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E型肝炎は本邦では稀であるが」今まで考えられていた以上に発生している。本邦において、E型肝炎ウイルス（HEV）の新たな  その他参考事項等  

不頭性感染症が近年増加しているかどうかを検討するため、1991年←2006年Q）期間に、ALT高噂（≧61IU／L）が認められ、現在  

研  

究  

報  

卓 、 

． 切  

概 要   

■鞭告企景の蕎見  今後の対応   

日本において、1991年～写Oq6年の期間にALT市債（≧61IU／L）  
が静められべ周在H即に噂染してセ）、卑可館性声音高い鮮血草の  
血清中のHEVRNAを圃べたとごろここの期間めHEV不顕性感  
染の発現率は本質的に変化していなかったとの報告である。  

うなど安全対策を実革している。また」輸血による肝炎ウイルス感染防  

止のため、卑液中q）ALT値6uU／L以上？血液を輸血用から排除して  

いるふ今後もHEV感染の実態に関する情報の収集及び安全対策に努  

める。   
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Summa町  

HepatitisEisrareinJapanbutisoccumngmore  

frequentlythanpreviouslythought．Tbinvestlgate  
WhetherdenovosubclinicalinftctionofhepatitisE  
ViruS（HEV）hasrecentlyincreasedinJapan，HEV  
RNAwasassayedinserumSamplesobtained丘・Om  
4019Japanesevoluntaryblooddol10rSWithalanine  

aminotransfbrase（Au）of≧61IU／1，Whoarelikely  
tohaveongoingHEVin臨ction，during199l－2006．  

TheoverallratesofIgG－ClassantibodytoHEV（anti－  

HEVIgG），anti－HEVIgM／IgA and HEV RNA  
among3185donorsin2004－2006were compa－  
rd）1ewiththoseamong594donorsin1998（5．3vs．  

5．2％，0・2vs．0・5％，andO・2vs．0．3％，reSPeCtively）・  

AmongblooddonorswithAIX≧201IU／1inthree   

groups according to the year ofbloodcollection  
（199ト1995【〝＝156】，1996－1999【乃＝116】and  

2004－2006［n＝61］），there were no appreciable  

difftrencesintheprevalenceofanti－HEVlgG（5．8，  
4．3，and6．6％，reSpeCtively），anti－HEVIgM／IgA  

（1，9，3．4，and3．3％，reSpeCtively）andHEVRNA  
（l．3，3．4，and3．3％，reSpeCtively）．TheelevenHEV  

isolatesob（ainedinthepresentstudydifftredfrom  
each other byl．7－22．8％in the ORF2sequence  
and segregatedinto genotype30r4．The occuト  

rence rate ofsubclinicalinfbction with divergent  
HEV strains has essentially remained unchanged  
dming199ト2006inJapan．   

Introdu（：tion  

HepatitisE，WhichiscausedbyhepatilisEviruS  
（HEV），isfoundinmanypartsoftheworld．Thedis－  

easeistransmittedviathefbcaトoralroutethrough  
ViruS－COntaminated water or fbodin developlng  
COuntrieswhel℃Sanitationissuboplimal【36］．HEV  
inftctionis also endemicinindustrialized coun－  

tries，andIgG－ClassantibodiesagainstHEV（antト  

HEVIgG），hlOStlikelyduetopastsubclinicalHEV   

＊Thenucleotidesequencedatareportedinthisstudyhave  
beenassigrLedDDBJ／EMBL／GenBankaccessionnumbers  
AB292649－AB292（i59．   
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ever，itremainsunknownwhetherornotsubclinical  
HEVinftctionisincreaslng reCentlyinJapan．  
Therefbre，inanattemp（toinvestigate（hechanglng  

prevalenceofdenovosubclinicalHEVinftctionin  
Japan，HEV RNAwas assayedin serum samples  
ObtainedfromJapanesevoluntaryblooddonorswith  
anelevatedALTlevelof≧61IU／l，Whoarelikely  

tohaveongoingHEVinfection，during199ト2006．  

Material5amdme血od5   

∫g川一乃∫8Jr甲Je∫  

Se爪1mSampleswereco11ecledfromatotalof3185volunlary  

bloddonoJS（喝e：32・5土10．9（mean土s（andarddevialion，  
SD】years；2863menand322womeIl）withanelevatedALr  
levelof6l－967（range：87．9土41・8，mean土SD）IU／1atthe  
JapaneseRedCrossTbchigiBlodCen（er，Japan，between  
Apri12∝減andDecemkr2006．¶忙BlodCerLterisl∝ated  
inTbchigiPtefbclure，apreftctureinthenorthempartof  
mainlarLdHdhshuofJapan．SerumSamPlescollectedfbm  
594blo∝1donors with an elevaled A⊥Tlevelof61－2178  

（100．4土106．9）IU／1betweenFebruaryandNoYember1998  
a（（hesamebIodcen（erwerealsousedinthepJTSentStudy・  

