DE 38K (74.5%) Th-o7ots, PRLE O AR FLRBIT PRI TIC DL O A8H (15.7%) FEL T, K FBERPAK EELOESN CTHBY 7
FrOEGEZITTO L OIEeh ol '

R F TN T I 25 %EE
12.5g/50mL

AlFEER 521 ‘ ‘ i No. 6
E¥EL DIRAHE REHSE
HAES-mERE #H&H E—HAFH |FEXRZFORS |REHELER
o 2010. 7. 8 L
— R IR NGB T VT NEE
%fg@n, ?‘ffeﬁmﬂ, %5‘}‘9&';,
TR+ 7 N T 2220 (B A TRAFAE) To 4R & gy n S8 g R | = T ALAE, BE=. 5546
BRFEA (B%R) | # $+§7ﬁ»?%§25(5$$?r%§%+ . HABEDIRRR |50 crrira e 2010 May | |
7= +ET LT I20% 5 M4/ 20mL{ B % -28: |17
R R ) | e e e 27-28; 1% A A
SR+F7 V71 25% i 12.50/50mL (B AFR+FAL)
O/NRBEIFT 262 % ) 7 18T RO A EIB L BREOHBVIER T U MO M < e s
B #0:/NRBEIFF 57 /1R (HBV) 3% ) 7 A ORILAERS - ILER & ARHTL . BAEOHBVRL T It ORI AZ T3, B LD EERERS
J7it KIRAE ST FARBRRS BT 7 — LR IS IER (R 1) . RIRAREESFIVNER (i) . RUKIRE LS - REERTE TOHSERRF
A —/NRRL (RIS (CBREOHEHBV v 7N IZ VT F IR L, ET =T L2
R TR T2, FERR2TIIL3301, MRS TP DA B ISTHIOHBYF ¥ U 7 B BEZ I TV, BRIIILAS: 1, e |28 1 17 /7 3720
BE |ssrlizs (07 ~1580) Thot, BRBATHRESTONOIINCEoM 1986 EUBIDMA R, LG OHERICATTRMLE, |BRTF7ATI
P | 1985 FTIC AL TV ORI 10281 T, fIRBRESIH (57.8%) . R FREM6H (5.9%)  BMSHI (4.9%) . KERI31IH (30.4%) , K8 | IR T F 7 /LTI 20% 54
R | 1ATBIEREINAYEE ST, —7, 19864EBIRRICHALZESIIE8sHI T, FIMREL5141 (60%) . X FREAR134(15.3%) | #hl2 j4g/20mL
g |B(2.4%)  KERI1041 (22.4%) Thote, BIRBROEGITI8SF ETICHAL TV OB LA, L TBIBBMLIZ, BIRBR [HR{-57 170 20% 5%
D DL REER 166, FEFLE ERE T HDVIEBER ICHBVER LS A LISER B 2200 T, REDTIHETHIZLB TEh o E R 10g/50mL
i
=

iERe  HBVEE IR B T AL B A 5 /PR OHBVR YU TIZRA L TVD, BIERROIBHI5% I T ED R TR TR E
ThY, EFEORFELZTILLGII, FHOLAE 7 ara— 2B A RIC T I ERRPE LR LB bS, T, KT m -1

M EE 7K ERYAL4E 2 5 TR, EAEOIIIC AR THOHARERRICHR2 = A—P D0 F o BEAXNDZENEEND, R
BIFNZ YW TIIHAEBROTHAE TSI e TES, HBVEY U 7 IR ~DOHBIGR T AN AF IR Hlp ¥ 2FTH &), SH%BHFLT

VK HEDHE, :

EEXEDER SHROXIE

BRFFRUANVA(HBY) BIERRE T HEEE A LB LB O/ [ZHETCOFERERER/ T — o BRI LA RA| DR 2 X
IRHBVH U7 BE ORUEE R GERE 8- 7L, == |FERSNTERY, $ROFEE LB LLAZVDS, HBVESRIZ BT 55
N—P VT I F LA DMHEMERIR R HRETHD, TR REZOWTSELEROIEIZEDD, 2B, HAFTF
IHNET, RENCLAHBVIRL D #REITRV S, TAABOMET |HTRBROEDARI) —= FELLUTIVRED B WS LR
BRI, ERE114ES B30 AT B I 1 04T B ITIR ooV A VA [BiEHIE R (CLEIA) BLUWINAT A7 A E A LT,

Tt 2N F = a Al E o THRIEEN 2D BRIV ANV AR
FH ARELELEBSEA TS, SOIZEERLIZ-DVWTHBY-
NATEMH THEZERHALTERY, B2MIEIFERENTNILE
Z5,

A R B b e
B (R
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AT72 BT LR

WS4-5 B BIN #e B IR Bh L R FLRB IHEE
t LZESEEICBY S BEEY 4 M ARRICOVTO
B '

W ORIE HIFEEE, s
BERARESHUILRAH

(B8] 1985 &4 % B B AT FRAM FBRI L 2848

FHfATE S i, HBV BRENTHBEIARICHRIS his. |

L Lzdte, 1985 SRR E T hi 5452 B RRIEFE
CHBRFEL TR, +ORERTHTHL, £2T 1985
FEPREICEE LEEEEO CHB £ RIS, TORIKY, 240
AEN LB ETo N

[k} ez CHBITR M. % 220 0, %152 A, iy
#4914k (3-368) Tha. 1985 MR (Young: Y
) k 1060-1985 (Middle : M ), 1960 B4 (OW: O B)
%40 IRICHELTHE L. HBVsubgenotype H. preS
EMOY{ Ly b y—I IV ABETHELS. SEROY L
7Py TYATTIFY IR -TER (VEM) £ KL
7.

[EH]YH12A MBS M 0B 101 AL Y Hii2tko 32%
Thot- YHOELERD, BFERA M, KTEBRN
3. BFRNTHE, 77 F /REMAN R THEARLCOR
BEThol {0 7T CHERIC ML B TRSTH
FHIFLIHN, RO FHTALh L EDHTH o AR
Bikfid, +hEhTd R EFEREEREETEN
#:. Y BE® HBVsubgerotype 13 10 fl Ce T, Ba & Ae 3 Th
ER1FITHor. BalR7 I VEYHLOBRET, Ae 1R
BRntnBkitfch o7 M, OB genotype Ce HF
Fi1 784%, 802% LMBETH o724 genotype Ae DAL
6.9%, 1.9% & MBS { ML T /e Y B HBe A (L
ARHETHY, T BCP/PC ERUGERTHo L. T RO
GU45A /2 PELHlD VEM Xz h o/, y B4 AOEXNT £
BAFLIA, ERLEREBECILd ol

