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MimimuminfbctiousdoseofhepatitisBvirusinchimpanZeeS  

anddi蝕renceinthedynamicsofviremiabetweengenotypeA  
andgenotypeC  
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P 
OSttranSfusioninLecdonwithhepadtisBvirus  
（HBV）hasdecreased血matical1ysincescreen－  

ingforhepatitisBsurhceantigen（HBsAg）was  
introducedinthe early1970s．The number  

BACKGROUND：InplannJngOPtimaIhepatitisBvirus  
（HBV）b】00dscreeningstrategies．theminimumjnfec－  

tiousdqseandeadydynamicsofHBVneedtobe  
determinedfordefiningthewindowperiodforHBV  
DNAaswe”asforhepatMsBsurFace antigen  

（HBsAg）．  

STUDYDESJGNANDMETHODS：Pajrsofchimpan－  

ZeeSWereinoculatedwithpreacute－Phaseinocu（acon－  

tainingHBVofgenotypeAorgenotypeCtodetermirle  
theminimuminfectiousdose，andtwopaLrSOfchimps  
infededwiththe］owestinfectjousdoseofgenotypesA  
andCWerefo（IowedforHBVmarkers．  

RESULTS：Therninimum50percentchimpanzeeinfec－  
tiousdo台e（CID50）wasestimatedtobeapproximat叫10  

COPiesforgehotypeAandforgenotypeC．fnthetwo  
Chimpsinoc山Iatedwith－thelowestinfectiousdose，the  

HBVDNA而ndowwas55to76daysforgenotype  

Aand35to50daysforgenotypeC，reSPeCtjveり．The  

HBsAgwindowwas69to97daysforgenotype・Aand50  

to64daysforgenotypeC，reSPedively．ThedoubIjng  
ti鵬esofHBVDNAwere3．4days（95％confidenceinter二  

Va［P：［］，2．64．9days）forgenotypeAandl．9days（95％  

Cl，1．6－2．3days）forgenotypeC．Whencomparingthe  

repficationve［ocityofHBVDNAbetweenthetwogeno－  

types，thedoubJingtimeofgenotypeCwassig涌ican吋  

ShorterthanthatofHBV白enotypeA（P＜0，Ol）．  

CONCLUS10N：Ar（hough廿1eC［D500fapproximate吋10  

COPieswassimilrforthetwoHBVgenotypes，the  
doublingtimeandpre－HBVnucleicacidamp（ification  

techno10gy（＜100Copies／mL）windowperiodinchimps  

infectedwiththe10WeStinfectjousdoseseemedtobe t  

ShorterforgenotypeCthanforgenotypeA．  

OfreportedposttransfusionhepatitisB cases hasbeen  
furtherreducedafterscreeningforantibodytoHBVcore  
（anti－HBc）wasimplementedinthelate1980sinthe  
UnitedStates andJapan．12JapanintroducedHBVDNA  
SCreeningbynucleicacidampliacationteclm0logy（NAJ）  
inmimipooIs（MPs）in1999．SinceintroductionofMP－NÅⅠ；  

morethan500seronegative donations withdetectable  
HBVDNAhavebeeninterdicted，althoughtherea托Sti11  
urdtsofbloodinanearlyorlatephaseofHBVinfbction  

ABBREV］AT［ONS：CID50＝50percentchimpanzeeinfectious  
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MINIMUMINFECTlOUSDOSEOFHBVANDGENO－rYPE  

WithlowviralloadthatcanescapedetecdonbyNÅ工3  
hterestindy，thelookbackprogramOftheJapaneseRed  
Cross（JRC）demonstntedthatlowvita1loaddonati0nsin  
thewindowphaseweremorethan10－fo1dmore often  

implicatedinHBVtranSmissionreportsthanWereOCCult  
carrierswithand－HBctitersbelowtheexdusionlimitof  

the andTHBc hemagglutination inhibidon screenlng  
assay13Bearinginmindtherelativelyhighinftcdvityof  
HBVinthewindow phase，eXaCt knowledge on early  
dymamicsofHBVreplicationisimportantforresidualrisk  
estimations．4‾7It wil1deterTninethe threshold of NAT  

inidentifyingblooddonors duringthe preacutephase  
OfHBVinLbction，Whichisimportantfbrplannlngand  
executmg evidence－based hepatitisB blood screenmg  
Strategies．7βInthiscontext，therelativeinfectivitYOfHBV  

intheearlywindowphaseisanimportant払ctorformba－  
Suringthee飴ctofNATscreenmgsystemsontheresidual  
riskofHBVtransmissionbybloodtransfusion．7L9  