Inadditio早，SerumSamPlesobtainedh）m240bloddonors  
withanelevatedAIJleYelof≧201IU／1atlhesameblood  
Cenler，ffom1991－1997and1999，WereuSed．SerumSam－  

plesobtained hmrepealdonors duringLhe studyperiod  
WereeXCluded；thatis，eaCh samplewasoblainedfbma  
uruqueindividual：   

Al14019senJmSamples were negative for hepatitis B  
Surfhceantigen，andaJttibodies10hepatitisCviruS（HCV）  
旭dhu叩immund虚ci8nCyYin蛤（ⅢⅥI沖el・伽3198  
Samplesobtainedsince1999wereadditionauynqgativefor  
hepalitisBYkusDNÅ，HCVRNAatdHIVtypelRNAby  
ぬeMCleicacidamph鮎細iont岱IushgRocbe’sM山dplex  
托agent【26】．  

伽JgcJわJlqrd〃J姑odJg∫わ〃gy  

Tbdetectanti－IIEVIgG，anti－HEVIgMandanti－IiEVIgA，  
eruyme－1inkediLrmunOSO血nlBLSSay（ELISA）wasper－  
formedusingpuriAedreco血binan10RF2proteiJrOf・HEV  
gendype4thalhadbeenexpressedinthepupaeofsilkworm  
【30］，aSdescribedpreviously【47］．IntheELISAassaysfor  
anti－HEVlgG，anti－HEVIgMandanti－HEVlgA，PerOXi－  
dase－COrりugated mouse monoclonalanti－human tgG artti－  
body，PerOXidase－CO【りugatedmousemonoclonalanti－hLtman  
lgM．orperOXidase－1abeledTnOuSemOnOClonalanti－humal1  
1gA，feSpeCtively，WaSuSed．TheoplicaldensiLy（OD）ofeach  
Sal頑eγお柁adat450れm・meCulや汗valueu駆dぬー血  
anli－HEVlgG，anti－HEVIgM，andanti－HEVIgAassayswas  
O．175，0．440，andO．642，reSPeCtiYely【47］．Sample占withOD  

Yaluesfbranti－HEVlgG，1gM，OrlgAequal（00rgreater   

1624   

inLtction，havebeendetectedinasigmiAcantpro－  
portionofhealthyindividualsintheUnitedStates，  
EuropeancountriesandJapan［8，16，33，36，40，  
51】；however，Only alimited numberofsporadic  
CaSぢS Ofacute hepatilis E have been reportedin  
industrialized countries、Increaslnglines of evi－  

denceindicate that hepatitis Eis a zoonosis and  
thatthere exist animalreservoirs ofHEV［9，24，  

25，31－33，40，48，52，57】．   

HEVisaslngle－Stranded，POSitive－SenSeRNAvi一  
ruSWithoutanenVelopeandiscurrentlyclassi丘ed  
asthesolememberofthegenusHqp占virusinthe  
hmilyHq？eVLridde［4］．1tsgenomeisapproximate－  
1y7．2kilobases（kb）inlengthandcontainsthree  
OPCn reading丘ames（ORFs：ORFl，ORF2，and  
ORF3）且ankedbyshortuntranslatedregions［49］．  

ORFlencodesnon－StruCturalproteinsthatarein－  
VOIvedinviruSrePlica（ionandviralproteinproces－  
Slng．ORF2encodesthecapsidproteinandORF3  
encodes asmallphosphorylated protein［14，58］．  
DuetotheextensivegenomicdiversltyT10tedamong  
HEVisolates，．HEV seqtlenCeS have been classi一  

点edintofourgenotypes（genotypesl－4）【39，56］・  
GcnotypelHEVwasresponsiblefbranumberof  
Watefbomeepidemics ofhepatitis EinAsiaand  
Africa．．AlthoughHEVofgenotype2hasbeende－  
tectedless鮎quently，it wasresponsible fbrout－  
breaksinMexicoin1986－1987［54］andhasbeen  
implicatedinsporadicinfectionsinAfrica［3，20］・  
Ontheotherhand，genOtypeS3and4HEVcause  
SPOradiccasesofacutehepatitisbuthavenotbeen  
fbundtoberesponsiblefbrepidemicsinhumanS；  
（heseinfbctionsseemtobezoono（icandbo（hgeno－  
typeShavebeendetectedinpigs（genotype3world－  
Wide，and genotype4in EastAsia），Which may  
COnStitute the mqorreservoir ofHEV genotypes  
3and4【8，19，24，25】．  

InJapan，multiple HEV strainsofgenotypes3  
and4havebeenrecoveredfrompatientswithdo－  
mesticallyacquiredhepatitisE［12，30，42－45］，and  
HEVhasbeenrecoinizedasanimportantcausative  
agentofsporadicacutehepatitisofnon－A，nOn－B，  
non－Cetiology【30，33］．Ahighpreva16nceofanti．  
HEVIgGhasbeenreported［16，27，28，50，51］，  
and HEVviremic suqiects have beenidenti丘ed  
amongsymptom－freeblooddonorswithanelevat－  
edalanineaminotrans桓ase（AIJ）level【7］・How－                                               ●  

l、  

／   
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OngoingsubclinicalHEVinfectioninJapan   

