEEIE PreC
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i, CPHIE{TERLEN, A5 — V0 100%,
75.0%, A5 —VIa 66.7%, 33.3%, AT —Y
Ih 65.2%, 34.8%, A5 — la 42.9%, 14.3%,
A5 —T 1b 53.3%, 13.3%, A7 —Y 1 3.7%,
7.4%, A5 — VIV 37.5%, 31.8% T&H - 7z.
HBe i HMTL AF—V I & AF—V IV
TRFMEPFELRY, PreCHHM TIIH AR L AR
RBEAF—Y I TEENENLH, 1560THD
A, AF—VIVTIEIF, 128t A7V
TEEMIEE LB IKERTH 72, 72,
CPHBCTHHAEMEERAMLILKT L E, A
F—Y U CERENZN 26, 256 THHH, A
F—=YIVTIE7H, 1341& 25— T T PreC
PEIR & A, BRAUPIEE (p<0.05)IIERTH -
7z, PreC f8I8 & CP B O VTN DS FFAEKET
HHRIAF— TV TlEbTHh 11.1% (3/27) T
Holeds, AF—YIVTIE520% (13/25) & &
P AR GO BIRIREHEZZ oD AT —
VIV CETWHEECH AR OBRTERE L, v
WABDEAIC L - T HBe JUE SR L2 AR
SN ERRTHEEEZEZDND.

HBV genotype &iRRE S DEES

HBV 350 FH#ALZEOFREIC LY ARIHDS HE
F O 8D genotype IZHHHEX LT WA, Orito
5D bAEIIZ BT S genotype A DIFHFH 1T &
5 &, ML BALH 7T d genotype B 7%
FNUUSNOHIE TiE genotype C 3R F% T
BY, bAEESEOHEE LTI genotype B 48
12.2%, genotype C #384.7% T & - 7z. geno-
type B genotype CRILLFHEIFLEZZ 5
nNTHY, PreCHEIB L CPHEBOERDAEIC
DWTORETH, EEMII genotype B D 16%
12 U genotype C Tid 58% & genotype C TF
BUEREHESNTVEY, B CErEs
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GRAF=I b THEEHEBE TH HBV DNA BEEFHEEL,

MIAIWVAREBEESDETEH 5.

GRF—=T b &HIERTF—T T O ALT REBMBIL

T A IV ZEEDIESEE T H 5.

DBRF—T I OFBFRIEE T~ I hBEKXT,
ALT OERICEAZRE BERIF AN 5.

L 72 B RS M BT R 2R 60 1 e 56 61 (93.3%) 1%
genotype C TH D, Z DL genotype A, B,
FBLUB+CH1HITOTH-72. KHTHB
BB M TR B O K T genotype CTH Y, Fiik
DPreC, CPERLZAFT—-VoHEDOHRD
genotype COF X Y TIZBWTORBELE 25
575, genotype BOF ¥ 1) 7 CIRERRSE
FEfE oz & T, HBe B TOZ 57—
VI OEFELDTERETII RV LIRS
n5,

HB A7 —VPBERTAINEBEOLEMES
AF—VIalEATF—Y 0 DEIEREES v U 7
PRI BAT L ZREBOTRCOEB ¥ 7
PEBETIEIANADAT—IThHY, ZE)
ATBELDTERTEE I Y AV ABRBEOY
v, Lo L, MRS 57— Va8
F2 PLRICH#AT L O B 0NE R IR 10 )
FTHARMEND D, P AV RBEROBS & 2
bNb., ALTHEAEE % Fhd 56013858
HBV-DNA BB LAF—V Ha & %578, A
7= a2 5L SO B RIHEFI S b,
ALT B EMEEIIH Y 4 v 2B EO®IE & 7
5. Ia, Ha & A & L CTIBEETRBIRED
RIFTHLOTA v —7xuy (IEN) B —E
REGBEEZDL, AF—VIbIEEFERLBE
TH HBV-DNA B DB EF R T 58T, %%
YAZ AT =V b X D IMEBETH 555 2
7 RTHT 4V ABEBOLENRD S, Suzuki HY
BEEEMRINC LT, BYANVABETHLI L
AYMDD ZRERBRICHRDIFTTTIRFTH S
CEEWELTBY, FITV(ETL v
2®) Bl T O IR ORI F T, v
HENTEEDHT 4 IV ARREOEER B B it
HHRBEFEGC R EEZONE, AF—Y
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T a7 Ed W IFN, BB Y 7 F v & Db
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BAT—IVHRKTALT O ERICEFRR CFH
WBBHONDE., ZHFr ) THOBHEDSRK
T, &N L CTBILER & PSS HROM
HHEEEZZONLY, il b ALTHER
DR BHEPNIM B TH A 9. FHNLEEH
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EIHITITVUNREERTHY, YMDDZE
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DOMBT > 7DD 5 WIdh 2 TG T
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FITRIE & Wb B IREET, Piv A4 IV A RBORK
HEETH B, FNISEEBI %D L5, HRO
RISV, 25—V VHIEBIECIHEIC
BUIHA AN BRIFEOREDL KLY A
WABHEORBRIZE RO hnwetEZ LN,

BHUICS

BARIFESSRINEo012E, HBV ¥ %) 7

BEDHRRIZ B2 BW 5 EPHETDH

b, bbb RE LA 2O HB X7 — V8

ZOFWHRAEEZ L. HRBEISHIIZFELIC

WY Bl AV R ERGL, BT 14T
BWA RGN EEZ TS,

X @

D sk, FESHES, SEh 3 0B v -
H—ELBBIRAT LY HZHBV F ¥ ) T DA
F— VR R H Y 4 VA RO RV
T—. Pl 45 @ 581-588, 2004

2) Orito, E., Ichida, T., Sakugawa, H. et al.:
Geographic distribution of hepatitis B virus
(HBV) genotype in patients with chronic HBV
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Significance of liver negative-strand HCV RNA
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Background/Aims: Liver negative-strand hepatitis C virus (HCV) RNA is the most direct indicator of active viral
replication but has only been examined in a few semiquantitative studies.

