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AbstTaCt   

TheemergenceofvariantCreutzftld，Jakobdisease（VCJD）・fouowingon丘omthe  
boYinespongifbrmenccphalopathy四SE）epidemic・ledtoconccrnsabou＝he   
potcntialriskofiatfOgCnictransmissionofdiseasebybloodtransfusionandthe   
introductionofcostlycontrolmeasurestoprotectbloodsupplies・Wepreviously  
reportedpreliminarydatademonstra（ugthetransmisionofBSEandnaturalscraple  
bybloodtranshsioninsheep・nC6nalrcsultsofthiscxpcnment，TCPOZtedherc，glVe  
un叩eCt¢dlyhゆ血5血s血n輌＄by血甲餌ionor36％brBSEand43％わr  
scrapic・AproportionofBSE－hftctcdtranfusionrecipients（3／8）survivedforupto7  
y6arSWi山outshowi喝Glimicalsi名山ordiscぉ8・n¢m函巾OrtraPSmissions  
resultcd＆ombloodco11ectedfromdonorsat＞50％ofthecstimatcdincubation   
period∵n帽hiかm血isテionrぬandrelatiY¢lysho佃dcohsistentincubation  
pedodsinclinicallypo？itlV8reCipicntssuggcstthatlinftctivitytitresinbloodwere  
substantialand／orthatbloodtrans知sionisancfficientmethodoftransmissionlThis  
expcrimcnthascstablishcdthcvalueofusingshecpasamodclfbrstudying  
血nsmissionorvCJDbybloodproduct5inhum肌S・   

Ⅰ雨roducdon  

TransmisiblespongiLofmCnCePhalopa山iesCrSEs）arc甲urOdegener8tivediseases・  
whichincludcCr叩鱒Id－Jakobdiseasc（CJD）inman・ざCr叩iein＄heepandbovine  
sponBifbrmencephalopathy（耶E）incattk・AnewvanantofCJD（ter汀ほdvCJD）  
wa5r¢COgnisedin血eUnitedK血gdo叫in血血d－19恥8pparentlyasaresultof  
tra皿Smissi。n．OfBSEtohumansl：Todatc，thereLhavebecn・166．casesofYCJD  
recordedin．thcUK，aSWCllassevcT3lcasesinothercountrtes・HumanTSEsare  
charactedsedbylong、aSyhptpmaticincubatio正periods（usuaIlyseveralyFarS）・and  
thcrcisnoreliabletestfbrdetcctinginfヒctionbeforetheonse10fclinicaldisease・ltis  
no（knownhowmanypeopleintheUKharbourvCJD，alulOughestimatesbasedon  
screeningoftonsilaJldappendixsamplessuggesttherecouldbeupto40002・These   
infcctedindividuaLsposeariskofhuman－tO－humantransmissionレiablood  
tmns氏ほionorcontamina【8dsurglCalinstruments・  

lnpatientswithYCJDthcrciswidespreadreplicationortheinfectiousagent8nd  
deposibonofPrPSc（diseascrassociatcdfomofpやPrOtein）inlymphoreticular   

悪霊忠霊霊葦鍔葦㌶鍔葦苛11y  
rccircu－atebetweenbloodandlymphoTeticulartissuesstronglysuggeststhattheblood  
ofvCJDpatientsislikelytobeinftctious・Data＆omrodentTSEmodcIshadshown  
thatthehidleStleveLsofinfcctiviけinbloodwereassociatedwithleukocytcsand7tOa   
lesserextcnt，Plasrna4・Åsaresult，COStlycontrolmeasuressuchasleucodcpletion   
（仙ationorbloodandbloodproducbtOremOVeleukocytes）andimpo血onor  
plasmawereintEOducedtoprotectUKbloodsupplies・despitethelimiteddatathat  
werethenavailabletojudgcthesizeoftheriskandtheefficacyof［hecontrol  
meaSUreS 

ThepotentialforusLngSheepasamodelforstudyingtherisksofvCJDtTanSmission  
bybloodtransfusionwashigh1ightedbythesimilaritybetweenthedistributionor   
infectivityandPrPScinsheepinftctedwithTSEsandhumansinfectedwithvCJT）5－7 
Onefactor・limi血gthesuccess知1transmi芦SionofTSEsbybloodinrodentmodels  