Chimpanzeesaretheonlyexperimentalanimalssus－  
CeptibletohumanhepatidsviruSeSandhavebeenvery  
usefu1intrammissionstudies．10Aseadyasthemid－1970s．  
itwasdemonstmtedthatbloodumitsfrom王iBVcarriers，  

especiallythosepositiveforthepresenceofhepatidsB  
e■andgen（ⅠⅡ始Ag），haveatremendouslyhighinfectious  

potentialandcantranSmitin飴ctiontochimpsbyintrave－  
nousinoct血tionwith1mLofplasmadilutedtol：108．）］  
NowthatNATenables detectionofHBVDNAinblood  

donorseveninindividual－donadonformat，itcanbeesti－  

matedbymathematicalmodelingwhattheresidualrisk  
WOuld be depending onthe minimumCOpy number  

requiredforinfbction・9Moreconservativerisk｝mOdeling  
assuneS，thatasin＠ecopyofHBVifitsccess血y  

reachesahepatocytein占usceptiblehosts，maybeenough  
toestablish地ction．5TbpuTSueStmtegiesfbrprevenqng  
HBVinfectionsbybloodtransfusions．additionalinLbrma－  

tionontheinltctivityofHBViscruCial1yrequired．Itis  
imperativetode鮎IenOtdnlythermimimumcopynumber  

MATERlALS AND METHODS 

Chimpanzees  

SixchimpsenteredthisstudylTheirag寧，SeX，andweight，  
aswenastheHBVinoculathattheyreceivedarelistedin  
恥blelalongwiththeinfbctionoutcome・Everychimp  
WaSkeptinanindividuaicageandreceivedhumaneCare  
inaccordanCewithal1relevantrequlrementSfortheuseof  
PnmateSinan approvedinstitution．None ofthe six  

Chimpshadserolo由COrmOlecularbiologicevidenceof  
PaStOrpreSentHBVin知donprlOrtOtheinoculation．  

TheywerealsonotinLectedwithhepatitisCviruS（HCV）  
andhumanimmunOde丘ciencyviruStyPe－1・Chimpswere  
inoculatedintravenouslywhiletheywereunderaneSthe－  
Siabyintramuscularipjectionwithketaminehydrochlo－  

ride・Aftertheinoculation，SerumSampleswereobtained  
OnCeaWeekormore魚℃quendyasrequired，unti116weeks  
Orlonger・TheyweretestedforHBVDNA，HBsAg，anti－  

HBc．anti－HBs．andalanineaminotraLnSferaseaswe山as  

aspar［ateaminotransferase．  

lnoculacontainin9日BV  

mechimrpnzeesreceivedfourkindsofinocula（1五blel）．  
hocdaIandⅡⅠWerefresh一缶ozenplasma（FFP）units  
fromblooddonorsacutdyinfectedwithHBVgenotypesA  
andC，re＄PeCtively二InoculaIIandⅣwereplasmasamples  
fromchimpsinfectedwithinocultlmIofgenotypeAand  
inoculumⅡIofgenotypeC，reSpeCtively（seeFigs．1Aand  
lB）．InoculaIlandⅣwere：1）recoveredinthepreacute  

PhaseofHBVinfbctionbeforeimmunereSpOnSeSOfthe  
hosthaddeveloped；2）positiveforthepresenceofHBV  
DNAinthehighesttiterbeforeanti－HBcdeveloped；and3）  
takenwithutmostca托tOmaintaintheinfectiousactivity  
andavoidattenuationduringseriaiprocessingfromblood  
COueCtionuntilstorage．Ⅰ皿mediatelyafterblooddnwing  

ofI｛BV DNA or number ofvirion5  

requiredfortransmissioI10fHBVbut  
alsotbeeadydymamicsofHBVreplica－  
tioninthecirculadonofin飴ctedhosts．  

Thiscanbeestablishedmoreaccurately  
in chimpan2X！e eXperiments．h this  
reportonexperimentaltranSmissionof  
hepaddsBinchimps，the mhimum  
infbctious dosewasdeterminedsepa－  
rate吋for HBVofgeno†ype＄AandC，  
andthecopynu血berofHBVDNAfor  
establishinginfbcti6nwasdefinedfor  
eachofthem．Moreover；thedo血bling  
dmeandlogarithmictimeofHBVDNA  
WeredeterminedbyfoⅡowingtheviral  
dynamlCSinthe preacute phase of  
Chimpanzees who had received the  
minimuminfbcdousdoseofHBV  