Methods: Positive- and negative-strand HCV RNA in the right (R) and left (L) liver lobes was quantified by rTth-
based strand-specific real-time polymerase chain reaction for 48 chronic hepatitis C patients.

Results: Close correlations between lobes were seen for positive- and negative-strand amounts (=0.950;
P <0.001 and r=0.920; P <0.001, respectively). The ratio of negative to positive strands (median, 0.14 for R and
0.13 for L) varied by 2 log directly in relation to HCV replication assessed by liver negative strands but had no
relation fo liver positive strands and circulating HCV. Only negative-strand quantitation was inversely correlated
with age (r=—0.322; P=0.026 for R and = —0.340; P=0.018 for L), while liver tissues with hepatitis B virus
DNA contained larger amounts of each strand. In 27 patients treated with enhanced interferon monotherapy, the
amounts of liver negative strands (<4 log copies/100 ng RNA) were the only independent predictor of a sustained
virolegic response.

Conclusions: Negative-strand quantitation is uniform in the liver and bears distinct relevance to the disease.

© 2005 European Association for the Stady of the Liver. Published by Elsevier B.V. All rights reserved.

Keywords: Negative-strand HCV RNA; HCV replication; Chronic hepatitis C

1. Introduction

Hepatitis C virus (HCV) replication, like that of other
single-strand, positive-sense RNA viruses, is presumably
preceded by the synthesis of negative-strand RNA. Thus,
the amounts of negative-strand RNA-replicative inter-
mediates in liver tissues should serve as a more reliable
marker of active viral replication than positive-strand
HCV RNA in the liver or in circulation. Serum HCV

Received 3 May 2005; received in revised form 22 October 2005; accepted
25 October 2005; available online 15 November 2005
* Corresponding author. Tel.: +81 6 6942 1331; fax: + 81 6 6943 6467.
E-mail address: yuki@onh.go.jp (N. Yuki).

loads are affected by replication within the liver and
extrahepatic sites and by immunologic clearance of the
virus. The detection of liver positive-strand (genomic)
HCV RNA can simply imply contamination by such
circulating virions. Thus far, only a few semiquantitative
studies have been done on the clinical relevance of liver
negative-strand HCV [1-4], and controversy remains.
Patients with chronic hepatitis C can show uneven
distribution of liver injury, but intrahepatic variation of
HCV replication also remains to be clarified. To further
address these issues, we quantitatively analyzed positive-
and negative-strand HCV RNA in each liver lobe by
strand-specific real-time polymerase chain reaction (PCR)
using rTth.

0168-8278/$30.00 © 2005 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

doi: 10.1016/}.jhep.2005.10.014
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2. Patients and methods

2.1. Patients

Forty-eight patients with chronic hepatitis C underwent laparoscopic
liver biopsies. All patients were positive for serum HCV RNA (Amplicor
HCV Test, Roche Diagnostics K.K.. Tokyo, Japan). No confounding
etiology of liver discase was found in any patient. They were negative for
hepatitis B surface antigen in the serum. The group was comprised of 25
men and 23 womnen ranging in age from 33 to 70 years (median, 57 years).
Sixteen (33%) patients had a history of blood transfusion 8-52 years
(median, 36 years) earlier. Biopsies were performed using 13-gauge Tru-
Cut needles (Hakko Medical Co., Ltd, Nagano, Japan), and liver tissues
sufficient for histologic and virologic evaluation were obtained from the
anterior segment of the right lobe and the lateral segment of the left lobe.
Specimens 15 mm long and 2 mm wide were embedded in paraffin for
histopathological study. The remaining portions were immediately frozen
and then stored at —80°C until PCR testing. With one patient, the
specimen from the left lobe was subjected to only virologic evaluation due
to its limited size. Paired serum samples were obtained from all patients at
laparoscopy and stored at —80 °C without thawing until virologic tests. Oof
the 48 patients, 27 (Table 1) were treated with enhanced intesferon (IFN)
monotherapy. After laparoscopy, 3 MU of IEN- (Feron, Toray Co., Tokyo,
Japan) was administered twice a day for 2 weeks followed by 9 MU of IFN-
o (Sumiferon, Sumitomo Pharm. Co., Osaka, Japan) daily for 2 weeks and
thrice weekly for 20 weeks. The study was approved by the local research

Table 1
Baseline patient characteristics before IFN therapy
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ethics committee in accordance with the 1975 Declaration of Helsinki, and
all patients provided written informed consent.

2.2. Virologic testing

Circulating HCV genomic RNA was quantified by a PCR assay
(Amplicor HCV Monitor Test version 2.0, Roche Diagnostics K.K.). HCV
RNA of Z6.4 log copies/mL was measured after serum dilution. HCV
genotypes were determined by a PCR genotyping system {5].

2.3. Positive- and negative-strand HCV RNA quantitation
by rTth-based strand-specific real-time reverse-transcrip-
tion polymerase chain reaction (RT-PCR)

Strand-specific TagMan RT-PCR was designed to quantify the 5!
untransiated region of the HCV genome using a thermostable enzyme, rTth
(Applied Biosystems, Foster City, CA). Total hepatic RNA, 100 ng, was
added to an RT reaction mixture containing 2 uL of 10X RT buffer
(Applied Biosystems), 20 nmol of MnCl, 5 U of 1Tth, 24 U of RNasin
(Promega, Madison, WI), 4 nmol of each dNTP, and 10 pmol of sense
primer HCV-20F (5'-CGACACTCCACCATGAATCACT-3') for the
negative-strand assay or antisense primer HCV-114R (5-GAGGCTG-
CACGACACTCATACT-3') for the positive-strand assay. The RT reaction
was performed in a final volume of 20 pL at 70 °C for 60 min. The reaction

i

Age

Sex

Transfusion history
ALT

Liver histology
Grading score”

Staging score”

Between-lobe grade discrepancy
Between-lobe stage discrepancy

HCV genotype

Serum HCV RNA

+ Strand®

— Strand”

—/+ Strand ratio®

Between-lobe +strand discrepancy

HBYV antibody (anti-HBc and/or anti-HBs)