8■甥択朗馳甑雛咄猟舶助郷払淵闇腿購／触計覗騨島苧252。  
Per50伯luseonly 

Pri8ndise鮎鮎areemcientlytran5mittedbyblood一丁ansrusionih5h叩・  

Runnlngtitle：TransmissionofsheepTSEsbyblood【rans餌ion  

∴。三二∴∴∴－‥・∵∵三l∴三＿‥二∴ニー－∴三三三二∴ノニ∴  
）1universityofEdinburgh・Roslinhstitutc，Neuropathog叩SisDivision，1compton，  
Newbury，Berkshire，RG207NN，2wcstMainsRoad，EdinbuTgh，EH93JF；   ） 
veterinaryhboratodesAgency，Lasswadehboratory，PcntlandsSciencePark，  
Bu5bLβan，P¢nicuik，Midlo山an，E揖60PZ  

4correspondingauthor・Currentaddmss：DivisionofAnimalProduction＆Pubuc  
Hcal山，FacultyofVetednaryMcdicine，UnivezsityofGlasgow，BearsdenRoad， 
Glasg叫G611qH・E－mail：叫血ac・ukTcl：0141330694言下弧：0141  
9427215．  、－二「   
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lnmostcaseswhlerB2unitsofbloodwereobt且ined，OneWaStranSfusedaswhole  
blood（withoutleucodepletion）andtheotherwasusedtoprcpareabufBTCOat  
丘acti（〕n．  

BSEbloodtran5ru5io耶  

Fi鮎ensheepcxpeTimentallyinoculatedeitherorauy（14）orintTaCerebrally（1）with  
5g’oro．05grcspectIVelyofBSE－inftctedcattlebraiqhomogenatewercusedasblood  
donors．ncdonorPrPgcnotypeswcreARQ／ÅRQ（n＝3），ARQ／AHQ（mま5）or  
AHQ／叩Q（n＝7），Whichareresistanttonatural・SCraPicinthe．NPU幻oqk，but  
producethtshortestlPsaRerinoculadonwithBSE．Twoshecppreviouslyreportedas   
donors9werecxcluded丘omthe叫dy（alon頼ththeirrecipients）whenre－  
gen叫ping5bdwedthemtobeÅRq／ARRandVRq／AHqresp¢C如ely，genOt沖田   
whichresultinrclativercsistanCetOOralinftctionwithBSE．  

E］cvcndonorshecpprovid亡dbloodfo（tranSfusionatthepreclinicaIstageor  
h触don．Eigbtor山田eWじn：CⅦ11edat鮎time■ordonat血益partOraSeparatetime  
COu帽epathogc眠Siscxpモnment・neremai叩gthreepreィIinicaIdonorswentonto  
devclopclinical戸ignsofBSE，WithrespectiveUsof629，76land2131dayspost   
tnicall  

Peripheraltis盲ucsγereCOn丘mcd・inallclinicallya肋ctcddonorsby   
血皿皿○坤血抑輌岬q・btwodono柑 

． 

dorsalroot芦弧如n（6呵9）・How¢Yer，8年¢gatiY¢ー甲ultyi5qbtain∈d・W匝n也＝ame  
ti5Sヰwc巧・血nun嘩inbd・inanotぬIabor叫呼J鱒r里堅甲1阜鱒q／血Q 
血ipiぢnt5■ofwh中blood血d7ÅRq／ARqrc車enbofbu呵GOat′鮎mPSE－   
inftcteddonprsTFigurclgivesasu叫aryoftheFXPed桓entaldcsign，tYhiIedetails   
Ofthcdonorandrccipient＄heepareinTablel・  

Strapieuoodtrln5hsion5 

ncdondrぶ餌叫s㍑pe壷り【小壷坤VRq〝Rq血ムpevRQ／ÅRqCbc寸iot   
Sheep＆omtheEdinb？rghNPUn叫Wh呼SheepofgleSe亨enOtypcsshowadisとase   
incidenceapproacbhglOO％・E一旬e血oIpglCaland・pa山olog】Calevid印Ce戸uggeSb   
thatinftttionocrrsarodndthetimeofbirth・Bloodco11ectipnsweremade＆om  
animalsin3difたrentagcgroups（200－250days，450－500days，700－850days）to  
representdonorsatdi丘もrentpre－CLinicalstagesofdisease，aS■wellas丘om◆oneclinical  
case．・Seve占donorswereculledaRerdevelopingclinl甲Isig瓜Of言crapie8tageS  
rangi皿g仕omlO81to1556days，andwereconnrmedposlitivebyhistopathologyand   
IHC・TwodonorswereculledbefbretheQnSetOfclinicalslgnSatl197and1350days  
ofagerespectively，butPrPScwas血tectedintheiTtissuesbyrHC．Twodonorsdied  
PTematurelyat349and974daysofage：OneWaStHCnegative，izltheother，dle  
tissueswerり00decomposedtoallQWanalysis．・There・WerC21recipients（au  
VRQ／VRQ・PrPrgenotype）▼Ofblood丘oms9rapierexposeddonors；elevenl咋re  
transRISedwithbu喝COatandlenwithwholeblood．SceFigurelforasummaryof  
theexpe「imentaldesign，andTable2fordetailsofdonoralldrecIPICntShcep 