（hantherespeCtivecut－0ffvaluewereconsideredtobeposl－  
tiveforanti－HEVlgG，lgM，OrlgA，reSPeCtively．ThespeC－  
ificityoftheanti－HEVassayswasveri丘edbyabsorp（ionwith  
the same recombinan10RF2protein（hat was used as（he  

antlgen prObe．Brieny，When（he OD value of［he tes（ed  
sample wasless thaれ30％（anti－HEVIgG／IgA）or50％  
（an（i－HEVIgM）oftheoriginalvalueafterabsorptionwith  
therecombinantORF2pro（ein，thesamplewasconsidered10  
bepositivefbranti一  

伽Jど仁一わ〃q′〃gV尺∧仇  

Reversetranscription（RT）－POlymerasechainreaction（PCR）  

WaSperformedfbrdetectionofHEVRNAinserumsamples  
wilhantトHEVIgMand／oranti－HEVIgA，uSingnestedprim－  
erstargetingtheORF2region，aSdescribedpreviously［30］．  
Thesizeoftheamph丘cationproductofthefirst－rOtndPCR  
WaS506basepairs（bp），andthatofthesecond－rOundPCR  
WaS457bp．nenestedRrPCRassaythatweusedhasthe  
CaPabilityofamplifyingallfourknowngenotypesofHEV  
Strainsreportedthusfar【30，46．57］・¶一eSPeCi丘cityofthe  

RrPCRassaywasveri負edbysequenceanalysisasdescribed  
below．ThesensitivltyOftheFrrlPCRassaywasassessedas  
describedpreviously［30］・Ⅰもrserumsamplesthatwerenega－  

tivefbrHEVRNAwhenlOOl1lofserumsamplewasused，  
totalRNAwasextractedfrom5（氾plofserum，reVerSetran－  
SCribed，andthensu句ectedtones（edf℃Rasdescribedabove．  
TbextractRNA from5（氾plofserum，（est serumdiluted  
2－fbldinsalinewascentrifugedat287，582×gat40C for  

2hinaTLA－100．2rotor（BeckmanCoulterK．K．，Tbkyo，  
Japan），andtheresul（ingpelle（WaSSuSpendedinl（氾［Llof  
SalineandsubiectedtothetmPCRassay．Tbcon触1the  
reproducibility，thisass叩WaSperformedinduplicate．   
Fbrserumsampleswithoutanti－HEVIgMandanti－IIEV  

IgA，10llleachfrom50serumsampleswerepooled，and  
eachpooIwastestedfbrHEVRNAbytheabove－mentioned  
frrLPCR．IfapooIwaspositiveforHEVRNA，the50serum  
Samplesoftha（POOIwereindividuallytestedfbrthepresence  
ofHEV RNA．  

1625   

馳血血山肌叫血  

S（atisticalanalyses wereperfbrmed usIngthe Chi－Square一  
（es（forcomparisonofE）rOPOrtlOnSbetweentwogroups・Dif－  
ferences were considered to be s（atistical1y significant at  

P＜0，05．  

Results   

一・l．小・・…hJ・ヾ‘†W一再／fりり川∫J州（・（一り／、…高・J〃1′  

β〃舶∂dfg∫α乃d〃EV尺〟A血rf乃g2（）04－2α始  

Atotalof3185serumSamPlesobtainedfromap－  
parentlyhealthyblooddonorswithanelevatedAIJ  
levelbetweenApri12004andDecember2006were  
testedforthepresenceofanti－HEVIgG・Anti－HEV  
IgGwasdetectedin5．3鱒（168／3185）ofthetested  
POpulationincluding5・1％ofthe2863maledonors  
and6．5％ofthe322femaledonors，thedifEbrence  

notbeingsignificant（Thblel）・Theprevalenceof  
anti－HEVIgGincreased with age among both  
themaleandfemaledonors，andwassigmificantly  
higheramongdonorsaged≧40yearsthanamong  
thoseaged＜40yearsintotal（10．9vs．3．4％，P＜  
0．0001）andinthemales（11．Ovs．3．2％，P＜0．0001）．  
All168serum Samples with anti－HEVIgG were  
testedfbranti－HEVIgMandanti－HEVIgA・Among  
them，anti－HEVIgMandanti－HEVIgAwere si－  
multaneously detectedin six samples（3．6％），Of  
WhichfoursamplestestedpositivefbrHEVRNA  

inasamplevolumeofbothlOand100トLl，andone  
SamPlein500ト11．AsR）rthe3179serumSamPles  

Withoutanti－HEVIgMandanti－HEVIgA，although  
Sixty－three50－SamplepooIsandone29－SamplepooI  
WereteStedfbrthepresenceofHEVRNA，nOneOf  
them had detectable HEV RNA．Consequently，5  