Liver HBV DNA

<50 11 (41%)
=50 16 (59%)
Male 16 (59%)
Female 11 (41%)
+ 9 (33%)
- 18 (67%)
<2XULN 17 (63%)
22XULN 10 (37%)
<7 17 (63%)
>1 10 (37%)
<4 19 (70%)
24 8 (30%)
+ 10 (38%)
- 16 (62%)
+ 9 (35%)
= 17 (65%)
1 21 (78%)
2 6 (22%)
<5.4 log copy/mL 6 (22%)
> 5.4 log copy/mL 21 (78%)
<5 log copy/100 ng RNA 6 (22%)
>5 log copy/100 ng RNA 21 (78%)
<4 log copy/100 ng RNA 9 (33%)
=>4 log copy/100 ng RNA 18 (67%)
<0.1 14 (52%)
>01 13 (48%)
+ 4 (15%)
- 23 (85%)
+ 7 (26%)
- 20 (74%)
+ 2 (%)
~ 25 (93%)

® Mean values of right and left liver Jobes.
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was then treated with 5 uL of 10X chelating buffer (Applied Biosystems),
75 nmol of MgCl,, 10 nmol of each dNTP, 10 pmol of antisense primer
HCV-114R for the negative-strand assay or sense primer HCV-20F for the
positive-strand assay, and 5 pmol of TagMan probe HCV-P43 (5'FAM-
CCCTGTGAGGAACTACTGTCTTCAC-GCAGATAMRA3Z’). The final
volume was adjusted to 50 pL. The samples were promptly set in an ABI
PRISM 7700 Sequence Detection System (Applied Biosystems) and
incubated at 70 °C for 2 min and then at 94 °C for 2 min. Real-time PCR
amplification and data analysis were subsequently performed for 45 cycles
(94 °C for 20 s and 62 °C for 1 min). Copy numbers of the 95-base target
sequence were determined using the standard curve based on measurements
of serial 10-fold dilutions of synthetic positive- and negative-strand HCV
RNA. The sensitivity was 2 log copies/reaction for the positive-strand assay
and 3 log copies/reaction for the negative-strand assay. The dynamic ranges
were 2-7 log copies/reaction and 3-7 log copies/reaction, respectively. In
each assay, false detection of an incorrect strand occurred when the amount
of incorrect strand added reached 7 log copies. The positive- and negative-
strand quantitation before normalization was =6.4 and =59 log
copies/100 ng liver RNA, respectively, in this study. Thus, the strand-
specificity was unlikely to be affected by an excess of incorrect strands.
Self-priming or endogenous priming was ruled out by the lack of
amplification product following RT-PCR of total hepatic RNA without
primers in the RT mixture. All assays were done in duplicate, and the mean
values were obtained. Hepatic RNA samples from the same liver were
always measured in the same run.

The HCV-specific primers and probe used are conserved among
genotypes. To verify that HCV genotypes Ib, 2a and 2b could be quantified
with similar efficiency, high-concentration serum samples of each genotype
were oblained from eight patients and diluted to 4.4 Jog copies/reaction by
Amplicor HCV Monitor version 2.0, which is known to equally amplify all
genotypes. The positive-strand HCV quantitation by the TagMan RT-PCR
was the same for genotypes b (5.3+0.7), 2a (5.51£0.4) and 2b (494
0.5 log copies/reaction) (P=0.141 by one-way analysis of variance).

2.4. Normalization of hepatic HCV RNA amounts and
criteria for between-lobe discrepancies

GAPDH mRNA in total hepatic RNA, 100 ng, and control total RNA
(Raji cell line), 100 ng, was also quantified by real-time RT-PCR, and copy
numbers were determined using the standard curve (Human GAPD
Endogenous Control, Applied Biosystems). Hepatic HCV RNA and
GAPDH mRNA quantitation, which were performed in separate tubes,
showed a linear relationship with the amounts of target RNA (Fig. 1). The
HCV RNA copy number was divided by the ratio of the sample GAPDH

9 4

HCV RNA +strand (log copy)
ot
HCV RNA -strand (log copy)
o ()]
1 ]

N
1

mRNA amounts to the TagMan control value. Thus, normalized hepatic
HCV RNA amounts were obtained and used for data analysis. In
preliminary experiments, assay variance for the log,q transformed HCV
RNA quantitation before normalization was evaluated based on five
measurements of 10 liver samples (intra-assay coefficients of variation
(CVs)=0.88-2.85% and inter-assay CVs=1.19-6.91% for the positive-
strand assay; intra-assay CVs=227-9.72% and inter-assay CVs=1.52~
18.11% for the negative-strand assay). Assay variance was greater for the
negative-strand assay, which may be attributable to interfering factor(s)
such as a large amount of positive strands in the RT reaction. The mean SDs
of intra-assay variance were 0.106 and 0.081 for <5 and Z5 log copies,
respectively, in the positive-sirand assay, whereas they were 0.374, 0.256
and 0.158 for <4, 4-5 and Z 5 log copies, respectively, in the negative-
strand assay. The HCV RNA quantitation was assumed to vary within twice
these SDs. Between-lobe HCV RNA differences were considered
significant when the normalized HCV RNA amounts differed by more
than the estimated variance for normalized values. All discrepancies were
confirmed by repeating the assays.

2.5. Detection of liver hepatitis B virus (HBV) DNA by
nested PCR

Total hepatic DNA, 100 ng, was subjected to nested PCR to amplify
HBV DNA. The primers were set in the surface region (outer sense 5'-
TCGTGTTACAGGCGGGGTTT-3'; outer antisense 5'-CGAACCACT-
GAACAAATGGC-3'; inner sense 5'-CAAGGTATGTTGCCCGTTTG-3';
inner antisense 5'-GGCACTAGTAAACTGAGCCA-3') and the X region
(outer sense 5-GCATGGAGACCACCGTGAA-3": outer antisense 5'-
CAGACCAATTTATGCCTACAG-3'; inner sense 5-TACATAAGAG-
GACTCTTGGACT-3'; inner antisense 5-CAGACCAATTTATGCCTA-
CAG-3'). PCR products (233 and 151 bp, respectively) were visualized by
3% agarose electrophoresis and ethidium bromide staining. All assays were
done in duplicate. The sensitivity was 1 copy/100 ng liver DNA for each
primer set. To avoid contamination in all PCR assays, the contamination
avoidance measures [6] were strictly applied throughout the study, and
positive and negative controls were used.

