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○輸血と変異型クロイツフェルト・ヤコブ病  

変異型クロイツフェル・トヤコブ病（vCJD）は血液を介して感染する可能性がある。血液成分を介した二次感染を予防するため、  
使用上の注意記載状況・  

複数の国で輸血歴のある供血者の除外が開始されている。Dynamicage－StruCturedmodelを用いて、この措置の効果を検討し  
その他参考書項等  

赤血球M・A・P「日赤」   た。これは1）供血者の行動、2）CJDの症例対照試験、3）受血者の年齢分布、4）受血者の死亡の疫学的データに基づくモデルと  
研                             しては初めてのものである。当該モデルから、食肉からヒトに伝播したvCJDは、輸血のみにより感染が拡大する可能性はないこ      照射赤血球M・A・P「日赤」   
究  赤血球濃厚液－LR「日赤」  

報  
照射赤血球濃厚液一LR「日赤」  

』ヒ 臼  

の  血液を介するウイルス、  

概  細菌、原虫等の感染  

要   
vCJD等の伝播めリスク  

報告企業の意見  今後の対応   

血液を介したvCJD感染予防の目的で行われている輸血歴のあ    日本赤十字社は、輸血感染症防止のため輸血歴のあるドナーを無期   
る供血者の除外措置の効果を検討したところ、食肉からヒトに伝    限に献血延期としている。VCJDの血液を介する感染防止の目的か   
播したvCJDは、輸血のみにより感染が拡大する可能性はないこ    ら、献血時に過去の海外渡航歴（旅行及び居住）を確認し、欧州36ケ   
と、また、輸血歴のある供血者を除外することにより感染を免れ    国に一定期間滞在したドナーを無期限に献血延期としている。また、   
るのは1％未満の症例にすぎないことが予測されたとの報告で    英国滞在歴を有するvCJD患者が国内で発生したことから、平成17年6   ，＼  

ある。  月1日より英国滞在歴1日以上の方からの献血を制限している。さら  
に、血液製剤の保存前白血球除去を順次導入し、平成19年1月16日  
からは全ての輸血用血液に保存前白血球除去を実施している。今後  
もCJD等プリオン病に関する新たな知見及び情報の収集に努める。   
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ヂ BJ00dTransfusionand＄preadof  
Variant CreutzfeIdtJJakob Disease  
KlausDietz，’G伽terRaddatz，’JonathanWa＝＄，†NorbertM【川eh‡lngaZerr，＄Hans－PeterDuerr：  

HansLefbvre．¶ErhardSeifried，＃andJohannesL8wer’’   

＼血佃nt Creutzfeldt－Jakob disease（VCJD）may be  
t（anSrni＄＄ibJebyb（ood．1bpreventsecondarytransrnission  
throughbloodcomponents．＄eVeraIcountrieshavestaTted  
toexdudeasdonorspersonswhohavereceivedabJood  
transhsion．VVbinvesti9atedthee飴ctivenessofthisrneas－  
urebyusIngadynamicage－StrUC（Uredmodel．1tisthefirst  
SuChmodelbasedonepidemiologicdata：1）bIooddonor  
activiゼes．2）acase－COntrOIstudyonCJD，3）agedjstバbu－  
tionofrecjpients．and4）deathofrecipientsofbloodtrans－  
fusions．The modelpredictsthataninfectionlikevCJD．  
Whichhasbeenintroducedintothepopu（atjon bytheafi－  
mentaTyrOute．COUIdnotbecomeendemicbytransfusion  
a10ne andthaton吋＜1％ofcaseswouJd be avoided by  
e不CIuding from b］00d donation those persons who have  
receivedatransAJSion．  

ding donors had not received any bJood trallSfusion．  
DiagnostictooIstodetcctprionsinbloodareunderdeveJ－  
Opment（3），butno routinetest fbrthe presenceofthe  
infbctiousagentsofvCJDisavailabIe．nerefbre，theques－  
tions arise as to whether aninfbctionlike vCJD could  
becomeendemicthroughblooddorlationaloneandtowhat  
extentexclusionofpotentialdonorswithahistoryoftrans－  
fusionwouldinfluencethetransmissionofsudlaninftc－  
tion（i．e．，howmanydeadlSduetotheinftctiorlCOuldbe  
PreVeIlted？）．TTle fb1lowing madlematicalmodeHs dle  
firsttoaddressthesequestionsonthebasisof－epidemi0－  
logic data and realistic and epidemiologically justified 
assumpt血－S・   