（0・2％）ofthe3185sampleswerefoundtobevire－  
micforHEVAsfortheprevalenceofHEVviremia，  
therewerenoappreciablediffbrencesbetweenmales  
and females（0．1vs．0．3％，P＝0．4628），and be－  

tweendonofSaged≧40yearsandthoseaged＜40  
years（0．4vs．0．1％，P＝0．0700）．  

J，J川J／川‘・√‘！ト川JトJ〃甘‘川Jfノーり‘掠．川仙JJJJハ′  
尺〟A（ねr血g2004－20砺∫〃ⅥJ卸d占ッAエrJeveJ  

ln the present study，168donorswith anti－HEV  
IgGwerefoundduring2004－2（氾6，includipg143  
（5．6％）withanAIJlevelof61q100IU／l，21（3・6％）   

∫eq〃g〃Cどd〃dウ∫f∫q／PC尺pm血cJ∫  

TheamPli魚cationproductsweresequenceddiLeCtlyonboth  
Strands uslng the BigDye rrbminator Cycle Sequenclng  
Ready Reaction Ki10n an ABIPRISM31（泊 Genetic  
Analyzer（AppliedBiosystems，FosterCity，CA）・Sequence  

analysiswasperfomedusingGenetyx－Macversion12・2・7  
（GenetyxCorp・，Tbkyo，Japan）andODENversionl・1・lfrom  
theDNADataBankofJapan（DDBJ：Nationaltnstitu（eoF  
Genetics，MishimaJapan）【11】．Sequencealignmentswere  
genera（edbyCLUSrrALW（versionl．8）［53］・Phylogene（ic  
treeswerecons（ruCtedby（heneighborrjoiningmethod［38】  
basedonthepar（ialnucleo（idesequenceoftheORF2region  
（412nLtCleotides【nt】）．Boo（StrapValuesweredeteminedon  

l00resamptingsofthedatasets【6］．  

49  



S．Fukudaetal．   

WithanAIJleveloflOト200IU／1，and4（6・6％）  
Withan ALrlevelof≧201IU／1（1もble2）．The  
PreYalenceofan（i－HEVIgG was compamble be－  
tween donors with an AIJlevelof≧201IU／1  
andthosewithanAu’1evelof61－200IU／1（6・6  
VS．5．2％）．Asfbr the prevalerLCe Of HEV RNA，  
however，therewasasigni丘can（di鮎rencebetween  
donorswithanALrlevelof≧201IU／1andthose  
WithanAIJlevelof6ト2001U／1intotal（3．3vs．  
0．1％，P＜0．0001），in males（3．7vs．0，l％，P＜  

0．0001），but notin ftrnales，PrObably due to the  
Smallnumberofftmaledonorstested（Ovs．0．3％，  

タ＝0．8813）．  
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Theoverallrates 

IgAand HEVRNAamongdonorsin1998were  
COmParable withthoseチmOng donorsin2004－  
2006（5．2vs．5．3％，0．5vs．0．2乳－andO．3vs．0．2％，  

respeCtively）（rmble3）．nIePreValenceofanti－HEV  
IgGincreasedwithageinthetwoyeargroups，al－  
thoughnoneofthetwo・donorsintheagegroupof  
60－68yearsiI11998hadanti－HEVIgG・Asinthe  

yeargroupof2004－2006，thepreねIenceofHEV  

Rfuwassigni丘cantlyhigheramongdonムrswith  
anAIJlevelof≧201IU／1thanamongthosewith  
anAlJlevelof6lT200IU／lin1998（6・3vs・0％，  
P＜0．0001）．  

P摺VαJe〝Cgオd〃ri－〃gVα〝曲od∫e∫α′扉〟gy尺∧仏  

8〝∽〃g（わ仰mW肋α〃gJevd紹dAエrJeveJげ≧20ノ  

J（〝J，∫加一押dわ血ygαrgわ岬げ扇〃〃dcqJJeq血〝  

職ble4compa柁SⅦdous′氏atu代S Ortbe blood  
donorswithanelevatedAIXlevelof≧201IU／1，  
whoarelikelytohaveongoingHEVinfbction，in  
thethreeyeargroups（199ト1995，1996－1999and  
2004－2006）accordingtotheyearofbloodpo11ec－  
tion・Therewerenoappreciabledifftrencesinthe  
agedistribution，genderratio，AIXlevelandpreva－  
lenceofanti－HEVlgGamongthethreeyeargroups  
of1991－1995，1996－1999and20糾－2006．The  
prevalenceofanti－HEVIg血／IgAandHEYRNA，  
indicativeofpresentHEVinfbcti6n，WaSlowatl・9   
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OngolngSL．bclinicalHEVinfbc（ioninJapan  l（lユ7  

Table2・Prevalenceofanti－HEVIgGandHEVRNAamongvotuntaryblooddonorswilhanelevatedAtXlevelduring2004－  
2006，Sけati丘dbyAmlevel  
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恥I）1e3．Comparisonof（heprevalenceofanti－HEVantibodiesandHEVRNAamongblooddonorswithanelevated＾LJ  

levelbetween1998and2004－2006  

Feature  1998  20（拘－2006  

N AntiTHEV－POSitive（％）  HEV RNA－  

positive（％）   

N  Anli－HEV－pOSitive（％）  HEV RNA－  

positive（％）  

IgG－Cla5S IgM－and／or  
IgA－Class  

IgG－Class IgM－and／or  
IgA－Class  

Age（years）  

16－19  

20－29  

30－39  

40－49  

50－59  

60－68  

0  0  4
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0
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2
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（2．7） 1（0．1）  