Po5idveandnegadYeCOローrOIs  

Fromww・bIoodjournaしorgatCehtra－B．00dlnstltut8doJapaneseRedCrossSoc，BtyOnOctober16，2008．For  
PerSOnalus80nty．  

WaSthesmalIvolumesofbloodthatcouldbc叫ected．Incontrast，therela（ive   
Similariryinsizeofsheepandhumansmeans恥tvolumesofbloodcomparable（O   
thoseusedinhumantransfusionpracdcecanbeco11ectcd鮎mandtmns知sedin（0   
＄heep・U5hがhismodel，Ye叩Vio血yre押edp血血叩ー鞘1bshowin郎hatbo血   
8SEandnaturalscrapleCOuldbelransmittedbetweenshcepbybloodtransfusioh8，，．   
AlthoughscrapLeisnotthoughttobetransmis岳ibletohumatu；，lt心asincludedas8   
reprらSentadvcorinfねionicquiredunder鮎1dcondi血ns，WhichmaygiY¢di飴rent   
resultstothoseobtained丘omexperimcntallyinfヒctedanimals．Ourbloodtnl］Sfusion   
experi云Ientinsb叩ほCOmpletea鮎rnheyea巧，肌d曲paporpr8Senb也e如11dぬ   
丘omthes如dy・TheovcralltransmisiontatcsLbTbothscrapicandBSE8rC   
SurPrisinglyhighwhenfactorssuchasthestageofinftctionandgenぬbackgrouzLd   
aretakeninto左ccount・SuggeS血gthatblood加nsfusion・rePreietltSane餌cientroutc 
Ortmn5mi5Sion 

Materi且1sandMethods  

Donor丑ndre⊂1pientざheep  

、m¢animalworkwas柑Yiewedamdipprovedby・iれ血alE肌alRevi呵m血如s   
atthcTns血tefbrAnima川caIth，UK，8ndcarricdo血underthcauthority．ofH6ふe 
0僅ceP両ectLidences．   

器…：糀㌶▲：…裟霊冨蒜霊宗慧慧：慧慧諾ごき怒筑 
8nd′17l・血ich貼vebeれ1in旭to・SCrapiぢ＿印加野馳i坤（e・g・ARQゆ澗¢nb   
alanine，arginineandgluta血erespectively8tCOdons・1▼36，154andl・71）．  

1   

AlIdo占brlshcepwere＆omtheEdinbvrghNPUebcviot加味whichhaBCndeinie   
痛∬al5Cmpi9・¶¢弼ipi印tSheヰ（inc【udingさCmpien呼tiv¢CO血01doho可鱒eふ 
Chevio也・d叫¢d鮎mtheDEFM£叩ie壷¢PEFM円触kdfN亡扉Zeal叩d   

brigin・TransfusionTe叩IentS，POSitivcaJldnegative．controIswer抽ouscdina   
PurPOSe－builtisol8tidnuniton8difftrentsitetothcdonozs・Wi（hs（rictproccdu   
placetomihimise血d5kor¢mS5ヾOn伽Iin8tionbe抽eeng－pupS，おdぢeHb出9二¶色 
SheepwerescoredatlweekIyintervalsfbrclinicalsigns・OfTSEs；andkilled☆hcnthcy   
rcachedhumanecndpolntSaBreedwiththeHbmeO爪ce・Forexperimenta11y 
！nocula【cdadlmals（BSEdonors，POSitiYCCOntrOJsandtransfusionrecipicnts），thc   
LnCuba【ionperiod（P）inclinjcallypositivesheepwasdcnnedasthepcri9dbetween   
thedateofinoculationandthed＆teOfdeath・Forscraple－eXPOSeddonors，dlCPin   
Clinical［yposMvesheepwasde如edas（heageatdeath（i・e・dleyWe空aSSumedio   

havebecomeinfヒctedimediately鱒erbi仙）．  

Btoodcollectiollindtramsrusion  

Proceduresfbrbloodcol18Ctio〟血ns餌5ionwerF－aspre扇ou吋descdbed9．Bd頭y，   
VenOuSblood（450－500mlヒ1unit）wasco）lectedintosterilecollcctidnba色S叩PI－   
Fresenius，Ernmer－Compascuum，NりCOntainingcitratephosphatcdextros亡adenit）e   
SOlutionasanticoagu［ant・Fromdonorsthatwereabou（tobeeuthan8Sed，2unitswere   
COl】ectedjustbefbrepost・mOrtCrn．Whilefromdonorsthatwere（Obele氏alive，   
SeParateCOllec（ionso［1unitweremadeatleast28daysapartHowever，fbrpractical   
reasonsitwasnotalwayspossibletocollect2unitsofb［00dfTOmeVerydonorsheep・  
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TakhgdlereSultsforal122rccIPicntsofblood＆otnBSE，CXpOSCddonors・nVe  
clinicalca5eS・and山【モ6血ep5howing¢Vid¢nC叩rin氏dionin【heabs亡nCeOrClinical  
slgnSWerCidcnt血d，givlnganOVeralltransmissi6nrateof36％・  