TÅBLEl．Sb（Chimpanzee＄andHBVinoculaandHBV  
tn†e¢ttOnくIut¢OmeS  

Chimpanzee  Agc．sex．weight  HBVDNAcdpleS  Outcome  

Lnoculurnl：FFPfrcmahurTundonbrlinthepreacutephasebfHBVinf6ctionof   
genotシp8A  
IChimp246 13years．ma］e，60．7kg lmし（6．9×10＋copies／mL）lnfected  

lnoculum11：PreacuteやhaseplぉrnaofChimp246c仰tainingHBV（2．6×1ぴcopiesJmL）   
2Chimp272 ？years．male．58・7kg lmL（1：106diJution）  Notblfected   

3Chimp279 8years，male，511．4kg lmL（1：106dilution）  Not infected 

3Chimp279 Rein∝加ation  lmL（1：105diluticn）   Infected   
4Chimp28d 8yeaTS，male，39・4kg lmL（1：105dilutiqt）  暮nf∝ted  

lnocuIumll（：FFPfrDmahumandonorjn廿1ePreaCutePhaseofHBVinfectionof   
genot押eC   
2Chimp272 Rein∝Ulation  5mL（5・3×105copieshTIL）Infected  

lnocuIumlV：Preacutei）hasepLasmaofロ1irnp－272containingHBV（3．0×1（ycopieshlL）  
5Chimp269 11years，maJe，62．5kg lmL（1：106di，ution）  
6Chimp285 7years．male，41．1kg lmL（1：106  
5Chimp269 Rein∝Ulation  lmL（1‥105diIution）  

6Chimp285 Rein∝ulation  lrnL（1：10SdiJuticn）  

Nothfected  

Not infected 

lnfected  
lnfected  
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KOMlⅥlETAL．  

as cutoffvalues，reSpeCtively．Quahta－  
tiveassayforHBVDNAwasperfomed  

by polymeraSe Chainreaction（PCR）  
with prlmerS deduced from the  

SregionofHBVDNA12HBVDNAwas  

quantitated by the PCR（ThqMan．  

Roche Diagnostics KK，Tbkyo，Japan）  
withasensidvityoflOOcopiespermL．  
QuantitativeassaysforHBVDNAwere  

performedsimultaneOuSlyfbrana∝u－  
ratecomparisonofdata．  

芥   T0  1怖  l■○  け5  とIO Z▲与  三関  さ15  さ帥  
血y暮  

Ca］curationfordoublingtimeand  
fogarithmictimeofHBVDNA 1n∝UlumⅣ  H8叫  

H8VDNA：aくkl0800即時／mL  
H8醐VO弘○（S州I人翻  
抽H8c叩血餌弼】御舟SWt  

侍／叩  

▲鵬抽血鉢HBc Tbcalculatethedoublingdmeandthe  
刷／ntJ脚印logarithmictime（timeforreadhinglO  

8  

ALT   

l岬  

舶○  

印  

▲（】○  

卸  

○  

H8VDNA  

【opl叫均／叫  

t∫lO岬  

llt♂  

l算lO■  

lll〆  

1▲l〆  

1日♂  

l■lO●  

l＃l♂  

11I♂  

l董l01  

1鷺l㌍  

dmes the amount）of HBV DNA at  

ramP－uPaf（ertheinLection，HBVDNA  

COpynumberswereevaluatedstatistiT  
Cal1ybylogline訂regreSSionanalysis・  

TTleCOmParisonofregressionslope（the  
doublingtimeandthelogarithmictime）  
betweenHBVgenotypeswasevaluated  
by growth curVe analysis（Ⅵ）neSh－  