2.6. Histologic evaluation

After routine staining with hematoxylin-eosin, all liver biopsy
specimens were examined by the same experienced pathologist without
knowledge of their source. Biopsy specimens were semiquantitatively
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Fig. 1. Changes in hepatic HCV RNA and GAPDH mRNA quantitation in separate tubes according to the amounts of target RNA. Serial dilutions of
total hepatic RNA, 100 ng, were subjected to real-time RT-PCR, and copy numbers were determined using the standard curve. The copy number (log)
showed a linear relationship (P <0.001) with the amounts of target RNA expressed as dilution (log) (y =8.86 +0.90x [n=9, r=0.985] for positive-
strand HCV RNA, y=6.27 +0.96x [n =6, r=0,976] for negative-strand HCV RNA andy=35.27+1.13x [n=9, r=0.998] for GAPDH mRNA). Data are
the mean+2SD of triplicate measurements, Pearson’s correlation test was performed to examine the relationship.
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evaluated using the modified histologic activity index described by Ishak
et al. [7].

2.7. Statistical analysis

Viral load was logyo transformed to obtain a more symmetrical
distribution without outliers. An arbitrary value of 0 log copy/100 ng liver
RNA was attributed to the liver tissues negative by PCR. Data on
continuous variables were presented as mean £ SD unless otherwise stated.
Statistical analysis for group comparisons was performed using the
Wilcoxon nonparametric test. Correlations between the variables were
calculated using Spearman rank order correlations. To assess variables
potentially related to virologic and histologic between-lobe discrepancies
and responses to IFN, stepwise multivariate logistic regression models were
used. All analyses were done with SAS (version 8.02) (SAS Institute, Inc.,
Cary, NC). A P value of less than 0.05 (2-tailed) was considered to indicate
significance.

3. Results

3.1. Amounts of positive- and negative-strand HCV RNA in
right (R) and left (L) liver lobes

Normalized positive-strand HCV loads in the right liver
lobe (median, 5.9; range, 2.5-8.5 log copies/100 ng liver
RNA) showed a correlation with those in the left liver lobe
(median, 6.0; range, negative to 6.8 log copies/100 ng liver
RNA) (r=0.950; P <0.001) (Fig. 2A). Six (13%) of the 48
patients had a between-lobe discrepancy of 0.3-2.2 log. The
discrepancy was related to gender (6 [26%] of 23 women vs.
none of 25 men) (odds ratio 10.9 [95% CI 1.3-90.9], P=
0.027). Fig. 2B shows a correlation between normalized
negative-strand HCV loads in the right lobe (median, 4.09;

A Liver positive-strand HCV RNA

HCV RNA in the left liver lobe (log copy/100ng liver RNA)
(=2
1
%O% ?
°

Negative ~ e
I A/ I i 1 1 1 1 ) 1

Negative 2 3 4 5 6 7 8 9
HCV RNA in the right liver lobe{log copy/100ng liver RNA)

range, negative to 7.2 log copies/100 ng liver RNA) and the
left lobe (median, 5.0; range, negative to 6.3 log copies/
100 ng liver RNA) (r=0.920; P <0.001). A discrepancy of
2.0 log was seen in one (2%) patient (Table 2).

In 38 patients with detectable levels of positive and
negative strands in each liver lobe, the ratio of negative- to
positive-strand HCV (median, 0.14; range, 0.01-0.81 for R
and median, 0.13; range, 0.03-0.45 for L) increased
according to negative-strand liver HCV (r=0282; P=
0.086 for R and r=0.441; P=0.006 for L) (Fig. 3). The
ratio showed no correlation with positive-strand liver HCV
(r=—0.192; P=0.248 for R and r= —0.097;, P=0.564 for
L) and circulating HCV (r==0.154; P=0.355 for R and r=
0.106; P=0.527 for L). Serum HCV RNA loads ranged
between 3.1 and 7.6 log copies/mL (median, 6.1), and
displayed a relation to the positive-strand liver HCV
quantitation (r=0.604; P <0.00! for R and r=0.634; P <
0.001 for L) and the negative-strand liver HCV quantitation
(r=0.632; P<0.001 for R and r=0.609, P <0.001 for L).

3.2, Determinants of positive- and negative-strand HCV
RNA amounts in the liver

The amounts of positive- and negative-strand HCV in
each liver lobe were correlated with patient characteristics
including age, gender, mode of infection, duration of
infection estimated from years after blood transfusion,
serum alanine aminotransferase (ALT) levels, histologic
grade and stage, HCV genotypes and detection of HBV
DNA in the corresponding liver lobe. An inverse correlation
was found between the negative-strand liver HCV
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Fig. 2. Correlations between positive-strand HCV RNA levels of the right and left liver lobes (r=0.950; P <0.001) (A) and between negative-strand
HCV RNA levels of each liver lobe (=0.920; P <0.001) (B) in the 48 chronic hepatitis C patients. Between-lobe discrepancy of the viral loads was
found in six (13%) patients for positive-strand HCV RNA and one (2%) patient for negative-strand HCV RNA (closed circles).
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Table 2
Normalized positive- and negative-strand HCV RNA amounts in the right and left liver lobes in 48 chronic hepatitis C patients
Patient Age (years) Positive-strand HCV RNA® Negative-strand HCV RNA*® HBV DNA®