（4．6）  0  

（9．8）  2（0．4）  

（12．0） 0  

1（0．9）  

1（4．0）  

0  8（23．5） 2（5．9）  2（5．9）   

143（5．6） 3（0．1）  2（0．1）  

21（3．6） 1（0．2）  1（0．2）   

4（6．6） 2（3．3）  2（3．3）  

168（5．3） 6（0．2）  5（0．2）  

AIJ（IU／1）  

6ト100  454  23（5．1） 1（0．2）  
10ト2（氾  108  7（6．5）  0  
20ト2178  32  1（3．1）  2（6．3）  

2546  

578  

2（6．3）  61  

’mta1  594  31（5．2）  3（0．5）  2（0．3）  3185  

恥bIe4・Prevalenceofanti－HEVantibodies 
． 

ⅥさarOfbloodcollection  Fea（ure   

1991－1995（〃＝156）  199（ト1999（〃＝116）  2004－2006（〝＝61）  

27．6士12．5  

54（88．5％）  

289．4土135．8  

4（6．6％）  

2（3．3％）  

2（3．3％）b・C   

2（100％）  

0  

26．0土9．9  

145（92．9％）  

294．6士21（i．4  

9（5．8％）  

3（1．9％）  

2（1．3％）a・b   

l（50．0％）  

l（50．0％）  

26．4士9．9  

105（90．5％）  

299．8土211．6  

5（4．3‘‰）  

4（3て4％）  

4（3．4％）a・C   

2（50．0％）  

2（50．0％）  

Age（mean士SD，yearS）  
Male  

ALJ（mean士SD，IU／l）  

Anti－HEVIgG  
Anti－HEVIgM／IgA  
HEV RNA  

HEVgenotype   
Genotype 3 
Genotype4  

a P＝0．2290．  

b p＝0．3256．  
C f〉＝0．9528．  
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S．Fukudaetal．：OnBOingsubclinicalHEVinftctioninJapan  

HEVisolates（HE－JTB95－1，HE－JTB96－1，HE－  

JTB96－2，HE－JTBO5－1，HE－JTBO5－2，HE－JTBO6－l，   

HE－JTBO6－2，and HE－JTBO6－3）comprised one   
groupandwereclose10theprototypeJapaneseiso－  
1ateofgenotype3（JRAl［accessionno．A㈹3430］）   
withnucleotideidentitiesof85．9－93．0％，andwere   

Only77．9－80．3，74．8－77．4，and77．9－80．1％similar   
totheBlisolate（M73218）ofgenotype1，MEX－14  
isolate（M74506）ofgenotype2，and Tlisolate  
（AJ272108）ofgenotype4，reSPeCtively．This丘nding   
SuggeStSthatthese8鱒EVisolatesareclassi丘able  
in10genOtyPe3・ThephylogenetictreeconstruCted   
basedonthecommon412－ntSequenCeWithinthe   
ORF2sequencecon丘medthatthese8HEViso－  
latesobtainedinthepresentsthdybelongedtoge－   
notype3and showedthat they segregatedinto   
ClustersconsistlngOfJapaneSeHEVstrainsofthe   
SamegenO（ype（hathad beenTeCOVered丘■Omhu－  

Hi28   

andl．3％，reSpeCtively，intheyeargroupof199ト  

1995，but the difference among the three year  
groupswasnots（atisticallysigni丘can（．  

Ge〝gffc（‡〝dゆ∫f∫げ〃EV加Jα毎∫柁C（フVg柁d  

♪p椚ノノリブ作用ね（わ〃〃〃  

ThellHEVisolatesrecoveredfromthetransienlly  
Vifemicdonorswerenamedwiththepre丘xof11E－  

JTB fbllowedbytheyearofisolationandthese－  
quentialnumberofthe viremic samples obtained  
thatyear（7もble5）・The412－ntSequenCeOfORF2  

0ftheseHEVisolateswasdeterminedandcompared  
with each o（her and with tha（Ofknown HEViso－  

latesofgenotypeSIA．ThesellHEVisolateswere  
markedly variable，Sharing nucleotideidentities  
rangingfrom77．2to98．3％，andwereclassiRable  
into（WO grOuPS di脆ring by18．9－22．8％．Eight  

rhble5．Charac（eristicsofblooddonors withanelevaLedALTlevelwho haddetectableHEVRNÅ  

Year of Age AIJ Anti－HEV（OD450Value）  HEVRNA（Pl）＆ HEV  Isolate name 

isolation（years）／sex（IU／1）  genotype  
IgG－Class IgM－Class IgA－Class lO 100 500   
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1994  44／M  
1995  58／M  
1996  47／F  
1996  49／M  
1998  29／M  
1998  54／M  
2005  61／M  
2005  25／M  
2006  甜／F  
2006  17／M  
2006  49／M  