Car［er－Ohtakimethod）．13－14  
○  揮  TO  l（糟  l■0  1丁写  ZlO   

血岬  

間島1．TlmecowseorHBVserummarkαShdlimp＄u紀dasasMCeOfh¢C111adon  

OfHBVgemotypeAandgenotypeC．（A）Cump246washoctllatedwithhtlnZLn  

plamaofH刀Vgem（呼pe丸山oc11111mII簸Ird血nph触鵬呼S餌戯e8WaSh叩Std  

h血eramp－upphaseo一切re血iakb托and－ⅠIBc＄αOCOnV打Siom鱒血e血eH丑V  

DNAIladrea血da甲nCentrationor乙6xlO8∞pie＄permL泄d血elm軸  

re印Om鑓hadincr印朗dtoasignaトb－mOi紀（S／叫md00f216．5（cutoぽS／Nゴ2．0）．  

匝）Chipp272wa＄inocdatedwithhumanpla＄maOfIIBVgenotypeC．InoculumIV  
Wa＄hams捷dh血eramp－upphaseof血miab（血reand一打Bc紀rOCOmVe指iomat  

血e血eHBVDNAhadreadledaconcem仕adomof3．0×106copiespermLand  

江B＄Aghadinαea5dtoa皿S／Nradoof34．0．  

RESUtJS   

hoculaandcopynumbersofHBV  
genotypeAorgenotypeC  
recoveredfromchimpanzeesinthe  
PreaCutePhaseofinfection  

Chimp246wasin5ectedintravenously  
withlmLofFFPfromablooddonorin  

the preacute phase ofHBVinfection  
CIhblel）；thedonorhadbeenscreened  
by NAr at aJRC Blood Center．His  

plasmasamplecontained6．9×104．copleSPermLofHBV  

DNAgenotypeAand was positive brthe presence of  
HBsAgbutnegativeforthepresenceofanti－HBc（inocu－  

lumD・Plasmawas harvestedfromChimp246，irrthe  
preacutephaseofHBVinEection57daysa丑erinocdation  
（inoculumID．Itcontained2．6×106copiespermLHBV  
DNAandwaspositiveforthepresenceofHBsAgbutsti11  
negativeforthe presence ofantiーHBc andanti－HBs  

（Fig．1A）．   

Likewise，Q止mp272’was叫ectedintravenouslywith  

5mLofFFPfromablooddonorinthepreacutephaseof  
HBViIl鎚ctionwho hadbeenscreenedbyNATatJRC  
（職blel）・kcontained5．3×105copiespermLofHBVDNA  
genotypeCandwaspositiveforthepr占sence9fHBsAg  
butnegadveforthepresenceofanti－HBcandanti－HB＄  
（inoculumIID・Thus，Chimp272wasinotulatedwith   

fromchimps，plasmasampleswereseparated．Theywere  

dividedinto15tubesinl－mLaliquots，－snap－frozenin  

liquidnitrogen，andkeptinadeepffeezeratr800Cuntil  
usedfortransmissionexperiments．Fbreachexperiment，  

theplasmainonetubewasthawedgendybyimmersingit  
inawaterbathat370C，andtherequiredamountSWere  
used．  

Laboratorytest＄  
HBsAg，anti－HBc，and andbody to HBsAg（anti－HBs）  

were determined by chemiluminescent immunoassay 
（CuA）withcommefcial1yavaLablekits 
JapanKKTbkyo，Japan），withtheindexof2．0（Signal－tO－  
noisefS／Nl）．50percentirhibition，and5・OmIUpermL   
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MINIMUM（NF亡CTlOUS DOSEOFHBVANDGENOTYPE  

2．7×106copiesofHBVgenotypeC・Thepreacuteplasma  
＄amplewascoⅡectedfromChimp27229daysafterchal－  
lenge（inoculumⅣ）．kcontained3・0×106copiespermL  
HBVDNAandwasposidveforthepresenceofHBsAgbut  
sdllnegativeforthepresenceofanti－Ⅰ迅candanti－HBs  
（Fig．1B）・  

Likewise，Seriall－in－10 d止udons ofinoculumⅣ  

（genotypeC）wereprepamdintheplasmasamPle丘om  

Chimp269 and Chimp285．HBV DNAin 3．0×106，  

3．5×105to3．8×105，3．6×10ヰto3．9×10ヰ，3．6xlO3to  

4・6×103．and4・3×102to4・6×10ZcopiespermLwere  

detectedintheoriginalserumSamplesatl：10．l：102．1：103，  
甲dl：104dilutionsthereoもrespectivelyrThble3）・Thus，  

furtherexperimentswereperformedontheassumption  
that serialdⅡutions ofl：105andl：1060finoculumⅣ  