Right Left Right Left Right Left
1 62 5.96 6.08 523 4.80 - -
2 47 6.88 6.73 6.18 6.26 - —
3 66 4.48 4,74 3.59 3.58 - -
4 52 6.68 6.60 5.90 553 - —
5 68 6.38 6.62 5.28 5.04 — -
6 49 6.04 5.79 4.98 4.89 - -
7 64 6.11 6.00 4.99 5.36 - -
8 49 6.54 6.48 5.94 5.72 - -
9 54 8.51 6.30° 7.18 5.20° - -
10 46 6.30 6.26 5.23 4.86 - -
11 67 4.49 4.63 4.28 4.04 — —
12 57 5.80 5.83 5.08 4.97 - -
13 53 4.53 4.25 - - - —
14 48 5.69 5.62 4.83 4.57 - -
15 48 5.97 6.04 4.91 5.15 - -
16 57 5.48 5.30 4.71 4.30 - -
17 33 6.89 6.76 6.08 5.92 - +
18 57 5.65 5.79 4.64 4.83 — -
19 69 3.68 3.38 - - — -
20 64 6.41 6.26 5.11 4.84 - -
21 59 6.20 6.04 538 5.40 - -
22 56 5.86 6.36° 5.76 5.97 - -
23 67 5.45 5.57 4.86 5.15 - -
24 38 6.28 6.20 5.81 5.63 - -
25 48 2.49 2.18 - - - —
26 60 2.83 2.68 - - — -
27 48 5.28 5.30 4.04 4.95 - -
28 68 5.80 4.80° - - - —
29 44 5.62 5.68 4.85 4.96 - -
30 43 3.20 - - - - -
31 58 6.70 6.64 5.46 5.26 - -
32 56 6.63 6.67 6.43 6.26 - -~
33 45 6.28 597 5.20 5.15 - -
34 50 6.36 6.32 593 57 + +
35 63 5.11 5.43° 4.49 4.28 - -
36 70 4.71 4.62 - - - -
37 52 6.83 6.72 4.80 5.30 - -
38 41 3.56 2.23¢ - - - —
39 51 6.41 6.52 5.70 5.62 + +
40 67 5.64 551 - - — —
41 61 3.52 3.57 - - — -
42 52 5.91 5.97 5.08 5.11 — -
43 59 6.18 6.30 5.38 5.32 - -
44 57 6.48 6.23 5.48 5.40 - -
45 67 5.15 5.26 3.75 4.08 - -
46 58 6.68 6.73 5.56 5.75 + +
47 62 6.30 6.34 4.89 5.20 - -
48 66 5.85 5.63 4.85 4.79 - -

* Hepatic HCV RNA amounts were normalized to GAPDH mRNA amounts and expressed as log copy/100 ng liver RNA.

b Liver HBV DNA was detected by nested PCR using two sets of primers in the surface and X regions, respectively.
¢ Between-lobe differences in the normalized HCV RNA amounts were considered significant according to the intra-assay variance-based criteria.

quantitation and age (r=—0.322; P=0.026 for R and
r=—0.340; P=0.018 for L). The positive-strand liver
HCV quantitation, however, had no relation to age
(r=-—0.237;, P=0.104 for R and r=—0.216; P=0.140
for L) (Fig. 4). The amounts of positive- and negative-strand
liver HCV did not differ between 38 patients with HCV

genotype Ib and 10 patients with genotype 2 (seven with
genotype 2a and three with genotype 2b), but were affected
by concomitant liver HBV, By using X primers, HBV DNA
was detected in both liver lobes in three patients and only in
the left lobe in another patient. None of the patients tested
positive for liver HBV DNA using surface primers. The four
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Fig. 3. Direct variation of ratios of negative- to positive-strand HCV RNA in liver tissues in relation to HCV replication, assessed by negative-strand
HCV RNA in the right liver lobe (»=0.282; P =0.086) (A) and the left liver lobe (»=0.441; P=0.006) (B).

HBV DNA-positive liver tissue samples from the left lobe
contained larger amounts of positive and negaiive strands
than the 44 HBV DNA-negative tissues (6.6 0.2 vs. 5.4+
1.4; P=0.007 and 5.8+0.1 vs. 3.91+2.2 log copies/100 ng
liver RNA; P=0.006, respectively). For the right liver lobe,
the positive- and negative-strand liver HCV quantitation
also tended to be high in the three HBV DNA-positive liver
tissues (6.5+0.2 vs. 5.6+ 1.2; P=0.081 and 5.7+0.2 vs.
4.0+2.3 log copies/100 ng liver RNA; P=0.049, respect-
ively). None of the patient characteristics examined showed
a relationship to the ratio of negative- to positive-strand
HCV and serum HCV RNA load.

3.3. Histologic variation between right and left liver lobes

The total necroinflammatory grade ranged between 2 and
10 (median 7) in each liver lobe (P=10.295 by signed rank
test). The fibrosis stage ranged from 1 to 6 (median 4) in the
right lobe and from 2 to 6 (median 3) in the left lobe (P=
0.614). Fig. 5 shows the histologic between-lobe variation
among the 47 patients studied. Eleven (23%) patients
showed differences of the necroinflammatory grade defined
as a difference of Z2 points, and 19 (40%) patients of the
fibrosis stage defined as difference of =1 point. The
between-lobe variation in the HCV quantitation had no
impact on the histologic variation. The mean grading score
of the right and left liver lobes was <7 in 10 (91%) out of
the 11 patients with a grade difference compared with 16
(44%) out of the 36 patients without it (odds ratio 6.5 [95%
CI 1.3-33.3], P==0.025). The difference in the fibrosis
stage, however, had no relation to any of the patient
characteristics examined.

3.4. Factors influencing the efficacy of IFN treatment

Eighteen (67%) out of the 27 patients were negative for
serum HCV RNA at the end of treatment, and eight (30%)
patients displayed sustained HCV clearance over 6 months
posttreatment. The end-of-treatment virologic response was
independently associated with an absence of between-lobe
discrepancy of the necroinflammatory grade (odds ratio 0.2
[95% CI 0-0.9], P=0.042). However, the amounts of
negative-strand HCV RNA in the liver were identified as the
only independent predictor of a sustained virologic
response. The mean negative-strand quantitation of the
right and left liver lobes was <4 log copies/100 ng liver
RNA in all sustained virologic responders (SVRs) compared
with I (5%) of the 19 non-SVRs (odds ratio 85.4 [95% CI
5.4-999], P=0.002).