比E－JTB94－1  

HE－JTIi95－1  

HE－JTB96－1  

HE－m9（i－2  

HE－m98－1  

HE－JTB98－2  

HE－JTBO5－1  

HE－JTBO5－2  

HE－mO6－1  

IIE－JTBO6－2  

HE＿JTBO（i－3  

457  ＞3．000（＋） 2、325  
2598  0．415（＋） 0．611  
215  l．629（＋） 1．900  
262  1．624（＋） 0．981  
628  0．127（－） 1．272  

2178  0．439（十） l．030  
9（i7  l．7（i2（＋） 1．967   

85  ＞3．∝旧（＋） 2．792   

63  l．170（＋） 0．665  
138  2．278（＋） 1，804  
758  2．866（＋） ＞3．（X氾  

＆HEVRNAwasassayedusingtheindicatedvolumeofserumSamPles・  
b＋，pOSilivefbr＝EVRNA；－，negatiYefbrHEVRNA・  
C NT，nOtlested．  

Fig．1．PhylogenetictreeconstruCtedbytheneighborjoiningmethodbasedonlhepartialnucleo（idesequenceoflheORF2  
region（412nl）of99HEVisolates，uSingagenotype1HEV（M73218）asanoulgroup．1nadditiontotheHE－JTB95－l，HE－  
JTB96－l，HE－JTB96－2，HE－JTBO5－l，HEJTBO5－2，HE－JTBO6－l，HE－JTBO6－2，and HE－JTBO6－3isola（es fbundin the  
presenlstudy，Whichareindicaledinboldtypefbrvisualclarily，90repor（edHEVisolatesofgenotype3，Whosecol11mOn  
4121n（SequenCeiskrLOWn－areincludedfbrcomparison・Therepor（edisola（esareindicaledwi（h（heaccessionno・fbllowed  
bylhenameofthecountryofisolation（hotl－JaparLeSeOriginonly）．Anasteriskdenote＄humanorswineHEVstrainsthat  
Wereisolatedinthesameprefectureas（hoseobtainedinthepresentstudy・Bootstrapvaluesチreindicatedfbrthem叫Or  
rLOdesasapercentageobtainedfromlOOOresamplingsoftheda（a  
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S．Fukudaetal．  1630   

妻   

Fig．2．PhylogenelictreeconstruCtedbytheneighborjoiningmethddbasedonthepaftialnucleotidesequenceoftheORF2  
region（412nt）of65flEVisolales，uSingagenotypelHEV（M73218）asanoutgmup．1nadditiontotheHE－JTB94－1，HE－  
JTB98－1，andHE－JTB98－2isolatesfoundinthepresenls（udy，Whichareindicatedinboldtype，6lreportedHEVisolatesof  
genoLype4，Whosecommon412－ntSequenCeiskJlOWn，areincludedforcomparison／nlerePOrledisolatesareindicatedwith  
theaccessionno．fbllowedbythenameofthecoun（rywhereitwasisolated（non－JapanescoriginonLy）・Anasteriskdenotes  
humanflEVstrains（hatwereisolatedinthesamepreftctureasthoseobtainedintheprcsentsludy．Bootstrapvaluesare  
indicatedfbrthem句OrnOdesasaperCentageOblainedfrom t（氾Oresamplingsofthedata   

mans，SWine and wild boars，SuPpOrting血ein－ HEVisolatesobtainedinthepresentstudy（HE－  
digenous nature ofthese8blood donorisolates LJTB94－1，HE－JTB98－landHE－JTB98－2）wereclose  
（Fig．1）．Ontheotherhand，the remaining three tothepro10typegenOtype4isolate（Tl）withnu－  
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1631   

and centralparts of mainland Honshu ofJapan，  
WherehepatitisEislow－endemic【1】・   

The presence ofanti－HEVIgG mostlikely re一  
剖ectspas（SubclinicalHEVinfection・ノThepresent  
Studyrevealedthattheprevalenceofanti－HEVIgG  
among blood donors with AIJof≧61IU／1be－  
tween2004and2006was similar to thatin1998  

（5．3vs．5．2％），andthattheprevalenceofanti－HEV  
IgGamongblooddonorswithAIJof≧201IU／1  
was comparable among the three year groups of 
199ト1995，199（i－1999and2004－2（X帖（5．8，4．3，  

and6．6％，reSPeCtively）as wellas that of2002－  
2003（4．1％or23／560）［7］．IJOngitudinalseroepide－  
miologlCalstudiesontransientlyinftctedindividuals  
SuggeStedthatanti－HEVIgGperSistedmuchlonger  
thanexpected，i．e．，fbrmorethan20years【27，28］・  
Evenalowtiterofanti－HEVIgGmayreflectpast  

subclinicalHEVinftction and has been detected  
in a significant proportion ofhealthyindividuals  
notonlyinJapanbutalsointheUnitedStatesand  
Europeancountries［8，16，33，36，40，51】・There－  
fbre，instudiesinwhichanti－HEVIgGisassayedat  
aslngletime polntin eachindividual，it maybe  
hard to specifywhenindividuals withanti－HEV  
IgGcontractedHEVinfectionandhowprevalent  
de novo subclinicalHEVinftction was dming a  
particularperiod・  