WOuldhavecontained35to46and3．5to4．6HBVDNA  

COpleSpermL，reSpeCdvely．  

EstimatesofHBVDNAcopynumbersinseriaJ  
l－in・10－foIddiIutionsandinocuIabeLowtheHBV  

NATdetection］irnit  

Seriall－in－10dnutionsofinoculumⅡofgenotypeAwere  
preparedin preinoculadon serum SamPle蝕）m eaCh  
chirpp（e．g．，Chjpp272，Chimp279．and Chimp280，  
respecdvdy）．Dilutiムn＄Weredeliveredtothreetd）eSeaCh  
inl－mLaliquotsandsnap－fr02minliquidnitrogen・Con－  
centrationofHBVDNAwas dqterm血ed‘inoneofthe  
three山besin each dilution・SO aS tO guamntee COpy  

numbers ofHBVDNAintheothertwovialsthatwere  

inoculatedintochimps∴mese岳amPleshadbeenstoredin  
adeepfreezeratiJOOC血ntainoculation・  

Thble2Showsthe measured tlBVDNA concentra－  

donsin1－in－10dilutionsofindculumII短enotypeA）．The  
quantita血e HBV DNA re＄dts竜tar丘ngfrom2・6×106  
COpleSper申Lintheundilutdsamplevariedbetween  
2．0×10S b2．3×10S，2．0×10■to2．4×104，1．6×103 
2．0×103，andl．7×102to2．8×102copiespermLrespec－  
dⅥ濾Ⅵh血el：10，、l‥102，1：103，a皿dl＝10■（山血on＄・m鮎e  

quantitatiVer由dtsareanindicationoftheaccuraqYOf  
thedilution 

diludons beypndl：ノ10チhadbeen petformed pIりper転  

furtherdilutionstol；105、andl：106．wouldhavecbntained  

16to28andl．6to．2．8HBVDNAcopiesper血L（ranges  
estimatedbyvariations ofHBVDNAmeasurementsin  
lowerd皿u・tiops），reSpeCtivelyalthoughtheywe∫ebelow  
thedetectionlimitofthePCRmethodused．  

Determinationofthem‡nhumcopynumber  
requiredfortran＄hli＄SioffofHBVgenotypeAor  
deno吋PeCtochimpanzees  

WhenChimp272andChimp279Ⅵ杷reinoculatedintra－  
VenOuSlywith1．OmLofinoculumIIdjlutedl：IO6（equiva－  

lenttol．6to2．8copiesofHBVDNAinaninvitroassay）．  
HBVinLtctiorididnotdeveloplneitherofthemduring  
monitoring forl19days（17weeks）and thereafter．  

Chimp279wasthenrechal1engedwith1．OmLofinpcu－  

111mIIdilutedl：105（equivalentto16－28copies）．Hethen  
becameinLkt¢danddevelopedHBV√DNÅinhisserum  

55中野．（8Ⅵ杷eks）aftertheinocdationiChimp280was  

alsoinoculatedintravenoudywithl．OniLofinoculunⅠI  
d伽tedl：105（equivalentto16to28copiesofHBVDNA）．  

He 

（11weeks）afterinLection．Inviewoftheincu・bationperiod  

Of55to76dgys（8－11weeks）forl：105dilutionofinocu－  
Jumr［，HBVih鎚ctionwouldprobabIynothaveoccurred  
inchimpswhoreceivedl：106dilutioniftheyhadbeen  
followedlongerthan119days（17weeks）．   

C鮎mp、269and Chimp285wereinoculated・With  
1．OmLofinoculumⅣdilutedl：106（eqtlivalentto3．5－4．6  
COpiesofHBVDNAinaninvitroassay）・Du血gfouow－uP  

〔つ   
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KOMIYAETAL．  

forl12days（16weeks），howevez；nO HBVinLtction  
OCCurredin either ofthem・Subsequendy，they were  
rech山1enged with1．OmL ofinoculumⅣd山tedl：105  
（equivalentto35－46copleSOfHBVDNA）17weeksafter  
theinidalinoculation・TheydevelopedHBVDNAinthe  
Circulation35aJld50daysthereafter；reSpeCtively，indicat－  

mg that both of them wereinfected・Therefore，the  
50percentchimpinfectiousdose（CID5Q）forbothgeno－  
typeAandgenotypeCliesbetweenthelowestinfectious  
dose ofapproximately30copleS andthes止binfectious  

doseofapproximately3copleSOratapprOXimatelylO  
HBVDNAcopleS．  

HBVinfection resohTedinansixchimps andthey  
neverbecameCarriers・WithinafewⅥ肥eksafterthepeak  