4. Discussion

Little has been known about the clinical significance of
quantifying negative-strand RNA-replicative intermediates
in the liver. The present study analyzed the ratio of liver
negative- to positive-strand RNA. This ratio is the most
reliable parameter since it does not depend on genotypes or
normalization to the cellular GAPDH mRNA quantitation.
For each liver lobe, the median ratio of 0.1 was similar to
that found with cell-based HCV replicon systems [8].
Importantly, it was disclosed that the ratio was not constant
but varied by 2 log values in relation to the intrahepatic
HCV-replicative status. These observations suggest that the
negative-strand quantitation is not merely a reflection of
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Fig. 4. Liver HCV RNA levels in relation to age and occult HBYV infection in 48 chronic hepatitis C patients. No relationship was evident between age
and positive-strand HCV RNA levels of the right liver lobe (r= —0.237; P=0.104) (A) and the left liver lobe (r=—10.216; P=0.140) (B), whereas
inverse correlations were found between age and negative-strand HCV RNA levels of the right liver lobe (r= —0.322; P=0.026) (C) and the left liver
lobe (r=—0.340; P =0.018) (D). HBV DNA-positive liver tissues. (closed circles) contained higher levels of positive-strand HCV RNA (P=0.081 for
the right liver lobe and P=0.007 for the left liver lobe) and negative-strand HCV RNA (P=(0.049 for the right liver lobe and P=0.006 for the left

liver lobe).

liver positive strands but should serve as a distinct HCV
replicative marker.

Chronic hepatitis C is known as a disease with uneven
distribution of lesions in the whole liver [9]. Previous studies
have shown a correlation between positive-strand HCV RNA
levels of the right and left liver lobes [9,10]. The present study
demonstrated a close correlation between lobes not only for
positive strands but also for negative strands. Thus, HCV
replication within the liver was shown to be uniform, and a
single biopsy seemed generally representative of the whole
liver. Although the between-lobe variation of HCV RNA

loads should be interpreted with caution when the difference
is small, it was only found in women, raising a possibility that
sex hormone(s) and sex-linked genetic factor(s) are involved
in the heterogeneity of HCV replication. In the present study,
the amounts of positive- and negative-strand HCV and the
ratio of negative to positive strands showed no correlation
with the necroinflammatory grade and the fibrosis stage.
However, we must stress the possibility that the HCV
replication level, especially that assessed by negative strands,
may have some relevance to histologic features such as
steatosis [4].
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Factors affecting HCV replication within the liver have
been the subject of controversial discussions from the
standpoint of the liver and circulating positive strands.
Based on the negative-strand level, HCV replication in each
liver lobe was shown to be inversely correlated with age.
The efficiency of negative-strand RNA synthesis can be
influenced by various host factors at multiple levels [11].
The data obtained raise the possibility that some age-related
factor(s) may be involved in the regulation of HCV
replication within the liver. The present study further
showed that liver tissues with concomitant occult HBV
contained larger amounts of negative- and positive-strand
HCV RNA. Among HCV patients, those carrying occult
HBV can manifest severer liver disease and display a poor
response to IFN [12]. Occult HBV may also have relevance
for hepatocarcinogenesis [13], although the mechanism
remains to be clarified. Although further studies are
necessary, the data obtained raise the possibility that occult
HBYV exerts virulence partly by enhancing HCV replication.

As for IFN-based therapy, only limited data are available
on the significance of the liver negative-strand HCV RNA
quantitation. In a previous semiquantitative study, the
negative-strand levels were not related to the outcomes of
short-term IFN-a therapy (3 MU thrice weekly for 10
weeks) [2]. Our patients were treated with 6-month
enhanced IFN monotherapy [14]. A sustained virologic
response was only associated with small amounts of liver
negative-strand HCV RNA (<4 log copies/l00 ng liver
RNA). Based on these preliminary data, further studies are
warranted in populations treated with the currently standard
regimen of peginterferon and ribavirin.

In conclusion, our findings combined indicate that liver
negative-strand HCV RNA quantitation offers clinically
relevant information distinct from that available from
positive strands within the liver and in the circulation.
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Persistence of Acute Infection With Hepatitis B Virus
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Among the 97 adult patients with acute hepatitis
B who were admitted to the Toranomon Hospital
in Metropolitan Tokyo during 28 years from 1976
to 2003, 31 (32%) were infected with hepatitis B
virus (HBV) genotype A, nine (9%) with genotype
B, 44 (45%) with genotype C, one (1%) each with
genotypesEandF. HBVinthe remaining 11(11%)
patients were untypeable. All the 31 patients with
acute hepatitis B caused by HBV genotype A
infection were male with a median age of 31 years,
and 16 (52%) contracted infection through extra-
marital sexual contacts. The baseline HBV DNA
level was higher in the seven (23%) patients in
whom infection with HBV genotype A persisted
than the remaining 24 (77%) with spontaneous
resolution (median: >8.7 vs. 6.0 log genome
equivalents/ml, P=0.004). Persistent infection
was more frequent in patients with maximum
alanine aminotransferase <500 IU/L than >500 U/
L (83% [5/6] vs. 4% [1/25], P=0.0001). Of the six
patients with persistent HBV genotype A infec-
tion who received interferon and/or lamivuidine
for treatment of chronic active hepatitis, three
{50%) responded with the loss of hepatitis B e
antigen (HBeAg); hepatitis B surface antigen
(HBsAg) was cleared from serum in one patient
who received interferon and lamivudine in
sequence. HBV genotype A persisted along with
HBeAg in the remaining three patients given
antiviral therapy as well as another who was not
treated. In conclusion, infection with HBV geno-
type A prevails in patients with acute hepatitis B
in Japan where genotypes B and C are common,
is often contracted sexually (16/31 [52%]) and
tends to persist {7/31 [23%]). Infection was cleared
in only one of the six (17%) patients who received
antiviral therapy. J. Med. Virol. 76:33-39,
2005. © 2005 Wiley-Liss, Inc.

© 2005 WILEY-LISS, INC.

KEY WORDS: acute hepatitis; chronic hepatitis;
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INTRODUCTION

Approximately 350 million people are infected persis-
tently with hepatitis B virus (HBV) throughout the
world [Lee, 1997], and most reside in Asia and Africa.
There are eight genotypes of HBV, defined by a sequence
divergence in the entire genome exceeding 8%, and are
designated by capital alphabet letters from A to H in
the order of discovery [Okamoto et al., 1988; Norder
et al., 1992; Stuyver et al., 2000; Arauz-Ruiz et al., 2002].
Genotypes of HBV have distinct geographical dis-
tributions [Magnius and Norder, 1995; Lindh et al.,
1997; Miyakawa and Mizokami, 2003}, and are asso-
ciated with the severity of liver disease and responses to
antiviral treatment [Chu and Lok, 2002; Kao, 2002;
Miyakawa and Mizokami, 2003].