[£#R] BTRETHESHAIC VEM 25T CHB i o4
AARTFEMC, A MANERORETHAZLMTRSH
o 3 LUEO HBY BAE EOTEY, 485 b ik
B2 5 LENT O CHIE L RERMCO HBY FHitHE
FEAEND. BRI % 2 HH TN, KEREFL B
N, CHGEAEHLTRIZN—FVI I+ NEHEE2
3. £ 72 19 RTCOBRBEDERIEL L2 genotype Ae L,
M @ CHB.{ 8T genotype Ae XML THH, S high
risk group KHLTH 72 F Uy FORENSEEEDAD.
(5] BTRAM L NRPR R RELI CHB OB (BT

et

JRC2010T-027

51% suppl (1) (2010)

wS4-6 /AN B BIBFRF v 1) 7187 ﬁmmé%sg
& BTED HBYV B FRid S OmE S

XE9 !, wRdae, REEF, =87

fr| 2, "HR £

KRAFU R FRRBaRATE > & — LS - NAWE, |
REAKFERLZRRERFRMABEEINERF, KRR -
xz.ﬁ-.tm - BEESLE Y 5 —NERP

" (BOLMNEBERED £ A GBY) U 7 BEORKER 8

RERLWL, REO HBY BETHAROMEELHLM T,
(] AR RTREESERE Y 7 -HILE - WHER (KD
1), AERZESBMEH (D), BLUKREIAEN - £
ERL >y —NE# (K33 CEkE0dH 3 HBY ¥+ U TARK |
DO THFRM BRI L. _ 3
(Bl I 1 CH A, BE2TRINH ARITERAOY |

3187 D HBY £+ Y TABRESH TR BRIOH, KiE77 ;

ATHRL L | ERRAS ok, BUBHEMLPRELR (0

rA~15#) Thots ShbOEROBRERONT, BER

RTINS L) ko7 1985 EUNOBLRE, MBbe) -
HERIZSYCRALE. 1965 F2CIRBEL TORENI 102M
T, BRSSO W (578%) LTHE6 M (59%) K 5 (49%) 3

o AERR L (04%) TH LA TR ERRIBERLES T L,

BROHBY RO IREAHIL - b DRSPS T, ) BEWAHBeAg
%, 3 PI4°BBeAD RIEThots. REIOWTIIHOMBHS |
h, 25 HBeAg BUCH ol —F 1986 FLIRB A LI -
85 AT, BIEMESLH (60%), XFEAIIM (153%), MM2 -
F(24%), AT 19 (A%} Tho k! BRBROMEIL 1985
EECRHELTWRER LS, KTBRREML T §
.0 HBY BB REAUALL b O 29 ik ), 2B HBeAg Rl
Tholk. LRUTOVTILS Fit HBeAg RitE, 1 FACHBeAD Bt
Thot. BRMKO HEARES 16 5, FHREXHNHI |
IR HBY BA B L WA 22 AT, REOFIE TR |
BEB COLATELAS RERIAR BRATSR) THo s,
FIHRROFELMTOFRTICL 2 bORB HSTRIEELL,
RFERCATRROEH T, HB 72 F /ORI LRI T b0

oidat,
(5] HBY BRBETHAREAL L AROHBY ¥+ Y m;ﬁ o
LT3, RERED) b 15% RTFHRBOTZERTORET |

- FRETHY, BREOEBEFIL L L, FHAR O ba-2

BAFHEAAT, —MITBROBILLL genotypede F

ELi

38

ERRGERARAITE S LI Lo THEEINE 3 L EDNS. §
PRT I - Wi E &OZATIRIEN b 4 LW TH Y, 4
Dk CAKCHHELTMIHB 11— 0 ) 5 VA SR |
BIEHFBEND. BABEMIOVTH, HEROFHARTHY
CLTaT, HBY # v THRAO HBIG R 1 VAKRT
RUETI<ED, SRRHL TV LENHS.




B 21
EXL ARG AEHRGE

NO,

#EEFS-HER BER FE—HAFH |FEEKFORY LT
8 : ' 2010. 6. 22 ML
— BB T IN'R g | AR
RFHT, qzj’ﬁigfﬁ@&’ g
RAFT AT 00 (BEFRFFR oo ER 2 s 2 oo | TP SE58[E] B A - ARG
B (R §R+$7)v7'i‘/25(ﬁiiiﬁ’ﬁ+$?iﬁ) " HABEORRRE ﬁié@% 2010 May 28-30; [k
R ET T 20%KriE4g/20mL (A A FR-F
Tt T ) 3ﬁ+$?»ﬁyzo%ﬁmogg/50ml_(EI HRFR+FH) =7
RIFETATI/25%51%12.52/50mL ( A AFR+3Fit)

s L E

O 20094550 M BB B IMEE 045 5E B D fRAT LR ) ‘

LD 2009 - 2E 0 E A LIS S - 8 B E R E S (B VRIZ& L) OMATR R ERMESIC T A1 fiksl
FIEVARD B R AAET AR TAL | (BLTFGLMZESW B ik O BB RADORKREZRIRE T OWTHRET S,

SrEh & F I 2009 I EFESE L VRS SN ER R R EL  BRILE B RILE DRERESOMEBINAT, Ma%EE (R
B0 DM EHRERE) LBEREOREBICIVEIME DR REBFEEZ ML, -, EREBICBITIZRFORIMNBI%D
RO ERIE B %#2007, 200848 L LB LT,

R LR 10§ RBEDRE T8 (HBV 3741, HCV 2141, #E 204, »ARB19 24, HEY 14, CMV WJ)*CM 7]
i & DR FBERA RV EFEBLERFIE, HBV 561, HEV 14, RUHHE 15ITHh -, EREE TOCLIZE-S<HMAIE DR
FE B DR EHES (8 I T : HBsTUR/HBsHL{E/HBcHU A, Ein % : HBV-DNA) iZHBVIEHIT20074641 (8%) . 20084F124)

EALOTEREKNR-
O MmBERIFE

XE 88 © of 3 w3 &

HLEMERINT,

(20%) \ 200942941 (24%) TH 7z, ET-HCVIEF T (M el : HCV-RNA or HCVa7HUR/HCVHUE, iM% : HCV-RNA
or HCV=7HUR) 20074212451 (29%) . 200845541 (12%) « 20094541 (24%) Th-oTr, MBEEFCOEFEEICRBITABE N
PEOEREIL. 20072741 (90%) . 20085E4341(94%) | 2009422041 (100%) Th-oTe,
DOHEHEA2007TE 174 (57%) . 200843541 (76% ), 200941741 (85%) T -7z, _m;@\_a WEDGLAEFRBEIZEEL TY