Inthepresentstudy，thegenomicRNAofHEV  
was detectedin a totaloflldonorswith an AI＿T  

levelof63－2598IU／lamong the4019donors  
tested・Whenstrati丘edbytheyeargroupofblood  
collection，theprevalenceofHEVviremiaamong  
blooddonorswithAI＿Tof≧61IU／1between2004  
and2006wascomparabletothatin1998（0・2vs・  
0．3％），andtheprevalenceofHEVviremiaamong  
blooddonorswithAIXof≧201IU／1wasnotsta－  
tisticallydifEbrentamongthethreeyeargroupsof  
199ト1995，1996－1999，amd2004－2006（1．3，3．4，  
and3．3％，reSpeCtively），Orfromthatof2002－2003  
（4．4％orl／23）【7】，SuggeStingthatdenovosubclin－  
icalHEVinfbction occurred at an almostconstant  

rateduringthelast16yearsinrIbchigiPrefec（ure・  
Japan■InindustrializedcountriesincludingJapan，  
maintenanceofgoodhygieneofthewatersupply  
andsewagesystemsmadethelikelihoodofwater－  
bomeinfbctionofhepatitisAvirus（HAV）extremely  
low［13］．However，OurObservationsareconsistent  
withthenotionthattransmissionofHEVwouldnot   

OngoingsubclinicalHEVinfectioninJapan   

cleotideidentities of84．7－87．6％，and were only  
79．9M81．8，77．7－78．4，and79．9－81．3％similar to  

the Blisolateofgenotypel，MEX－14isolate of  
genotype2，andJRAlisolateofgenotype3，reSPeC－  
tively，SuggeStlng（hattheHE－JTB94－l，HE－JTB98－  

1and HE－JTB98－2isolates belong to genotype  
4・ThephylogenetictreeconstruCtedbasedonthe  
common412－ntORF2sequencecon丘medthatthe  
3HEVisolatesobtainedinthepresentstudysegre－  
gated to genotype4（Fig・2）・Ofnote，the HE－  
JTB94－landHE－JTB98－1isolate畠segregatedinto  
twodistinct clusters consistlng OfJapanese HEV  
strains，eaChwithabootstrapvalueoflOO％，but  
HEJTB98－2segregatedinto aclustercompnslng  
the Chinese HEV strains that had been recovered  
fromaChinesepatientwithautochthonoushepati－  
tisE（accession no．EFO77630）andJapanese pa－  

tientswithhepatitisEwhohadtraveledtoChina  
（AB197673－AB197674），SuggeSting thatthe HE－  
JTB98－2isolatemaybeofChinaongln・  

DiscⅦ5Sion  

This study examined the prevalence of ongolng  
subclinicalHEVinfbctionamong4019apparently  
healthyblooddonorswithanelevatedAIJlevel  

of≧61IU／lwhodonatedb100dduringthelast16  
yearsataJapaneseRedCrossBloodCenterlocated  
inthenorthempartofmainlandHonshuofJapan・  
AsforthegeographicaldistributionofhepatitisE  
inJapan，itwasreportedthattherewaswidevaria－  
tion，withahigherprevalenceinthenorthernpar（  
OfJapan（HokkaidoIslandandthenorthempartof  
mainlandHonshu）【l，30】，SuggeStingthatthere－  
Sultsobtainedinthepresentstudycannotsimplybe  
generalizedfbrthewholecountry．However，Our  

Studycorroborated theprevious study byTもnaka  
etal．【51】，Whoreportedthat，basedontheage－Spe－  
ci丘c distribution ofanti－HEVIgGin1974，1984，  
and1994，eXpOSuretOHEVremainedconstantbe－  
tween1974andL994inMetropolitanrIbkyo，Japan・  

Theprevalence ofclinicalHEVinftctionamong  
Patientswith acutehepatitis remainedunchanged  
duringtheperiodfrom1989to2005inacityhos－  
pitalinAichiPrefbcture，Whichislocatedinthe  
centralpartofHonshuIslandofJapan［29］・There－  
fbre，OurPreSent Study may represent the recen（  
（rends ofHEVinfection，atleas【in the northern  
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bepreventedbyonlyimprovementofsanltafyCOn－  
ditions，despitethelowerinftctivityandtransmis－  
SibililyofHEVthanHAV【36］．   
Domestical1yacquiredhepatitisEhasbeenre－  