In countries highly endemic for HBV, such as China
and Africa, the carrier state is established mainly
through horizontal transmission during infancy [Botha
et al., 1984; Yao, 1996]. In Europe and the United States
where the prevalence of HBV is low, by contrast, persis-
tent infection occurs predominantly by infection in

Grant sponsor: Ministry of Health, Labour, and Welfare of
Japan.

*Correspondence to: Yoshiyuki Suzuki, Department of Gastro-
enterology, Toranomon Hospital, 1-3-1, Kajigaya, Takatsu-ku,
Kawasaki City 213-8587, Japan.

E-mail: vj7m-kbys@asahi-net.or.jp

Accepted 15 October 2004

DOT 10.1002/jmv.20320

Published online in Wiley InterScience

(www.interscience.wiley.com)

— 278 —



34

adults. Japan is exceptional in that perinatal transmis-
sion from infected mothers had been the main route of
persistent HBV infection [Okada et al., 19761, before the
national immunoprophylaxis program for babies born to
carrier mothers was launched in 1986 [Noto et al., 2003].

In Japan, genotypes B and C prevail and together they
account for more than 95% of persistent HBV infection
[Orito et al., 2001; Kobayashi et al., 2002, 2003].
Acute infection with HBV genotype A keeps increasing,
however, particularly in men with extramarital sexual
contacts [Kobayashi et al., 2002, 2003, 2004; Ogawa
et al., 2002]. Infection with HBV genotype A in the adult
has a high propensity to become chronic, which would
contribute to the persistent carrier state in Western
countries where the perinatal or childhood transmission
of HBV is rare [Heijtink et al., 1999; Lindh et al., 2000].

During 28 years from 1976 to 2003, 31 patients were
diagnosed with acute hepatitis B who were infected
with HBV genotype A at the Toranomon Hospital in the
Metropolitan Tokyo. The infection persisted in seven
(23%) patients accompanied by biopsy-proven chronic
hepatitis B. Their clinical course were followed with a
special reference to the response to antiviral treatment.

MATERIALS AND METHODS
Patients With Acute Hepatitis B

During 28 years from August 1976 through September
2003, 97 patients were diagnosed with acute hepatitis
B at the Department of Gastroenterology at the
Toranomon Hospital in Metropolitan Tokyo. Genotypes
of HBV were A in 31 (32%) of them, B in nine (9%), C in
44 (45%), E and T in one (1%) each, while they were
untypeable in the remaining 11 (11%). The 31 patients
with acute hepatitis B caused by infection with HBV
genotype A were followed clinically and examined
virologically. Seven of them (23%) developed persistent
HBV infection accompanied by chronic hepatitis B, and
six received antiviral therapy and evaluated for the
response. All the patients possessed IgM antibody to
hepatitis B core (anti-HBc) in high titers, but they were
negative for antibody to hepatitis delta virus, IgM
antibody against hepatitis A virus or antibody to
hepatitis C virus. A number of these patients have been
reported previously with respect to clinical features
[Kobayashi et al., 2003], perpetuation of acute infection
[Kobayashi et al., 2002] and shifts of HBV genotypes
with time [Kobayashi et al., 2004]. The study protocol
conformed to the 1975 Declaration of Helsinki, and
was approved by the Ethic Committee of Toranomon
Hospital. An informed consent for this study was
obtained from each patient.

Serological Markers of HBV Infection

Hepatitis B surface antigen (HBsAg) was determined
by hemagglutination (MyCell, Institute of Immunology
Co., Ltd., Tokyo, Japan) and hepatitis B e antigen
(HBeAg) by enzyme-linked immunosorbent assay
(ELISA) with commercial kits (ELISA, F-HBe; Kokusai
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Diagnostic, Kobe, Japan). Anti-HBe of IgM class was
determined by radioimmunoassay (HBc-antiM RIA,
Dinabot, IL). HBV DNA was determined by trans-
cription-mediated amplification and hybridization
assay (TMA; Chugai Diagnostics, Tokyo, Japan) and
the results were expressed as log genome equivalents
(LGE) per milliliter of serum, over a detection range
from 3.7 to 8.6 LGE/ml.

Genotypes of HBV

The six major genotypes (A-TF) were determined by
ELISA by the combination of epitopes on preS2-region
products by monoclonal antibodies which is specific
for each of them [Usuda et al., 1999, 2000] by com-
mercial assay kits (HBV GENOTYPE EIA; Institute of
Immunology, Co., Ltd., Tokyo, Japan). Genotype G was
determined by the preS2 serotype for genotype D and
HBsAg serotype adw [Kato et al., 2001]; the combination
is specific for this genotype.

Genetic Subgroups of Genotype A

Subgroups of genotype A designated Ae prevalent in
Europe and Aa frequent in Africa, as well as Asia
[Sugauchi et al., 2004] that correspond to subgroup A’
reported originally by Bowyer et al. [1997], were
determined by the nucleotide (nt) sequence in the S
gene specific for each of them [Sugauchi et al., 2003].
Briefly, nucleic acids were extracted from serum and a
sequence of the large S gene was amplified by polymer-
ase chain reaction (PCR) with nested primers. The first-
round PCR was carried out with BGF1 (sense, 5'-CTG
TGG AAG GCT GGC ATT CT-3' [nt 2,757-2,776)) and
BGR2 (antisense, 5-GGCAGG ATA GCC GCATTGTG-
3’ [nt 1,050—1,079]) primers, and the second-round PCR
with PLF5Bm (sense, 5-TGT GGA TCC TGC ACC GAA
CAT GGA GAA-3 [nt 136-162]) and BR112 (antisense,
5-TTC CGTCGACATATC CCATGAAGTTAA GGG A-
3' [nt 865—895]) as well as BGF5 (sense, 5'-TGC GGG
TCA CCA TAT TCT TG-3' [nt 2,811-2,830]) and BGR6
(antisense, 5-AGA AGT CCA CCA CGA GTC TA-3
[nt 249—-268)) for 35 cycles each (94°C, 1 min {5 min in
the first cycle]; 53°C, 2 min; and 72°C, 3 min [7 minin the
last cycle]). The amplification products were run on gel
electrophoresis and stained with BIG Dye (Applied
Biosystems, CA). The they were purified by Qiquick
PC purification kit (Qiagen, Hilden, Germany), and
sequenced in AGI Prism 310 Genetic Analyzer (Applied
Biosystems).