Eie, EREENLDEREL v

BETEDOER

SEOX

2009E (2 2E O ERE LRSS i i B E R E ] (%
W EETe) DT R L ERMEEICRITA M ME A SRS
WRFEHSAETA | (BLTFGL) IC S\ e gt o0 B3E ik
DREZEIRIFIZIOVWTORETHD, 7233, 2000128 K
REETOREFIL984: (HBV 4561, HCV 2661, 41E 2341, <
ARB19 24, HEV 1), CMV 1)), #8455 B4 1in & oo K R BB
REWEEEHLIEFIIHBY 741, HEV 14, #iE 24ikiroTn
5, EFRES COGLIZZE- <M A1# O BE R D2009FEDHE
2 EFEE0E, HBVIER 91 (20%) . HCVIER] 941 (35%) . A
FEG D MBS SEFEE23H (100%) . ErERHEEAIPLDEREH
23w DRREERR2041 (87%) &l o T3,

TRETAEBE N LTI OR S Tl 8 BY AR E - R R
EORIMTIEV, RETRRPEFATALNRICLANR)F —als
R B, AR DOREHWITIRERSITRY, HFRlOR e L E
LRV, S HLE METE IZ B AETe i RISV TS H
LIFRONEIEDD, 2k, BARFFECImLEORI)—
=2 EELTIVREE DR VMR ISR &R EE (CLEIA) 38
TUENATL AT LABEA LT,

IRFFEFNTI 20
FRFFETFT LTI 25
IRFFETNT I 20%EE
4g/20mL
FFET T I 20%EE
10g/50mL
TN T 26%
12.5g/50mL

e RetETHIETHET
DRRGER RS

@

39 R
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JRC2010T-023

197

@

Bl AfE i e i Hank 4o

CWS-1-2 2009 FHIMDEERRE RS RO & 1EE

F 40 3%+ S5 Hk i i TR A 8 . ot
KEHT, F H% EEHEL 255

(12 U ic] 2000 SR 2 A E O ERFEM A S i & i YR Bl (BRV % &) OTERE
EAEMISY S TSI RLAERNTET 4 F5 4 (BUT GL) ST v -0l il e oo B 5 Hir
R A S AR IZ oV THRET 5.

[ah% & Hik] 2000 £ CEMFRRM L Dt Sz e & U, BE e R o REkEs
RB-NAT., HEWA (ERFA Sy 7)) SOMARNE) L BLHREOREIIC L 0 i > o FE MG
BEEMi LA T/ ERREMIC B A BEOWMATIEO MO FIEIE E % 2007, 2008 EH L KL
[ L %] 10 ARB{EDOHETIE 82 6 (HBV 37 7. HCV 2L B, 408 20 51, /402K B192 #,
HEV1IG, CMVLIE)THY, MiLe R BEEGAAES G ESEMLAERME. HBVS Fl. HEV I BIAT
HED 1 PITH -7

PRGN C oo GLAZ D BT 2 0 BB Bk o> Bt st i #e (s 7T - HBsAg/HBsAb/HBcAb, Hilf
# : HBV-DNA) iX HBV 4EBI-T 2007 £ 6 M (8%). 2008 45 12 I (20%). 2000 4 9 1 (21%) Tdh -
7x. - HCVER T3 (Hifdl : HCV-RNA or HCV 2 7 i EL/HCV-Ab. #iil#% : HCV-RNA or
HCV = 7HUE) 2007 4 12 8 (20%), 2008 €5 0 (12%). 2009 E 50 (24%) ThH-o 7. AEHEN
TIETREIC BT 2 B EME0EGELL. 2007 E 27 1 (90%), 2008 £ 43§l (94%). 2009 4€ 20
Bl (100%) T FTHEMEE,LOERAER Sy ¥ O8R4 2007 F 17 6 (57%). 2008 F 35
M (76%), 20004 17 B (85%) THh-or. ZNOHDOI LIZL O GL MEHBEMIZRIELTVAI L
AEFEE NS, S BEREDHFEAORIKESEZ e THEL, METATETHA.

ws-1-3  BtMAXOMESEEIFENEA —H— TER L 7~ HEV-NAT &% &,
MREAEICLVHBAL &M% E BSMITAD L ER

RET ARt miba i v, IR -PEh b v & -2 AT, e SRR R E IR AT B T
Feo ORI FEARBERLY, chEFZERY. BK R, MBS, RE K"

(U] BARBW TGN X2 EBIFE D 4 VA (HEV) BRAT 2002 Eicfo Tl s, BT
FCHEOHSEAMH A, SO HRMb RO SIS A—d— X, BEEENZTA
AEER L L TEER L 7 HEV SRR (NAT) 2L o T HEV-RNA A S hi- 2 DEHH D,
WEE TG S ULE X R RIS MO M BB AEIC X D . T B SN LA U 2SR & e L
LD THET 5. _

[#EHI] B 74 S5 4E. 2008 4E 5 B IcMfdE, HROMIESHESE,. ARDS., &MEFR4eLR RS
WML TR A AT AN. 6 A~10 B £ T RCC-LR BT 40 ML ofimz B & L. 8 A TH
C—BTEn R AST/ALT O LA THHH, BERBEIITH s DENAES I TwWaIEY
&, BEEROMEEIEES do Ao THEGER 1 BEEEL L, 20094F 1 BICBEEROEBIZLD
BEL7. 200945 8, T FREEy 7 — IS mMBEMNEELA—S--X b, @bk MiEs, S
HEV-NAT (2T HEV -RNA A S ik 0fiEAD o /o 2 LT, g kD RCC-LR AY
e S s LB REOERYSH D, 2008 £ 8 A 22 BICHWEBFITHRER T/l AL
fo. WS E OB E RS MY L 5 HEV Hidk, HEV-RNA AR mar i redk, Ml ikiami: = 5k
L LUFBEDS 4 L AELEN bEEc— Lk, iff - X 5 HEV RiTh 5 = L AEEH 5
ni LoT. BEEMMIZLS HEVEEASEMIFREREL-LOEZ L SN

(£5] TS TEANEA - —2X 3 HEV-NAT &, HsHRoOBECI DB\ LL
W ENESAFLETHY, MAREOEEE-HERL A 72, WHimE AST/ALT 0&8uE LA
HME LN, BV, HCVORREFEOLWr—A Tk, HEV R LERO—-2E LTHEI LEXRL S
EThh.
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Al#EARE 21

E¥R WRSS HERLSE

No.