HBVDNAdterwasreached．serumlevelsoftrarlSaminase  

increased slighdy，within3timesthe upperlimit of  
nomd．  

RepJicationve］ocityofHBVDNAinthepreacute  
Phaseofinfection  

伽ub伽9如1eandJo9a廟mわ伽－eO川即ge〃0押eA  
Figure2AillustratesdleaPPeannCeOfHBVgenotypeAin  
thecirculation，WhenHBVDNAreachedmorethanlO2  

COPiespermLaswellasitsearlydynamicsinChimp246，  
CI玉mp279・andChimp280duringthepreacutephaseof  
exponentialreplication・HBVDNAemeI冨edinthecircu－  
1adon9arlierinChimp246thantheothertwochimps，but  

（A）Go嘲OA   
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thisamihalhad r6ceivedmorethana  
lOOO－bldlargeramotlnt OfcopleS Of  
HBVthantheothertwochimps．Despite  
the1000－fo1d higherinfbctious dose，  
thelog－1inearincrease of HBV DNA  
in Chimp246 was the same as in 
Chimp279，・Wbohadreceivedthemimi－  
mumin鮎ctiousdose．h C出mp246，  
HBVDNAreplicatedexponential1yfrom  
21to 97days（3－13weeks）untilit  
peak申andthendeclined・Eventhough  
the same minimum infectious dose 
of HBV was inoculated，Chimp  
279 developed detectable HBV DNA 
about21days（3weeks）eadier than  
Chimp280．in whom HBV replicated  
slighdyslower・Despite di飴ren甲Si旦  

HBVdosesandindividualvaria也on，the  
replication velocity was constant for 
HBVgenotypeAinthepreacut寧phase  
ofinfection，beforeinmteimmune  
responsesoftheho亭tdeveloped・While  
theviruS・rePlicatedatane】中Onential  

rate．nedoubling・timeandtheloga－  
ri血血icd中e，intheeadye叩Onentialviralreplication  
phase，WereCalculatedtobe2・7to4・4and9・Oto14・7days・  

respectivebr（SeeThble4）・  

伽〟b町り伽IeandJbga掩わm由伽IeO／〃βVge仰押eC  
Ⅵlerepli¢ationvelocityinthepreactltePhaseofinLbction  
indl血Eianzeesino？ulatedwithgenotypeCinocul今WaS  
払sterthaLninthec鮎mpsinLbctedwithHBVofgenotypeA  

（Fig，2B）．Again，Shghtvariationinlog－1inearincreaseof  
HBVDNAwasfound，andHBVDNAappearedinserum  
earlierinChimp272whowasinoculatedwithalOO．000－  
fo1dhigh占rinLktious dosethanwas a血inisteredto  
Chihp＄269andr285；Asseeninthecbimpsino軸物ted  
withHBVgcnolypeA，Ⅰ柑VgenotypeCincreascdinalog－  
1ineaf払shion血theabsehceofhostirhmuneresponses．  

Doubling times of HBV DNAinthe circulation of  
Chirnp272．Chimp269iand 
bel．7to2．5ヰays andlogarithmic timeswere5・6to  
8．3daysasdeterminedwiththeregressionfbrmulashown  
hr払ble4．   

WheACO血paringthereplicationvelodtyofHBVDNA  
betweenthetwogenotypesesti山atedbyagr血curve，  
thedi飴rence壷ass 

thedoub払g血eofrq）nmtionsofHBVDNA而血geno一  
明ぬAvqaiesdmitedto、be3．44days（95％co撼dence  
ihterval【Cr］．2．6414．89daysyinddlelogarithmictimewas  
撃Stimatedtobe11・42 
COntraSt，thosewithHBVgenptypeCwereestimatedtobe  
l．9Odays（95％CLl．63－2．27dgys）and6．30days（95％CI，  
5．41－7．54d叩S），托SpeCdⅦ桓   

WindowperiodsofHBVDNAa†！dHBsAgin   
Chhpnzees王noculatedwiththeminimum  
in俺¢軸l嘩do＄eO雪目8V   

AfterLihoculadon．thetime biforenWDNAbecomes  
・detectal）1eintheCi血Ia血正中thbsihde－SamPleNAT  