OnercclplenlwasculkdfbrheaLthrcasonsat1444daysposttransfusion，tWOWere  
cu11edwithsuspectcdTSEcLinicalslgnSat2480and2160daysposttransRLSion  
respectively，and山一emaiTLJngCli山ca11ynegatiYeShecpwerecuucdbetwecn2239  
and3068daysposttranshlSion・Withoneexception・C7’aminationoftbetissuesby  
mcdidnot鮎d¢雨中CeOfinfbGtion・neCXC咄ion（D337）wa5Culled．狛30＝ト加y5   

invoIvlngmqOrWhitemattcrtractsandsparugthedorsalmotQrnuCleuso［thevagus  
wassimila．t。thatqf由or98（Or・・atypical”shcとpscrapie）andulerCfbreunlikcLytobc  
transfusionィelatcd，NoothersheepinthcpresentstudyshowcdcYidenceofbeing   
i嘘鍾dwi山at沖ica】scmpie・  

Outofthetenshecp山atwereiJlftctedintravenouslywithBSEaspopitivpcontroIs・  
eightdcvelQpe4clinicalsign5COnfinTLedby担C，withanaveragcTPof702days（i＝  
6rdaysstaudarddcviation）．TheTemainingtwoanimals料ereculledat2591dayspost   
h如ion叫叫頑notde甲蜘血yclinica11ya鱒C勅mC血wらqPrPSt  
depositioninthcbiair卵ndlymphoidtissuesofbotha血als・Thesetwo声heepwcT盲  
hetcrozygous（PL．68）．fbrthePrPpolymOrphismP168L（SeCabove），WhiledleOther   
らi由tw耶homozygou5伊Plめ  

職ePが¢prb丘16血binedbyⅢCftomBSEpositiYereCipi9nbwa5血s肌eaS仏訳  
foundintheorallylnOCulatcddonorsandinthcppsitivecontroIst61Inaddition・   
Chaz7LCtChsticBSEglycofbrmpattcmswercobtainedbyWestBmblot8rLatySISOf  
冊Sop－ositiv¢如orand．耶ipi画面p（申年聖tSho叩；与らe9）誹dino叫ati′OnOf 
bia叫OmO＄enitcseo町inftctcddopofiand・reCipientsinToap叩lofinbredmouse  
鍋jns岬duc6d・恥読d■1軸npr坤桓‘cムahct鵡‘ticofBSE（daりnOtSbもwn）・Taken   
logether，thc＄e－rcsul由confirmthatthest｛aincharactedsticswerenotalteredfollowIPg J  
tran5mi55io爪Vi云blood．  

ユ）Scr8pie如れ5 

Four？utOfteqrecipientsofwholebloodandfburoutof 
hmdonもrsintheprc－Clinicalphaseofscrapleinftctiondevelopedclinicals－gnSOf  
scraple，WhichwerecontirmedbypositiverHCresults・Onesheeptrans氏ユSCdwiul  
bufb，COa血mthcsinglcclinicaldonorwasalsoclinicauya晩ctedandmCpositive   

1 

1615  
daysposttransRISionrespectivcly，andthc、eightremainlngr甲tplentSWBreCuued  
between2329and2484daysposttranshsion・Thesetwelvcanirnalswereclinically  
megativeatthetimeofdeath，andshowidnodetectAblcPrPScbyⅢCIThus，中neout  
or21reclpi8月bofbbod加msGrapほ一叩05Cd早b叩dcv¢lopedclinicals℃raPIC・   
gIYlnganOVeralltrarLSmissionratとof43％・  

Themajorlty’ofconfiLmedscrapiecasesinrecipients（nと7）occurredinthegTOuPS   

thatreceived（rans氏1Sions丘Qmdonorsinthelatepre－Clinicai（＞50％ofest血atedⅣ）  
orclinicalphaseorinfic－血On】y20utOr9reclplenbinthesegroupsremained加c  