Antiviral and Other Treatment

Patients in whom HBV infection persisted and with
chronic hepatitis diagnosed by liver biopsy, received
interferon (IFN) or lamivudine, or both in sequence.
Natural IFN-2 (Smiferon; Sumitomo Pharmaceutical
Co., Ltd., Tokyo, Japan) or IFN-B (Feron, Toray Co.,
Ltd., Tokyo, Japan) in a dose of 3 or 6 mega units (MU)
was injected subcutaneously two or three times in week
(tiw) for up to 1 year with or without induction by 6 MU

— 279 —



Acute Infection With HBV Genotype A in Japan

daily for 8 weeks. Lamivudine (Glaxo-Welcome, Green-
ford, UK) was given orally at a daily dose of 100 mguntil
HBeAg was lost from serum in responders, and
continued indefinitely in non-responders who failed to
achieve HBeAg seroconversion. The response to anti-
viral treatment was defined by the loss of HBeAg from
serum accompanied by normalization of ALT levels and
clearance of HBV DNA determined by the TMA method
with the detection limit of 3.7 LGE/ml.

Some patients had received glycyrrhizin either intra-
venously (Stronger Neo-Minophagen C [SNMC]; Mino-
phagen Pharmaceutical Co., Ltd., Tokyo, Japan) or
orally (GLYCYRON Tab; Minophagen Pharmaceutical
Co., Ltd.), with or without oral ursodeoxycholic acid
(UDCA; Mitsubishi Welpharmar Co., Ltd., Tokyo,
Japan), before they were referred to the Toranomon
Hospital.

Statistical Analysis

Categorical variables were compared between groups
by the y*-test or Fisher’s exact test, and non-categorical
variables by the Mann—Whitney U-test.

RESULTS

Patients With Acute Hepatitis B Infected
With HBV Genotype A

Infection resolved spontaneously in 24 of the 31
patients with acute hepatitis B who were infected with
HBV genotype A, while it persisted in the remaining
seven (23%) patients none of whom carried human
immunodeficiency virus type 1. The persistence of acute
infection tended to be more frequent in patients infected
with HBV genotype A than those with genotype B (1/9
[11%]), or C (3/42 [7%]); one each patient infected with
genotypes E and F cleared infection.

Table 1 compares demographic, clinical, and viro-
logical characteristics between patients in whom HBV
infeetion did and did not persist. All the seven patients
with chronic HBV infection were men, and tested
negative for HBsAg in serum before they developed
acute hepatitis; HBsAg persisted in them during
6 months or longer after they first tested positive for it.
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Of the 31 patients with acute infection with HBV
genotype A, 16 (62%) confided having had extramarital
sexual contacts. Homosexual activities were experi-
enced somewhat more frequently in patients with than
without persistent HBV infection (4/7 [57%] vs. 5/24
[22%]).

The maximum median ALT level was significantly
lower (234 vs. 1,836 TU/L, P=0.0001), while median
HBV DNA level was significantly higher (median:
>8.7 vs. 6.0 LGE/ml, P=0.004) in patients in whom
HBYV genotype A infection persisted than in those who
cleared it (Table I). None of the eight patients with
HBV DNA <5 LGE/ml developed persistent infection.
Infection persisted significantly more often in patients
with the maximum ALT <500 IU/L than >500 IU/L (5/6
[83%] vs. 1/25 [4%], P = 0.0001).

Genetic subgroup of genotype A was Ae (the original
European type) in all the 20 patients for whom sub-
grouping was possible. None of them were infected with
HBV of subgroup Aa (Asian/African type corresponding
to A’ of Bowyer et al. [1997]). Of the seven patients
in whom infection persisted, five were infected with
HBYV of subgroup Ae; subgrouping was not feasible in the
remaining two (Cases 2 and 4 in Table IT).

Clinical Courses of the Seven Patients in Whom
Infection With HBV Genotype A Persisted

Of the seven patients in whom infection with HBV
genotype A persisted, six received treatment with
IFN and/or lamivudine after transfer to Tornomon
Hospital (Table II). They all had chronic hepatitis in
the first liver biopsy; it was undertaken before treat-
ment in five (71%). Three of them (50%) responded to
treatment with the clearance of HBeAg from serum,
normalization of ALT levels and loss of HBV DNA
determined by the TMA method with the detection limit
of 3.7 LGE/ml. In the remaining four patients, inclu-
ding the single one (Case 7) who did not receive antiviral
treatment due to the absence of active hepatitis,
infection with HBV genotype A persisted along with
HBeAg and fluctuating ALT levels in serum.

Figure 1 depicts clinical courses of the three patients
who responded to antiviral treatments. Case 1 received

TABLE 1. Baseline Characteristics of Patients With Acute Hepatitis Induced by
HBYV Genotype A in Whom Hepatitis Persisted or Resolved

Features Persisted (n="7) Resolved (n =24) Differences
Male 7 (100%) 24 (100%) NS°
Age (years)® 26 (21-54) 33 (25-56) NS
Sexual transmission 5 (71%) 11 (48%) NS
Homosexual 4 (67%) 5 (22%)
Heterosexual 1(13%) 6 (26%)
Maximum ALT (JU/L)* 234 (143-774) 1,836 (46--3,300) P=0.0001
HBsAg titer (2V)° 11 (11 to >13) 11 (8 to >18) NS
HBeAg-positive 7 (100%) 23 (96%) NS
HBV DNA (LGE/ml) >8.7 (6.3 to >8.7) 6.0 (<2.6 to >8.7) P=0.004

"Median values are shown with the range in parentheses.
Determined by the hemagglutination assay on-serial twofold dilutions of serum.

“Not significant.
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