HAFS LD #HmEH E—8BAFH |FEELSZORS |LEBiE0EF
5 ' 2010. 6. 22 YL
— RN R TR ANET VT NERE
f‘fﬁﬁﬁiﬁﬁ” gﬂza‘% i
F7 AT = o . (240, PIETRTE, A B, S58E
LA AN R RBEDLRRE o en . amismrans,
BRFER (RER) | FrFErvrIa0% hEd/20mL (8 FR+3HE) 2010 May 28-30; &40 A
: F+FE7 A 20% 5 E108/50mL ( B AsRt-oEtt)
AR TSI 25% 12,58/ 50mL ( B &R+

ORIT—= I NATO T — BT BRI T e E e e s

LI : B AR T MIRRFIE OHBY, HOV, HIVA~DR &R E LLT199987 A [0 7 — A H{E (5007) Iz kB AU — ﬁml’-@fiﬂ RCBCIA S -

=32 NAT (R : AMPLINAT MPX (AMP-NAT) ) 2[4 LTe, £0O%. 7 — VR EEAS0A, 204 ~L85/AL. 2008428 A 7>5H TOMSERERE

HRRE H L% B BT EINAT AT A (33K TagScreen MPX (Taq-NAT))%%)\LT:D DT — N DFE TR B EELED =T U720
o MBI E SN EYE SRS E A KO REE LT, TR-FET TR 25
o | RHEREF 200081 A H52009F 10 A FTIZERMELVRE SN/ RREMEREESIO M, Bl T L DREGEZ BRI TE SR }l/7“;‘/20‘7*$?_‘r._
2% [EBUTHBY 9L, HCV 3k, HIV 1 Thote, ZORRLR o i A MRORMNAZT AN 8TRL, ST, 1ikd Xt |7 /2-31 OO oF
B |&icL. YRMEEDAIY—= FNATE S — LR EEE] - RIEER i L=, B oy s
B BR BiimE OSEEE BITHBY - HCV - HIVBIIZ, 5047 —/AHi7:8:0-0, 5047 —/L/AMP-NAT (2000422 f 200447 A : TR-HF TN T 20% 88 E
» 2047 — L/ Tag-NAT (20088 A— |108/50mL
s
=

A5%EFE) 146-2-1, 2047 —//AMP-NAT (2004458 B -2008427 A : 44Ef8) :30.1-0,
200942108 :1.254E/]) :3-0-0 Th-ode, .
E B T A VABTHAL —F OBV \HBVIZ DWW T, 7 —/VRIEEOHE/ N RIEO R HRE R _EIC LD, 3 RYHBY DR ME R
MBERD LN, —FH . TAN AR 2 — RO VHCY, HIVIZAZY—= o I NATE AR 10ERRB LU= CEH M ERRHCV A
3, BMUBELHIVAS L&, NATOE A B RICEI R M o T ZLMFERIE NI, 2008428 A LB ASNIHINATS AT AIZEY,

B m LicBhTnLH LI A THD,

BETEODER SEROHIE

A AFRTFHTER LD, AZ)—= 7 NATIC BT ERPER
T AR EE ORI 2008458 A B OREED R HRRE M i
IOPREORIETHD, AAEFRTFHTH., MFEEREM
Z.. HBV, HCV. HIVIZ DWW T 207 — AV TAZY— =V F NATEZ4T
VY, B i A HERR L TWA, S, Tkl
HARTA L | (ERR2056E 128 26 B fTHARE12260118) 12k
S&, BMLEREOTHAEEIToTVNE,

H AR5 T, TESEDEEE L _RTINREDFE W, {E2H
SNEEFREEHITERE (CLEIA) R UM EZ A LSRR ENATS AT L% -
BWALTWD, ZNEDOHEIC Lo TEBIIF~DREMEHDA
TR L, B OE2MEIZIVE - TS, 5% L EN M REYLE

CARDBRHE (IZBT DM R F IOV TAEBIRHRONRIZEDD,

R FET AT I 25% R
12.5g/50mL

(IR T )b o D A N e -2 B

DREGHECTEE
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— e —-— e e P AL P Sl

~ JRC2010T-024
ARSMARLHESE S8 225 159

ws-1-6 A7 1)—=1%7 NAT 0)7 ~Jb§i®ﬁ%4\?¢d}%l~.’3t\f

B A AL R A |
T oHk ARAT, B % SEGH ADESE BF 2

o] BAFRFEH TIHRAEEAE O HBV, HCV, HIVA~OREMEY LT1999E7 B/ —
VEE (500 4%) 2L BAZ Y —= 7 NAT (3 : AMPLINAT MPX (AMP-NAT) % B5 L7
B, T KEEEE SO, 20ERA~EHAL, 2008 4 8 Ao NEER E* ERCH NAT ¥ A
F A (RIE : TagScreen MPX (Tag-NATH 2#EA LA hoo/—LEORAISHELEHEEBHED
GG SN REEREEN L D RIEL 7.

(4% L FHEI20004E 1 BA 5 2000 4E 10 B & CIERBE & ME SN ERFERSES 0N, Bl
1T & AR A BRI T & A RIE HBY (TT-HBV) 91 #£, HCV (TT-HCV) 3, HIV (TT-HIV)
| THod CORKE Lo AMEOR DML 87 B, 3&M, 1 &M+ Hsd Léﬁﬁkmﬂﬂﬁ
DAF Y= NAT & 7— VEERN - SLEcsE L.

Rl O REE 2RI HBYV - HCV - HIV Ui, 50 K 7— i : 8- 0 - 050 &7 — L/AMP-NAT
(2000£ 2 5 —20044E 7 B 1 45 4EM) :46-2-120F&7— L/AMP-NAT (200448 B — 2008 £ 7
A4 30-1-020% 7 — V/Tag-NAT (20084E8 A —20094E10 4 : L254E) :3-0-0
Thol. ’

(8] 54 LNAWBEAY — FOEW HBV (2207, 7— VHEROEA - [EOIURED Rz k
9 TT-HBV ORAERRED RS —~FH, 94 LAEHEAC— FOFWHCV - HIViE, A2Y—
= v NAT BAEH 10 EFEGRL-PT TT-HCV 534 TT-HIV 251 #: & NAT OEA B&ICH
BEhbofo b ERARS. 2008 FESANLBASKRIFNAT VAT AICLY, Bisiettn
BB TWBELATHE. 5B, FEFEOHBACELT, %@sz&M%ﬁﬁL o L [
ﬁ@y@ﬁﬁtkﬁfﬁ L L,