Fromwww．b10Odjoumal．orgatCentralB100dlrLStitutedoJapane＄8RedCrossSoc旭tyonOctob8（16．2008．For  
Pe「SOnaluseonly．  

SevenARQ／ÅHQandthreeARQ／ÅRQsheepwereinftctedintravenouslywith9．2g  
OfthcsanleBSE－inftctedcattlebrainhomogenateasglVCnOrauytOthcblooddonors，  
andserYedaspositivecontroIs．NopositivccontroIswereusedinthescrapJC  
如n5血ぶioれeXPedmen【・Asn88a【iv8の血行01ぶねr山¢BSEt∫弧さ丘ほione叩打ime叫12  
ARQ／＾RQrecipientswcregi、・entranSalSionsofwholeblood（6）orbuf秒coat（6）   
＆om7ulinftcteddonors（6・ÅRQ／AHQ・1ARQ／JuR）・Twor子中icntsdiedat633  
daysandl181dAysposttransfusionrespectively，andtheremaLntng10recIPicnts  
WereCulledbetween2462and2586daysposttrans血扇on・AsnegativecontroIsfbr  
theぶCraPjeexpedme吼16VRQ／VRqざhe8preCejv8d8仙erwboleblood（8）or加f抒  
COat（8）collected丘・Om8uninfbctedVRQ／VRQdonors．Therewcretwointcrcurrent  
d¢athsat397daysand464daysposttrazLS丘LSion，andthcother14animakwerq  
cullらdbctw¢Cn2d52弧d・2409day叩OSt血相氏血n．Non¢0紬6nega血¢CO山Ol5  
fbrtheBSEorscraplee，XPerimentsshowedclinicalslgTuOfTSEsandallwererHC 
点呼かe伽PrPSc・  

PrPSくdetecdonbyimmunohlぶtOChemt5打y叩C）  

Tissucsamples＆omthebrain，Spleen，meSCntericlymphnodeaムdpalatinctoEuilof   
【heshe町under£餌dyw閃鮎ed加ゎmaldeムy血胡dpro005占d拍Ord山gto  
standardprocedures．Scctionswereitnmunolabelledfbr？rPScdetectionbymCw仙  
prlmaryantibodyLR145，WhichrccogT”ZeSthe222二226aminoacidsequcnc60fovine  
PrPlt，aSd¢SGdbedpreviou吋川  

う   

Re∫Ulb   

l）BSEtransIu5ionexperimemt  

ÅtotaloffivtLtrahsfusionreclplentSShowedclinicals！gnSOf▲TSEs，andwerc  
90n血edpo頭晶沌ymrCan肌用e5甲b】dt（5e嘩bl81＆Fi如才）・恥占 
InCludedtw岬l 
donorsinthepreやnicalphasヲOfinfec（ion（a（45％and50％ofcst坤【edIP， 
respectively），dsreportedprcv10uSIy8・9．Twooutorthreerecipicntsofwhol抽lood  
andoneoutoftwo 

d8Velopedc】inica＝〕SE．TheP5inthefiv8C】inicallypo5itiverec岬18ntShe甲田鴫ed  
n’Om531to610day；POSttranSRISion（meanj＝SD完565j＝35days），andulerCW㌍nO  
ObviousdifferenceinthePsofthosethatreceivedblood丘・OmPre・ClinicalorclinLCal  
donors 

i。ad。  
Othertissues・Oneofthreerやientsofwhbleblood（G92）alndoneoftworqcipients  
ofbufb，COat（G61）fromclinlCaldoncrrsshowedweakPrPScdepositibninthebrain  
andlymphoidtiss 
re5PCCかely，in伍cab5enCeOrClinica15王卯ぶこful】鍾que乃Cl喝OrfhePげg8neOr血se  
Sheeprevealedthattheycarriedanadditionalprolineこ（P）toleu叫e（L）substitutionat  
codon168I4115，Whichappearstobeassociatedwiththeprolongedsurvivalofthese  
infbctedsheep．ThepolymOrPhismwasalsoidentifiedintworecIPientsofbloodftom  
apre－ClinicalBSE－Chauengeddonor，neitherofwhichshowedevidenceofinf玩tion 

き   
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Ofinftc（ion・TheothertwopositiverecIPICntSWereinthegroupof6shcepthat 
receivedtranshsionsftomdonorsat28－37％ofestimatcdIP，aTLdlheiTIPsweremuch   
longerthantherest（110land1138daysposttratwfusioncompartdtoarangeof575－  853d 
aysinrecipientsorbtood＆omdonorsat＞50％ofestimatedI町Nodiseascwas   