（withasensitivityoflO2copies／mI）andthe、timebefore   
HBsAgwasdetectedbyCL仏afterinoculationarelistedin   
Thble6．TheHBVDNA（＜100copies／血l・）NHrwindowwas   
55and76days，reSPeCdvdy；inChimp279andChimp280   
inoculaLtedwiththelowesti血tiodsdoseofHBVgenoty－ 
peA（approx．30、00pies）．TheseNATwind加periodswere  
longerthan－the35and50rdays．respecd咄．foundin   
Chimp269andChimp285ihocdatedthithdlelowest  
in触tibtlSamOuntS Of HBV genbt沖eC（approえ30   
copie＄）・ 

Chiq）279and Chimp280i血d vvith・宮enotypeA   
thaninChimp269andCIl血p285in飴ctedwithgeno－  

、typec（69and97days，r鱒peCtively，VS・50and64days，   
respecdvely）．  
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DJSCUSSION   

AnimalmodelssensidvetohumanhepaddsviruSeSO鮎r  
robustadvantagesinobtainingbasicdataofviralinfec－  
tivity．10ByexperimentalinfectionofchimpswithHCV  

wehavebeenabletodeterrninetheminimumin鈷cdous  
doseofHCVrequiredforestablishingin飴cdon．15・16ne  
doubling time of HCV was determined to be6．3to  
8．6houn；intwo chimpsinoculatedwiththemi血mum  
infbctiousdoseofapproximatelylOcopleSOfHCVRNA・  
DtⅡingthe丘rst5daysaf（erinoculation，HCVRNAdid  
notincreaseabovetheNATdetectionlimitof102copies  
permLinthecirculation．16Itwouldnotbepossibleto  
detect HCVinfecdonduringtheizdtialfewdays a允er  
exposure，eVenifl－mLsamPleswereusedfbrindjvidual  
NA工   

Inthis study．we have deteminedthe minimum  

infectiousdosefortwostandardizedinoculacontamlng  
de鮎1edcopynumbersofHBVDNんTheywereplasma  
passagesofHBVinchimpsharveStedduringthepreacute  
phase、Ofinftction and had been processedwiththe  
utmost care for maintaininginLbctious activity．The  
minimu＿min鎚ctious dose of HBV orthe dose where  
50percentofthechimpswouldbeinfectedliesbetween  
l－in－1million andl－in－100．000d且utionofthe original  

inomllaandisestimatedtobeoftheofderoflOcopleS，aS  
wasthecaseforHCV150nthebasisofHBVDNAconcen－  

trationsmeasuredinseriald止utionsofinoculaCrables2  

and3），them血umin鮎ctiousdosecanbedetemined  

tobe16to28copiesforHBVgenotypeAand35to46  
COpiesforHBVgenotypeC．  

Therearetwodefinitionsofthem虫IimumiIlfecdous  
doseofHBVTheorFticauy，itisasingle’COPyOfHBVNotal1  
HBV virions entering the circulation of recipients，  
however，wiusucceedinreachinghepatocytes，because  
SOmeOfthemarephagocytizedbycirculadngmacroph－  
agesand馳p鮎rcellsinthesinusoidsoftheliveェha  
mathematicalwindow－Phaserisk model，Weustenand  
COueagueS9haveproposedaminimumi皿kctiousdose  
approximatelylO copleS Of HBV onthe basis ofthe  
CID50．17，19Recendytheinocda derivedfrom chronic  
HBV camiers used in 01der chimparuee studies17・18  
Wererequan中点edbyftsiaandcoworkers20withreal－time  
ThqManPCR・neeStimatedHBVcopynumberperCID50  
（g声q）was169forgenotypeAaduJ，78forgenotypeD句／ZL4  
and3fbrgenotypeC adTICalculated bymathematicai  
division，reSpeCtively・meSevira‖oaddata，perfomedon  
CrYOPreSerVedaliquotsffomaninoculaderivedfroma  
ChronicHBVcarrier（i．e・，f岱sAg－andanti－HBc－POSitive），  

Were derived retrospectively severaldecades afterthe  
Chimpdtrationstudies．Theseresultsamdi飴rentB’Om  
theresultsobtainedinourstudy，Wheretheinoculawas  
derivedfromtheearlyramp－uPPhaseofviremia（HBsAg  
lSPOSidvebutanti－HBcisnegadve）andthechimpdtra－  
donandviralloadanalyseswereperformedprospectively：   