ws-2-1  HEEICH T MmN A SmEmaBR & FEES

FHEEHRRELBELE Y 5 — ", REEERRLE - BEAR
FEER, WAFEZY, AT, fgEtd

[iZUwic]BC g FElHmmoREA S E LG R EELGmMMEE S h, IF, FEY
CEASRODHLY, EMEMOTA FI4 YERTBEShTwiw, £2C, &0, AEEIC
Y TSRICBTAFDRECMORE L FESERF LD THRET 5.
[ - H:12003 4 1 B~-20084E 12 A oA B CLEmO#ES 228N Ichnl, £45% B
o EES, EEFEEOERRRIC OO TRMERE T o7,
[EH)6 FMOEFLRAEC MMMARSIE 1204 FE60, FFiCERL, BASL, BERAR, WRBERHCBWT
ERBIIVAZTH o7, BEOMERBLEIL 1104 EMTHEEEIE 91.7% Tho 7= Fim AR
52 (5 5 30 ik OB mESLE, [FIFEm i M [ AL 95.3% CEMOERZD bhkdhos, #
WEEIEF L 0~35% W5H LT\, WrIc sl & s B 2l m kR o> #5529 Hb 41 10.0g/dl (6.3
ydﬁmmmn?ﬁotﬁ.$uﬁﬁbﬁiwﬁﬁﬂv.mﬁ%ﬁ&ﬁMﬁﬁﬁ&ﬁﬂ%%iﬂfw
R R 95g/dl, IR ARE 09g/dl, EHALE 00g/dl, SHRF10.1g/dl, TLHEPSRL 104 g/dl, HR
ﬁﬂunww LI EAE 11.3g/dl Th o7 HARLNRR T, HhERE 745%, HHRER
G, RN E, BATAETEDEHFBRRRTHE Chor. AIFSEEGRER, (LS
0.5% ~ BB O 755% OHFERLE.
[ L4solrn g CnEnakiiE s Bn@mica s, L LS, FoEMREREIRIEREK
—Thh, BERRIZDITLOXNREY, HXPREOKRICL-TORELEGENEY, Pk
CEY, BRTI Db EMENICEL TSR EEEFAEI NS, HE, aCnmic X 234F
ALERBSATEY, YRAZ, REA74 v bEXDEECEEL ZFEISHEL & 8 CnEn o &R
THEDDLBENDH L. .
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AR F2-1

Wel 2 O DOf % %

200TE AR TRTBRS VO ABBRS T, TORDEVREBH TS, 48 1BRETOESE GRBE) X120 A THRED
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Pigs are presumed reservoirs for hepatitis E virus
{HEV) transmission to humans. To examine
infection kinetics, two litters of domestic pigs (A
and B, each containing 10 piglets} infected
naturally with HEV were studied until pigs were
6 months old. Maternal igG and IgA antibodies
were detected in litter A piglets, but notin litter B
ones. All pigs shed HEV in feces when they
were 30-110 days old, and 17 developed viremia
at 40100 days of age. Phylogenetic analysis
revealed a highly close sequence of HEV geno-
type 3 in all pigs. The serum levels of specific igG
and IgA were similar in all pigs, although lgA was
not detected in the feces. Interestingly, the onset
of both viremia and seroconversion was delayed
significantly in litter A pigs. The kinetics of
fecal virus shedding was similar in both litters;
shedding was not detacted after the pigs were
120 days old. The differences in the infection
Kinetics between litters A and B suggested
that maternal antibodies delayed the onset of
viremia and seroconversion. Quantitative real-
time reverse transcriptase-polymerase chain
reaction revealed that HEV RNA in feces
peaked 10 days after initial shedding of approxi-
mately 10°° copies/g. The viral load was much
lower in the serum than in the feces. At 200 days
of age, HEV RNA was found in the internal
organs of 3 out of 13 pigs. These study findings
improve the understanding of the dynamics of
natural HEV transmission in pigs, which could
help in controlling virus transmission from pigs
to humans. J. Med. Virol. 82:69-76, 2010.
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INTRODUCTION

Hepatitis E virus (HEV) is 2 causative agent of acute
hepatitis in humans, HEV is a small non-enveloped
single-stranded positive-sense RNA virus. Recently,
HEV was classified as the sole member of the genus
Hepevirus in the family Hepeviridee [Emerson and
Purcell, 2003). HEV isolates from mammals can be
divided into at least four genotypes on the basis of
complete sequence analysis [Lu et al., 2008]. Genotype
1is distributed in Asia and Africa [Escriba et al.,, 2008;
Sugitani et al., 2008}, whereas genotype 2 is found in
Mexico and Africa [Lu et al., 2008). These two genotypes
are transmitted to the human population via the
fecal-oral route, and large human outbreaks have
occurred in non-industrialized countries as a result of
drinking water contaminated with feces [Jameel, 1999].
Genotype 3 has been detected in humans, domestic pigs,
and several wild animals, and is distributed worldwide
[La et al., 2006; Lewis et al., 2008; Lam et al., 2009},
Genotype 4 has been detected in humans and domestic
pigs in Asian countries and Germany [Lu et al., 2006;
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Wichmann et al., 2008]. The genotypes 3 and 4 strains
are considered to be zoonoses [Meng, 2005]. An HEV-
related agent, the so-called avian HEV, has been
detected in poultry but it does not seem to cause human
infection [Huang et al., 20041

Since the initial discovery of swine HEV in the USA
[Meng et al., 1997], cases of HEV infection in pigs have
been documented worldwide {Meng, 2005; Dalton
et al., 2008]. Previous studies have shown the genetic
similarity of swine and human HEV {Wang et al., 2000;
Kabrane-Lazizi et al., 2001; Huang et al, 2002
Nishizawa et al., 2003; Takahashi et al., 2003; Yazaki
et al., 2003; Ijaz et al., 2005), and have reported
experimental cross-species infections from humans to
pigs or from pigs to non-human primates [Meng et al.,
1998:; Halbur et al., 2001; Feagins et al., 2008; Ji et al.,
2008]. All of these findings suggest that pigs are
reservoirs of human HEV.

Epidemiological studies have revealed that HEV
infections in pigs are ubiquitous, and that pigs over
the age of 83 months have a high seroprevalence [Meng
etal., 1999; Huanget al., 2002; Banks et al., 2004]. HEV
shedding in feces has been observed in pigs of all ages,
but is more frequently observed in 2—4 months oid pigs
as compared to slaughter-age (6-month old) or adult pigs
[Meng et al., 1997; Yazaki et al., 2003; Cooper et al.,,
2005; Fernandez-Barredo et al., 2006; Seminati et al.,
2008]. These results indicate that domestic pigs are
infected easily with HEV at an early age, but that the
majority of pigs stop shedding HEV RNA before they
are 6 months old, Although many epidemiological
studies have been conducted on this subject, longitudi-
nal studies following individual pigs are limited [Meng
et al, 1997; de Deus et al, 2008]. Of particular
importance is the fact there have been no long-term
quantitative analyses of virus shedding and serum.
antibody levels in individual piglets infected naturally
with HEV.

In the present study, long-term’ follow-up character-
ization was performed until slaughter age of two litters
of pigs infected naturally with HEV—one with HEV-
specific maternal antibodies and the other without these
antibodies—to investigate the dynamics of HEV RNA
shedding in feces, as well as assess viremia, antibody
levels, and the effect of maternal antibodies on HEV
infection.

MATERIALS AND METHODS
Animals and Sample Collection

Twenty mixed-breed pigs, 10 born fo sow A (litter A)
and 10 to sow B (litter B), from a swine herd in Japan
were followed up until they were 200 days old (day 200).
The two litters were born on the same day in separate
pens and raised together after day 30. They were
separated again from day &3 till the end of the study.