COnfirmedinthe6recIPlentSthatreceivedblood丘oTndonorsat≦20％ofestimated  
If．   

ThePrPScpromebbtainedfrombrainsofdonorsandreclpienbhighlightcdsome  di飴 
rencesint叩50fpresence’orvascularplaquesorglia－aSSOCiatedPrP㌣in   

dono雨utnotinTeCipienb，OrVEceversa（unpublishcddab）・＄uchdisdrcpanciesγFre int 
erpretedaspresenceofmorethanOnenaturalscrapiesthi皿inthenockofodgln．  

Di5⊂uS5ioれ  

Theoutcomeo用cbloodtransRJSionexpeTimbntsshowed血ttwodifrbrcntTsE   
agents・SCrap如ndBSE・COuldbcrcfncientlytrglSddttcdbetwc∈nShccpbyblood   
trans餌ioniuSLn塵volumcssiniihrto也osecmployedinh血ntrans6JSions．ne   
OVeraIltransmi5Sion咄berc印tagebralI帽Cipi¢鳩山atbぞ叩¢in触t叫扉¢帽   
36％飯BSEadd43％伽5Cmpie・・FdrBSE，也¢丘糾ーホ郎m血叫函摘壷   
anticipatedbecatuithreeofthceightBSBinfヒctedrccipicntss叫Yddforlong  erio血w 
p仙outsbowimgclin血l51gn5，Wber由au血eさmpie・i血鮎tedrepipienb id 
end朽とdbyt11C；werc血clinicallypdsidvc・TTtcgrciterp坤bilityof叫占Iinic；1  
in鮎tio？in近cjpl叩0蝕00d倉0血BSEや申ざ由d油壷南l鴫吋叫坤頑崩勒 in山¢ 
如山里申pdb呵to抽ctiもd・血呵ゆ均嘩d翫鯨始印面如血   

WhEch崩tlbcdi血5Sed・bc16w．，Theresultsare血由istね（Withhckn。Whfhctsabbut   
tranざmi55io正br、℃血b津loodt鱒血si品inhum8逼1丁．・由吋扇丈姐湘00ls払own   
to血c化e如摘1il抽？dp仙也勤m18d禦聖禦や聖車轡西空中d  Vm 

qWe止別輔edup、in’鱒npnこgoing鱒dy：馳d・射場郎琉由1pl¢地ぬveも占。h   

COn爪med仙i長11y且ndpa血oIogi¢叫asvCm蝕鴎・南仏晶ぬ竜1s七。輌e山 
i   

tra 
nsAISion・ShowedPげScdepositsinlymphDidtissuesbutnotbraiTntPOStmOrtCm，   
andisthoughttoreprcsentpre－C“nipalorsubT，ClinicaJin加ion21．neseEbur  
individualsrepresent6％ofthetotalrecIPlentS・Or12・5％ofre叩IentSSurViving  l 

o喝erthan5ye訂S．   

Variousfhctorshnuencethetransmissionratebytransfuiioninbothsheepand   
humans，i血1uding：（i）仇einten・81bモ血eenblooddona血nand血eon5e呵Clinical   
Sign5h鵬dono柑・（ii）geneticvaHationinsusceptibi－ityordmld柑・andrゆienb， 
and（iii）thebIoodcomponenttrab5魚柑ed．  

1）Stageofincubationpedodofthedonorsatthetirheof9looddonadon．   

Theefrtctofthestagedfincubation．canbe畠tbededuced鮎Tnth竜resultso蝕e   
SCrapietmⅦ鮎i甲奴perimenいbce也ePrPgenotype－orthesh強心ed（ⅦQ∧取Q） 
rendersthemaL軸stlOO％su畠ceptibletonatuTalandexpcrimentalinftction22，ne   
StageOfincubationofthedonbrhasastronginnuenceonthe・probabilityof 
traワSmission（OthFreCipie岬iguTe2）・・Whendona【ionsweてemadeat≦20％of（hg 

estlmatedⅢ】・therewasnodiseaset（anSmissi6n，WhiIedo叫OnSmadcat＞50％orthe   
estimatedⅣprodムcedan80％transmission叫Withameanu）pr729days（亭D土  

Fromw、〟．加odjournai．orgatC古口tr8柑to感！ns批王台d8」apan8SeRedCressSoc‡etyonOctober16，200臥For  
PerSOnalus80nly．  

99）h血recipient5．Bloodcollectedat28－37％or也eestimated【Ptr弧5mitted   
infbctionatalowerrateofapproximately33％，andwi叫ongerrPsintherecipients  
of＞1000days．nedataareconsistcntwithagraduaIincreaseininfectivityinthe  
blood，＆omapproximat吋30－50％ofH）until山ecLinicalphase 