292 ¶lANSFUSJON VoIume48，February2008  

Hence，theminimuminfectiousdosede丘nedasaslngle  
COpy，prOpOSed on atheoreticalbasis．would deserve  

revisitinglnPraCticalHBVin血ctions・Thewindowperiod  
OfHBVinfbctionchangeswiththesizeoftheinoculum．  
ThemorecopleSOfHBVinoculatedtherefbretheshorter  
theincubation periodine印erimentaltransmission  
Studiesinchimps・11Aninversecorreladonisreported，  
also，betweentimebeforeHBsAgappearsinserumand  
theHBVdoseinhumanbeings．21Inaccordancewiththese  
reports，WealsofbundthattheNATwindowwasshorterin  
Chimpsrecelnnglargersizesofinoculabbthforgeno→  
typesAandCCFig・2）・TheNAT（＜100copies／mL）window  
Periodwas approximatelylweekwithaninoculumof  
2・7×106copies ofgenotypeC，apprOXimately3weeks  
with6・9×104copiesofgenotypeA，5to7weekswhen  

iLlOCula血g35to46copies ofgenotypeC，and8to  
llweekswheninoculating16to28copleSOfHBVgeno－  
typeA・W鮎1e noin飴cdonwas observedduring16to  
17weeksofobservationwithaninoculaofapproximately  
3copiesofgenotypeAorB．TheoreticallnHBVinfection  
mighthavebecomedetectableafter17weeks，but止止sis  

unlikelywhenextmpola血gthedataabove．hoculation  

withHBVin1argeamOuntS，aShappenswithtransfusion  
With HBsAg－pOSitive blood units．has beenlargely  

excluded sinceintroduction ofHBsAgtestingin1972・  

Ba止erandhhrTay21haveshowhthatinoculationoflower  

infectiousdosespfHBVintherangeoflO4tolO7diluted  
icteric plasma nolonger caused clinicalhepatitisin  
healthyindividuals，Whilein鈷ctionstiuoccurIedwithup  
to alO7dilutedinoculum．as detected byanHBsAg  
COmPlementhationtest．OurstudyshowedthatHBV  
DNAlevelsincrease6・5×103to2・2×105copleSPermLat  

thetimeofthefirstHBsAgTreaCtivesamPleinsixchim－  
pa刀ヱeeSinwhombloodsamplesweretakenatintervalsof  
2to7days．TheseamountSareenOughtocauseclinlcal  

hepatitisB．21Indeed，Satake andcoworkers3foundthat  

tranSmissionof5．000to50，000copleSOfHBVbyblood  

COmpOnentSwithalowviralloadinthe pre－MP－NAT  

Window phase cotdd cause clinical hepatitisB．  
Transfusion－tranSmitted HBV after introducdon of  
individual－donationOrSman－POOINÅr（＜10）isstⅢposT  

Sible，butwouldinvoIverelativelylowinfectiousdosesof  
HBVofapproximatdylOtolOOCID50．   

Inthe chimpsinoculated withapproximately30  
copies of HBV; the NAT window was determined by 
individual－donadonNAThavingasensitivitYOflO2copies  
permI・，WhiletheHBsAgwindowwasestablishedbyCLIA  

withthehighestsensitivitYpreSendyavajlable・5・12TheNAT  
Windowwas55to76daysandHBsAgwindowwas69to  
97days，reSPeCtively，inChimp279andChimp280who  

hadbeeninoculatedwith・aPPrOXimately30copies of  
良BVgenotypeA．Incontrast，theNATwindowwas35to  
50daysandtheHBsAgwindowwas50to64days，reSpeC－  

dvely；forChimp269and Olimp285inoculatedwith  
approximatdy30copiesofHBVgenoQTp色C・Thus，neither   
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ments．seemsareasonableassumptionformodelingthe  
HBV tranSmissionriskinthe pre－HBVLNjUwindow  
period．  
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（97l750），thesewere亡OdedSamplesland2．Thenormal   
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dihtionsofthesamples▲aSneCeSSary，dependingonthelinear  

rangeof姦ss瑠SuSd・Inaddition，bnelaboratoryanalysedthe  
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b∝n uSedinthe calibration ofseconda7y Standards and  

WO止ing reagents，andhasbeenusedinthevalidationof  

assaysR）rboththtqualitadveahdquantitativedetection6f  
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