The sera of sows A and B were collected before delivery
and examined for HEV-gpecific 1gG antibodies. During
thestudy period, fecal and serum samples were collected
every 10 days from each pig, and stored at —80°C until

J. Med. Virol. DOI 10.1002/imv
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use. Thirteen pigs (five from litter A and eight from
litter B) were euthanized on day 200, and tissue samples
(liver, ileum, and colon), serum, bile, and intestinal
contents {ileum, colon, and rectum) were collected and
stored at —80°C before testing. The tissues were treated
with RNAlater (QJiagen, Hilden, Germany) according to
the manufacturer's instructions. Euthanasia and
tissue sampling were performed according to the
Laboratory Animal Control Guidelines of Rakuno
Gakuen University. ’

Enzyme-Linked Immunosorbent Assay for
Detecting Anti-HEV Antibodies

The anti-HEV IgG antibodies in the sera collected
before the delivery of the sows, the anti-HEV IgG and
IgA antibodies in the serum samples, and the anti-HEV
IgA antibodiesin individual feces samples were detected
using a commercial ELISA kit for the detection of
hepatitis E antibodies (Viragent HEV-Ab kit; Cosmic
Corporation, Tokyo, Japan) according to the manufac-
turer’s instructions. Serum samples [rom five pigs in
litter A and eight in litter B were used for detecting
HEV-specific serum IgA. For detection of antibodies in
feces, suspensions of 109% fecal matter in phosphate-
buffered saline were prepared. The kit used a truncated
recombinant HEV ORF2 protein expressed in silkworm
pupae [Mizuo et al., 2002]. Rabbit anti-pig IgG or IgA
antibodies coupled with horseradish peroxidase (Kirke-
gaard and Perry Laboratories, Gaithersburg, MD) were
used as secondary antibodies. Antibody titres were
recorded as index values and calculated according to
the following formula:

Optical density of sample % 100
Optical density of positive control ’

Index value =

RNA Extraction

Viral RNA was extracted from 140l of serum, bile,
10% fecal suspension, and a 10% suspension of the
intestinal contents by using a QlAamp Viral RNA Mini
Kit (Qiagen). The final elution was carried out using
50pl of elution buffer. Viral RNA was extracted
from the tissue samples with TRIzol reagent (Invitro-
gen, Carlsbad, CA) according to the manufacturer’s
instructions.

Semi-Nested Reverse ﬁanscriptase—Polymerase

Chain Reaction (RT-PCR)

To detect HEV RNA, semi-nested RT-PCR was
performed. The 5'-terminal region of ORF1 was ampli-
fied using broadly reactive primers [Hagiwara et al.,
2007]. Forthe first round of PCR, the sense primer HE61
(5'-CACRTATGTGGTCGAYGCCATGGAG-3; R=A or
G, Y=C or T) and the anti-sense primer HES51 (5'-
GCCKRACYACCACAGCATTCG-3'; X=G or T) were
used. This produced an expected fragment of 125 base
pairs (bp). For the second round of PCR, the internal
sense primer HES0 (5-AAGGCTCCTGGCRTYAC-
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WAC-¥; W=A or T) and the anti-sense primer HE51
were used, producing an expected lragment of 85bp.
Reverse transcription and first-round amplification
were carried out using the OneStep RT-PCR Kit
(Qiagen), In each reaction, 5-pl aliquots of viral RNA
solution were used. The reactions were performed in
an Eppendorf Mastercycler (Eppendorf, Hamburg,
Germany) under the following conditions: reverse tran-
seription at 50°C, for 30 min, denaturation at 95°C for
15 min, 45 cycles of denaturation at 95°C for 15 sec each,
annealing at 55°C for 30sec, elongation at 72°C for
30sec, and final elongation at 72°C for 7 min. After first-
round PCR, 1l of the PCR product was amplified under
the following conditions: 20 cycles of denaturation at
95°C for 15sec each, annealing at 60°C for 30 sec, and
elongation at 72°C for 15 sec, followed by final incuba-
tion at 72°C for 7 min. The amplified second-round PCR
products were characterized using 2% gel electropho-
resis, A PCR amplicon of 85bp was determined to be
HEV-specific.

Quanﬁtative Real-Time RT-PCR

The copy number of HEV RNA was measured
by quantitative real-time RT-PCR according to the
technique developed by Jothikumar et al. [2006] with
a slight modification. TagMan® probe (5'-FAM-
TGATTCCCAGCCCTTCGC-TAMRA-3') was designed
based on the sequence of the HEV ORF3 region
{accession number AB481228) from litter A pig. Five
microliters of extracted RNA (equivalent to 1.4mg of
feces or 14 plof sera) wasused per reaction. A 5 pl aliquot
of RNA was amplified using the forward primer 5'-
GGTGGTTTCTGGGGTGAC-3 and the reverse primer
5-AGGGGTTGGTTGGATGAA-3' in a LightCycler
(Roche, Basel, Switzerland) under the following con-
ditions: reverse transcription at 50°C for 30 min,
denaturation at 95°C for 15min, and 45 cycles of
amplification, each consisting of 1 sec at 95°C followed
by lmin at 60°C. Viral RNA copy numbers were
calculated on the basis of the calibration curve con-
structed using standard RNA as described below, using
LightCycler Software 4.0.

To construct a calibration curve for quantification,
in vitro transcribed RNA from the HEV ORF3 region was
collected from a cloned plasmid. The copy number of
standard RNA was calculated using a spectrophotom-
eter. Preliminary examination using in vitro transcribed
RNA showed that the detection imit of quantitative real-
time RT-PCR was 10%® copies/g of feces, 10?2 copies/ml
of serum, and 10> copies/ml of tissue,

Sequence and Phylogenetic Analysis

Four fecal samples from four pigs in litter A and one
fecal sample from sow A, all of which were found to be
positive for HEV by nested RT-PCR, were subjected to
sequence analysis. The ORF2 region of the viral RNA
was amplified using the primers HE044 (5'-CAAGG-
HTGGCGYTCKGTTGAGAC-3; H=A, C, or T) and
HE041 (- TTMACWGTCRGCTCGCCATTGGC-3;
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M=A or C), as described previously [Mizuo et al.,

2002]. The PCR products were sequenced directly using

the BigDye Terminator Cycle Sequencing Ready Reac-

tion Kit (Applied Biosystems, Foster City, CA).

Sequence analysis was performed using Genetyx-Win-

dows version 7 {Genetyx Corp., Tokyo, Japan). The

sequence alignment was generated by CLUSTAL W

[Thompson et al., 1994], The four nucleotide sequences:
of swine HEV isolates, named swJB-M3, -M5, -M8, and -
M10, have been deposited in the GenBank sequence

database under the accession numbers AB471965—

AB471968. A phylogenetic tree was constructed using

prototype sequences of genotype 1, 2, 3, and 4 obtained

from GenBank and the neighbor-joining method [Saitou

and Nei, 1987, on the basis of a 412-nucleotide partial

sequence of the ORF2 region; the tree was drawn using
the TreeView program [Page, 1996].

Staiistical Analysis

The number of pigs shedding virusin feces, the number
with viremia, and the time to seroconversion were
compared hetween litters A and B by using the Wilcoxon
rank-sum test. Statistical analysis was performed using
the JMP 5.1.2 software (SAS Institute, Inc,, Cary, NC}.
P < 0.05 was considered statistically significant.