ILltheBSEtransf厄ionexperiment，thecorTelationbetwecnstageorinLbctionand  
tTanSmissionisnotcLear＜ut，butshowsdleSamegeneral【rendorincreasing  
probabilityoftransmissiontorecipientsasinfbctionprogessesinthcdonors（Fi卯rC  
2）．Possibleexplana血ns払ー血lower血mmission．mt6S丘ompre－ClinicalBSE・   
infectedblooddonorsc？mPiredto．pre＜1inicalscrapie－inibcteddonorsinclude：  
a）Variationinsusceptibilityto．infbctibnofbo仏donorandrecipientsheep・Tbis  
wi11bcdiscussedbelow．  
b）Di脆ー¢nC鵡inth叩血gene5is▲OfnatuふIscrapieandcxpcdm師alBSE．  
VRQNRQshccpmahlrauyinfヒ云tedγidlSCraPiehaYedetectablePrPSc 
depositsinLymPh？idtis印eSearlya鮎rinftction（i・e・＜50％estimatedⅣ）抑・  
Timccou【SeSbdics．ofARQLARQ◆shecporallyinfbttedwithBSEshowedthat  
prpScw鮎ndtconsi叫ntlyd叫Ctedinlympboidti5Su那bcぬreatlと鮎t65％of  
the▲aYCragC甲7．Ifinftctiv吋int＞loodcorrelateswithitspresenccinlymphoid  
tissucs，山iscouldcxpl8in也edi鉱一印CCSObservedinthetwotranBfusion  
¢XpemCn【s・  

neprobabi厄年Or肋mm桓如坤血．pre■仙鼻血dono亘is．or卯atびtrelらVanCetO鮎   
human予ifuadod・inthtcasOf血如tran申Siop－r6latedtransmi＄Sions・OfvCJD・・血e  
donorsdcveloped．clinlCqt・SlgnSbetweer117T42mon也s▲aftcr・dDnation・¶厄mea’nⅣ  
fbrvCJDha主bcen：？Stimitcdtobc．16．7：yearS，Withalower95％connden中nterval   
ofappfOXimately12・4y毒r＄？5：Therefbte，itislikelythat山e’tr！nSfusion－related◆vcJD 
ca5朗rGSⅥ！tcd伽m・do頑ion5囲血at18弧tbal匝年ythr？ugblheIP，Whid－is・れ  
8耶emeホi両t埴e毒淀ふ攣りbよsh坤－£癖叫甲昼ふvcJつ’ca5射hetim桓gor  
detectablclyh帥oidreplicatipninthepre＜1inicdlぬgcsLofdiseaseisunknown；   
theTefbreitisnotclearyhethヒrthep画pheralpathogtnesismorcrcloselyresembles  
BSEornatura15Crapleinsheep‥ 

2）E臨ctorgeneticYad8don 

Åsma11proportionofs丘eepwithA一，6Qm／A，，6QmPrPgenotypesdonoとsucc心mbto   

豊憲器架設澤環慧票蒜笥踪㌍㌫器昔  
Clearlyunderstcod，butitqanbeprcdictedtoreduceinfbctionratesinbothldonorand  
recipientsheepinthe白S寧tranよ餌sionixp改正最知LTtlemajorityo［prc－Clinicaldonor  
ShcepL．（8／11）intheBSEtrans艮ISiopexperiTen【werekill・edat，0（・ShortLyar【er；the  
timeofdonation，andnoncshowedconclusIVeeVidenceofinfection，alth6t］ghtwo  
traJISmittedinftction畢Otheirie≠pectivetransfusionreQIPients・Itispotentially  

Slgnifkantthatdonors（hatfailedtotransmitinftctionwerchetero2：ygOuSratPrP  
codon154，WhileLhosethatdidtransmi（in食ctiorr耶rehomozygous．Thus．variable  
susceptibilitytoihLbctionamohgthpdonoT，Shecp▲maybc血er占sultofaprotective  
cfftctof●codon154heterozygositytooralc叫IengewithBSE，althoughmoredata  
arerequiredtoconnmthisa550Ciation．  

ÅnovelpclymOrPhism，reSultinglnaPrOlinetoleucinesubstitutionatcodon1680f  
thePrPgene，WaSidenti百edinfburl〕SEtrans 
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COntrOIsheepmoculatedintravenouslywithBSE14・Å1lsixsurvived＞2000days   

ま 
．68L  

POlymOrPhismcanprotectagalnStClinicaldisease，butdoesnotpreventinEtctionby  
thein【ravenou5rOute・nispolymorphismha5nOtbeenidenti鮎dintheEdinburgh  
NPUCheviotsusedasdonorsiTltheBSE・CXPedment，nOrinsheepwiththe  
VRq／VR（〕genoけpe．  