POrtedinindustrializedcountriesincludingtheUniト  
edStatesandEuropeanCOuntriessince1997［2，5，  
10，15，21，34，35，37，55】．However，Onlyalimited  
numberofsporadiccasesofacutehepatitisEhave  
beenreportedintheUnitedStales andEuropean  
COuntries，andthechangingproAlesofclinicaland  
SubclinicalHEVinftctionhavenolbeenstudiedin  
thesecountries．hJapan，ClinicalhepatitisEisrare  
COmparedwithclinicalhepatitisAbutisoccurpng  
more丘equen11ythanpreviously血ought【30，33】，  
Where血e丘篤tCaS¢Ofautod血onousbep如i鮎E  
WaSrePOrtedin200l［431，andpresumablyindig－  
enousHEVstrainshavebeenrecoveredftomindi－  

vidualswhocontractedHEVinfbctionindle1970s  

【27，28］．Itremainsunknown，however，Why the  
PreValence of domestic HEVinftction hasre－  
mainedstableduringthelastftwdecadesinJapan．  
Ithasrecentlybecnsuggestedthatzoonoticfbod－  
bornetransmissionofHEVfromdomesticplgSand  
WildboaLrStOhumansplaysanimportantroleinthe  
OCCurrenCeOfcryptichepatitisEinJapan，Where  
JapanesepeOplehavedistinctivehabits ofeatlPg  
raw鮎h（SuShior sashimi）and，1essfrequently，  
uncookedorundercookedmeat（includingtheliver  
andcolon／intestineofanimals）【17，23，31，4l，57］．  
Ofnote，Wefbundahighprevalenceofswineantト  
HEV antibodies and a high HEV viremia rate 
amongJapanesepigs［46，48］・Themqjorityofpa－  
tientswithsporadicacutehepatitisEinHokkaido  
hadahistoryofconsumlnggrilledorundercooked  
Pigliverand／orintestineapproximately2－8weeks  
PriortotheonsetofhepatitisE［31】．Pigliverspeci－  
mens丘om7（l・9％）of363packagessoldinl∝al  
grocery stores in Hokkaido had detectable HEV 

RNA【57］・Theseresultsstronglysuggestthatcon－  
SumPtion ofundercookedpigliver／intestineis a  
POtentialrisk factor fbr HEVinftction．Transfu－  

Sion－aSSOCiatedhepatitisEhasalsobeenreported  
inJapan［22，27］．Recently，Ofinterest，itwasre－  
ported that HEV RNA was detected in bivalves 
cム11ed Yamato－Shijimi（CbrbiculajqlOnica）ob－  

tainedffomJapaneserivers，indicating thatHEV  
COlltaminatesriverwaterinJapan［18］．However，  

5．Fukudaelal．  

the mode of HEV transmissionin thellviremic  

donorsin．the present study was unclear．Further  
Studiesareneeded（Oelucidatethemode（S）ofclin－  

icalandsubclinicalHEVinftctioninthegeneral  
POPulationofJapanincludingrIbchigiPreftcture．   

Asthe11viremicdonorsidenti丘edinthepresent  
StudyhadanelevatedALrlevel，theblood丘omthe  
11donorswasnotusedfortransfusion，SuggeStlng  
that AIJtesting、helps prevent transfusion－tranS－  

mitted HEVinftction．As one ofthellinftcted  

donorshadonlyaslightlyelevatedALrlevelof  
63IU／l，itseehslikelythatevendonorswitha  
normalAIJlevel（≦60IU／1）mayhavedetectable  
HEV RNA．The prevalence of、HEV RNA de－  

CreaSedwi血theAulevelandwassigmi丘cantly  
less丘equentamongthe3000donorswithAIJof  
6l－100IU／1thanamongthe93donorswithALr  
Of≧201IU／1（0・伽7vs・4・3乳P＜0・0001）in1998  

and2004－2006・Alth9ughthe numberofdonors  
testedwaslimited，itisreasonabletospeculatethat  
the prevalence of ongoing HEV infection among 
donorswithanormalALrlevelmaybelessthan  
O．067％inTbchigiPreftclure．Theproportion of  
SuChdonorsmaybeverysmallornegligible，Parti－  
CularlyinthesouthempartofJapan，Whereonly  
l．7％（9／527）ofblooddonorswithALJof≧61  
IU／1had 

Re且ec血gdlePOlyphylet近nattlreOfhumanand  
amimalHEVisolatesofJapaneseorigin［30，33，44］，  
the HEVisolates recovered from dlellviremic  
donorsinthepresentstudydifEbredbyl．7－22．8％  
from？aCh otherand segregatedintogenotype3  
0r4．TbnhumanHEVstrainsofgenotype3（HE－  

JI3［ABO80579】，HE－JBDl【ABl12743］，HE－！BD2  
tAB154829】，HE－JBD3［AB154830】，and6unpub－  
1ishedisolates）havebeetlisolatedinth占samepre－  

tbctureas（ha（Ofthellviremicdonorsandshared  

identities，ranglng ffom80．6to99・8％with the  
8genotype3HEVisolatesobtainedinthepr？Sent  

Study．As fbrhuman HEV strainsofgenotype4，  
two strains（HE－JI4［ABO80575］and fIE－JK4  
【ABO99347］）isola（edinthesamepreftcture草hared  

87．9－99．3％identitieswiththe3genotype4HEV  
isolatesobtainedinthepresentstudy・Theseresults  
further support the nlarked heterogeneity of the 
HEV genomeandils widedistributioninJapan，  
evenwithinacertainprefbctureinthiscountry・   
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