RESULTS

Deiection of Anti-HEV IgG and IgA
in Serum and Feces

A total of 20 piglets were studied, 10 from litter A and
10 from litter B. Before delivery, sow A tested positive for
IeG antibodies specific to the HEV ORF2 protein, but
sow B did not. Figure 1 shows the levels of HEV-specific
IgG and IgA in the sera of the piglets when they were
1-180 days old. The serum samples from litter A pigs
tested positive for both IgA and IgG antibodies onday 1,
with ELISA index values of 122.6 and 144.5, respec-
tively; the levels of these antibodies in their sera
decreased rapidly until day 50. In contrast, the serum
levels of IgG; and IgA in litter B pigs were significantly
low on ddy 1, with ELISA index values of 17.4 and 27.5,
respectively. The serum IgG levels in the litter B pigs
remained low during days 1-50. Seroconversion began
on day 60 in litter A pigs and on day 50 in litter B pigs,
after the onset of viremia (Fig. 1). The Wilcoxon rank-
sum best revealed that there was a significant difference
between litters A and B pigs with respect to the time of
IgG seroconversion (P < 0.001) {(data not shown), that is,
seroconversion occurred significantly earlier in litter B
pigs. The antibody titres peaked on days 90 and 70 in
litters A and B, respectively, and then decreased
gradually till the end of the study.

HEV-gpecific fecal IgA to HEV were not detected
during the study period (data not shown).

Detection of HEV RNA in Feces and Serum

Pig feces were examined for HEV RNA during days
30-110 by using semi-nested RT-PCR (Fig. 1). On day

J. Med. Virol. DOI 10.1002/imv
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Fig. 1. Hepatitis E virus (HEV) shedding and seroconversion in two
litters of pigs. The copy numbers of HEV ENA in [eces and serum are
shown, along with the enzyme-linked immuncsorbent assay (ELISA)
index values of anti-HEV IgG and [gA in the serum samples. HEV RNA
copy numbers in feces and serum represent the average values among
positive animals, The numbers of animals positive for fecal RNA and

30, HEV RNA was detected in the feces of five pigs from
each litter. During days 40-90, HEV RNA was detected
in the feces of all 20 pigs. On day 100, ali 10 of the pigs in
litter A shed HEV RNA in their feces, but only 5§ pigs
from litter B did. On day 110, only one pig from each
litter was found to be shedding HEV RNA in the feces.
No HEV RNA was detected in feces after day 120.
The modified TagMan® probe, designed to be specific
to the present HEV sirain, reacted strongly to every
sample tested, indicating that the HEV detected in all of
the litter A and B pigs belongs to the same strain. The
dynamics of fecal shedding of HEV were quantitatively
characterized by real-time PCR (Fig. 1). On day 30, HEV
RNA could be detected in feces by semi-nested RT-PCR
but not by real-time RT-PCR, indicating that the RNA
copy number was below the detection limit of quantita-
tive real-time RT-PCR (10%% copies/g). On day 40,
however, HEV RNA increased suddenly to 10%° copies/
g in the feces from both litters. The pigs in litter A
continued to shed large amounts of HEV RNA (approx-
imately 10%° copies/g) until day 100, whereas the
amounts of HEV RNA in the feces of litter B pigs
decreased gradually. On day 110, the HEV RNA in the

J. Med. Virol. DCI 10.10062/jmv
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serum RNA are indicated in parentheses. The levels that were
undetectable by quantitative real-time RT-PCR were approximated
using the estimated detection limit (10*®copies/g for lecal RNA,
10%¥ copies/ml for serum RNA). ELISA index value=(OD of sample/
0D of positive control) x 100. Exror hars represent standard error.

feces from both litters decreased to amounts below the
detection limit of real-time RT-RCR.

During the study period, viremia was detected in
7 pigs in litter A and 10 in litter B. The onset of viremia
occurred on day 60 in litter A pigs and on day 40 in litter
B pigs (Fig. 1). The Wilcoxon rank-sum test showed that
this difference between the time of onset of viremia
in litter A and B pigs was statistically significant
(P =0.024; Fig. 1). Throughout the study, the amounts
of HEV RNA in the serum were lower than those in the
feces (Fig. 1). The highest serum HEV RNA titre was
found on day 90 in a pig from litter A (10*2 copies/ml)
and on day 60 in a pig from litter B (10%° copies/ml).

Time Courses of Changes in Virus Shedding,
Viremia, and Serum Antibody Titres

Based on the datz obtained on virus shedding and
antibody reaction in individual pigs (data of individual
pigs not shown), the general time course of HEV
infection in domestic pigs can be described as follows
(data are expressed as mean (8D; range)): pigs begin to
shed HEV in feces on day 30 (27.4; 0--70) after birth and
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viremia and sercconversion of serum IgG and IgA occur
33.5 (7.0; 10--60) and 32.3 (7.4; 20--50) days, respec-
tively, after the onset of HEV shedding in feces. HEV
shedding in feces continues for 63.5 (7.4; 50—80) days,
whereas viremia can appear transiently for 11.8 (12.9;
10—-40) days. In this study, virus shedding in feces was
observed in all pigs with high antibody titres, whereas
viremia was observed in a total of 17 pigs, all of which
had relatively low antibody titres. Serum IgG and IgA
antibody levels peaked 8.5 (12.0; 0—30} and 6.2 (7.1; 0~
20) days, respectively, after seroconversion. After peak-
ing, they decreased gradually but remained detectable
during the entire study period, even after the end of
viremia and after the pigs stopped shedding virus in
feces.

Sequence Analysis

Genomic sequencing of the ORF2 region of virus
isolates from four piglets in litter A and from sow A
revealed that the virus strains were identical. Fhyloge-
netic analysis of the HEV isolates indicated that they
belonged to HEV genotype 3 and that they were
clustered with genotype 3,5, both of which are related
_ to the strains of swine and human HEV found in the
USA (Fig. 2) [Takahashi et al., 20031

HEV RNA Detection in Tissue Samples From
200 Days Old Pigs

Of the 13 pigs (5 from litter A, 8 from litter B)
euthanized on day 260, HEV RNA was detected in the
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internal organsof 3 pigs by semi-nested RT-PCR: in the
gall bladder of one litter A pig, in the mesenteric lymph
nodes and liver of one litter B pig, and in the hepatic
and mesenteric lymph nodes of another litter B pig.
According to real-time RT-PCR, in contrast, none of
these samples tested positive for HEV RNA, indicating
that the amounts of HEV RNA present in these samples
were below the detection limit of real-time RT-PCR, that
is, 10%5 copies/g.