ALthoughthegeneticbasisofsusccptibilitytoBSE桓fbctioninshecpandhumansis   
notdirectlycomphrabk・thevaJiabilityinrespopsctoBSEtbundinARQ／JuQsheep  
providesamorerealisticreflectionofthesituat10nwithvCJDinthehum8n  
populationthantheveTyunifbrmsusceptibilityofVRQrVRQshecptoscrapie   
inftction・In－addiHon，thesurvivalofBSE－infbctcdtransfusionrccIPlentSfbrupto7  
yearswithoutclihicalslgnSdemonstratesthatprolongedsecondaryincubatipn．periods  
and／orasub－Clinical／“canier”statearepossiblcfb11owlngtranSfusioninsheep．  
existenceo（suchsub・Clinicalorprolongedpre・Clin厄1infbctionstatesinhumarLSis  

一  
humanTSEshasbeerllinkedtocodon1290fthらPrPgene，Whichcanencodeei此r  
me也ionine（M）orvaJine（Ⅵ・Urltilre6ently，allcIinicalcasesofvCJD（iJIChldingthe  
3transAISionTrelatedcases）th8thavcbecntestedhavcbeenhomozygousfbr  
methionineat129（129MM）・lnterestinlJy，山e”pre－Cunical”individuFlbeli¢Vedto  
havebeenin蝕tedbytritlSRISionwasheteTOZygOds（r29MV）2l．Thercis  
accumulatingevidencetosuggest血tallh血an129genotypesmaybcsusceptibl占to   

慧認諾忠霊訝葦tlygreatcrlikelihqodofsub，ClinicaIinhctionin129MV  
3）E脆ctorbloodcomponent．   

Th≡fburtransAl－sionィ巳1atedvCJDinftc（ionsoccurredinirIdividua叫horcccived 
tra鮎餌ionsorredcells山athad’nolbeenleucodepleted・kucodepletionwa5   
introducedindleUKin1999tocontroltheriskoftranSmissiopofvCJDbyblood   

Subsequently，Leucodepletionofbloodfromscraple・infectcdharnsterswasshowEllto   
removeupto72％ofinftctiviynf341htheshecpcxperiments；onlywholeblood8nd   
buf5，COatWeretranShsed，becausewewere畠eeking（？eStabLishprodfqfprincipIcoE  
transmissionofTSEsbybIoodtr弧S氏扇on，血dassesslngWhetherinftctivity   
チPPeared10beconcentt’atedinthcbuEfy＆at・ThceEfEctofleucodepletionwashot   
lnVeStLgAted，butisbeingaddressedinafbllow－uPStudy，along＼Viu16stimatesor．thi  
distributionofinftctivityamongotherblood－components，includingplasma，Platelets  
andredce11s．  

1nourexperiments，tranSmissionratesdidnotappeartobesigni茄can（lydifferentin  
recipientsreceivingwboIebloodcomparedto■recipientstra甲RISed涙血butn，．COat．  
Tnenumberofsheeptransfusedwithbu勒COatintheBSEexperimentwastoosmall  

toallowstBdsticalanalysIS・InthescrapleeXPedment，fiveorthepositiverecIPlentS  
Weretran5且1Sedwithbu庁ytoat，andfburwithwholeblood・Thesimilari亡yin  
transmissionratesfbrbothcomponentssuggeststha〔theycontainapproxima（ely  
equiYaIentamcuntsorinFtctivib， 

WehaYeShownthat．fbrsheepinftctedwithscraplCandBSE，hightransmissionratcs  
caLbcachievedusingbloodtransfusion，Panicularlywhcndonorsareat＞50％of  
incubationpcriod．ThcTeSultsalsorcvealedthepossibilityノOfproIongedi？cubation  
pedodsind／orsub－ClinicalinftctionsinsomereclplentSOfBSE－it）ftctedblood，Whicb  
isatleastpartLyduetogeneticvariationinthesheepPrPgcne・Tbesuggestionof  

blood，inftctiYityisnotcloselycorrclatedwithlevekofprotcase－reSistant．PTP，but  
comparativctitrationsofbrainandblood－borneinLbctivityinsheepwillberequiredto  
furtherdefinethere18tionship・TheresultsofouTSheeptrans氏LSionexperimentsar？  
consistentwithwh8tisknowmabouttransAISion－aSSOCiatcdYCJD、tranSmissionin  
man，andsupporttheusecfshccp寧5aneXPerimentalmodelinwbichtostudythe  
risksassociatedwithdi蝕rentbloodproducts，dlee蝕etivencssofcontTOlmeasures  
andthedevelopmFnt6fqiagnosticandscreenLngteStS・   
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