DISCUSSION

Although there a number ol epidemiological surveys
of HEV in pigs have been conducted, longitudinal
studies of the time course of HEV infection in pigs
infected naturally have been quite limited [Meng et al.,
1997; de Deus et al., 2008]. The dynamic HEV life cycle
in piglets infected naturally can only be evaluated
through long-term follow-up studies with quantitative
measurements of both HEV RNA and viral-specific
antibodies in individual pigs from birth to slaughter.
This is the first report on the quantitative dynamics of
virus shedding in feces, viremia, and specific serum
antibodies that were evaluated in a long-term follow-up
study of pigs infected naturally with HEV.

Maternal antibodies, including Ig(G, IgA, and IgM,
that are transmitted via the colostrum have been
reported to protect piglets from infection by various
pathogens {Andries et al., 1978]. Although maternal
antibodies against HEV have been found in piglets
born to HEV-positive sows, the protective role of these
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Fig. 2. Phylogenetic analysis of the nucleotide sequence of the ORF2 region of HEV (412bp). Intra-
genotypic classification of genotype 3 (3,4, 3zp, 20d 3} was done according ta a previous report [Takahashi
et al.,, 2003]. HEV isolates obtained in this study {5wJB -M3, -M5, -M8, and -M10) are indicated in bold
letters. Prototype sequences of genotype 1, 2, 3, and 4 from GenBank are given with their accession

numbers. Phylogenetxc tree was constructed using
(n =1,000) are given for the major nodes.,
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the nelghhor -joining method. The bootstrap vehies

J. Med, Virol. DOI 10.1002/mv



74

maternal antibodies has not yet been determined [Meng
et al., 1997; Kasorndorkbua et al., 2003]. In the present
study, two litters of piglets—one with maternal anti-
bodies and the other without—were studied to deter-
mine whether the presence of maternal antibodies
affected HEV shedding. The results showed that virus
shedding in feces occurred from days 30 to 110 in both
litters, though a significant delay in the onset of both
seroconversion and viremia was observed in the litter A
piglets, which had maternal antibodies. Although serum
IgG and IgA of litter B pigs were slightly reactive to the
HEV antigen on day 1, as determined using ELISA, this
reactivity was considered to be non-specific because of
the presence of large quantities of maternal antibodies
to various pathogens.

The similarity between the litters in terms of the
kinetics of fecal virus shedding indicates that maternal
antibodies do not protect piglets from primary HEV
infections in the early days of their lives. Interestingly,
another study has reported that maternal antibodies
can have an immunosuppressive effect [Siegrist, 2003].
Although the immunological mechanisms responsible
for such an adverse affect remain unclear, it is
possible that in this study, maternal antibodies delayed
the piglets’ immune responses against HEV infection,
causing the delay in seroconversion that was seen in the.
litter A piglets.

Since this study followed up domestic pigs raised
under. normal conditions, it was not obvious whether
HEYV infection in the two litters occurred under similar
conditions. Therefore, it was difficult to determine the
exact effect of maternal antibodies on the kinetics of
HEYV infection. Further studies are requlred to clarify
the role of maternal antibodies.

In previous epidemiological studies, fecal and serum
HEV RNA and serum antibodies have been used as
markers of HEV infection [Meng et al., 1998; Cooper
et al., 2005]. In the present study, fecal RT-PCR was far
more sensitive than serum RNA testing in detecting
HEV RNA. Indeed, all of the pigs shed high copy
numbers of HEV RNA in feces for 7080 days, whereas
viremia appeared transiently the copy number of the
RNA shed was low. In addition, viremia remained
undetectable in three pigs. It is possible that the
sampling schedule, particularly the 10-day intervals
between sampling days, may have led to the low rate of
serum RNA detection. Fecal RT-PCR, in contrast, does
not appear to have the same limitations, and can be
recommended as an indicator of current HEV infection
based on early occurrence, high viral load, and long
duration of HEV RNA in feces. It may prove especially
useful in quarantine situations when pigs are intro-
duced to another herd.

The reactivity of the modified TagMan™ probe used in
this study, which was designed according to the
sequence of HEV obtained from litter A pigs, to the
present HEV suggested that all the pigs were infected
with the same viral strain. The strain in question was
found to belong to genotype 3y, which is related fo the
HEV strains found in humans and pigs in the USA. It is

J. Med. Virol. DOI 10.1002/jmv
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one of the three clusters into which genotype 3 has been
divided: the other two are 3, and 3;, {Takahashi et al.,
2003). HEV genotypes 3 and 4, both of which have
been reporied in Japan [Takahashi et al., 2003], are
considered to be zoonoses, causing hepatitis in humans;
genotype 4 has been reported to cause a particularly
severe form of hepatitis [Ohnishi et al., 2006]. Some
phenotypic variations between genotypes 3 and 4 have
been reported. Though the results of the present study
contribute significantly to the understanding of the
infection of HEV genotype 3 in pigs, further studies on
genotype 4 and the other iwo sub-clusters of genotype 3
will be required to develop a conclusive strategy to
control HEV infection in domestic pigs.

In this study, HEV RNA was detected in the liver, gall
bladder, or lymph nodes of 3 of 13 pigs examined
on day 200, that is, 3 months after the pigs had stopped
shedding the virus. The prevalence of HEV RNA in pig
livers at grocery stores in Japan and the USA has been
reported as 2% and 11%, respectively [Yazaki et al.,
2003; Feagins et al., 2007). Furthermore, HEV isolated
from pig livers at grocery stores in the USA was found
to beinfectious. This could create public health problems
stemming from HEV contamination in slaughtered
pigs, even if no HEV shedding is observed before
slaughter. In addition, the long-term shedding of large
amounts of virus, which was observed in this study,
supports the idea that farm workers exposed to infected
pigscould be infected directly becanse of a contaminated
working environment {Zheng et al., 2006]. Controlling
HEYV infection on pig farms would therefore help
decrease the likelihood of the disease being transmitted
to people.

CONCLUSIONS

To understand the time course of HEV infection in
domestic pigs, pigs infected naturally with HEV geno-
type 3 were followed up from birth to slaughter age.
These pigs shed HEV in feces when they were
30-110 days old, and developed viremia when they
were 40—100 days old. Seroconversion of anti-HEV IgG
and IgA antibodies occurred 20 days after the onset of
viremia. HEV RNA in [eces peaked at approximately
1059 copies/g 10 days after the onset of fecal shedding.
The kinetics of HEV infection seemed to be influenced by
the presence of maternal antibodies. At day 200, 3 of 13
pigs (23%) still had detectable levels of HEV RNA in
their livers, gall bladders, and/or lymph nodes, though
they had stopped shedding the virus in feces. Although
the amounts of HEV RNA in these tissues were low, the
presence of HEV in the internal organs after the virus
sheddinghas stopped could haveimportant implications
for the prevention of virus transmission to people
through food. The time course of HEV infection reveal-
ed in this study will be very helpful in understanding
the kinetics of HEV transmission from pigs to humans,
and in developing a control strategy to prevent zoonotic
HEYV infection from pigs,
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