Methods  

ModeIStructure   

FigurelAshow5thetransitionsofapersonthrough  
thebasicstatesofpotentiaIdonoractivitiesandreceiptof  
bIoodtranshsion・Afterbirthapersonisinthesta［eofnot  
havingreceivedanytransfusionandnotyetbeillganaCtive  
donor（So。）．TYLe丘rstindexreferstotheperson’sstateasa  
transfusionrecIPlent；thesecondindex，tOtheperSOll’ssta－  
tusasadonor・PersonsinstateSoocanchangetostateSol  
bybecomJngadonorortostateSJOOOrS10］byrecelVltlga  
bIoodtransfusion．Thethirdindexindicateswhetheraper－  
sonwithatransfusionhistorycanactuaIIvbeidentified  
andexcludedfromdonatingblood（defヒrred）（indexl）or  
not（indexO）．TlleStateSS111andS．1。Canbereachedby  
eithertransfusionrecIPlentSWhostartdonatingbloodor  
active donors who receive a blood transfusion．BIood  
donorswhobecomeinactivearetrarLSftrredintothestates  
Ofex－donorsSo2andS12，dependingolltheirtransfusion  
history，Ex－donorscanalsobecometrans氏ISionrecIPlefltS；  
i・e・．thevaretransf由Ted斤ornSo2tOSl＝・DonorexcltlSion  

transftrsacertainproportionoftransfusionrecIPlentSinto  

t studies of variant Creutzftldt－Jakob discase  

⊥VvCJ D）indicatethatthisdiseaseis tl・anSlllissible by  
blood・Onecaseofprobableけansfusio11－tranSmittedvCJD  

inftctionhasbeenreported，andlcaseofsubclinicalinftc－  
tionhasbeendetected（）．2）．OnFebruary9，2006，athird  

CaSeWaSannOlmCedbytheUKHeal也ProtectionAgency  
（WWW・hpa・OI’g■ヰ／hpa／news／articles／press＿releases／  

2006／060209＿＿dd．htm）．Eachofthe3patientshadreceived  
abloodtransfusion丘・Omadonorwhosubsequentlydevel－  
OPed clillicalvCJD，Wllichiz）dicates that transfusion  

CauSedtheinftction．tloweveちaPOlicytoexcludepoten－  
tialdonorswhohadreceivedatrallSfusiollWOuldnothave  

PreVentedatleastthe朽rst2casesbecausethecorrespon－  

★UniversityofT批血gen．T臼bingen、GeTmanyこ†FreemanHospit軋  

NewcastIe upon Tyne．United Kingdorn；‡Unjversity HospitaI  

Essen．Essen．Gemlany；§Univers托y of G∂ttjngen．G6ttingen．  

Germany；¶DRKBIood DonorServiQWest．Hagen，Germany；  

＃DRK B（ood Donor Service BadenTW臼rttemberg，Hessen，  

Frankfurt am Main，Germany：and’’PauトEhrfichTlnstitute．  

Langen，Germany  
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ヂ  

Figurel．A）States and trans托ions for the  
mode［ofb100dtransfusionintheabsenceof  

aninfection．B）Routes ofinfection．The  
arrows representing deaths out ofallstates  

are omitted．Paths of donor exclusion are  
P（0壮edbydotted arrows・S001nOnreCjpients  
Who do not donate；Sol．nOnreCipientswho  
donate；S。2，nOnredpientswhoareexduded  
from donating：Sl00，reCipients who do not  
donate；Sl帥reCipientswhobecomeexcJud－  
edfromdonating；SllO，reCIPientswhodonate；  
Sll”reCipients who become exc（uded from  
donating：S12．reCipients who are exduded  
from donating．Indices replaced by a dot  
（PanetB）representallotherpossibfestates  
（e・g・．S。．rePTeSentSS00，S。1．OrSD2）．  
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thestateofex－donorsrForaususceptiblestates，FigurelB  
Shows也etransitionstotlleCOrreSpOndinginfbctedstates．  

1もblelprovidesalistofal＝nputparameterstogetherwith  

descrlpt10nSandsources．Tlledetailsofthemodetwitha11  
thenumericalparameterestimatesandtheequationsare  
givenindleOn］ineAppendix（avai1able丘・Om WWW．Cdc．  

gov／ncido〟EID／13／l／89－apP．htm）．Thecomputerprogram  
is available upon request．This article summarizes the  
m如orfbatLueSOfthemodel，thedatasources，andtheesti－  

mationofthemodelparameters．   

Demography   

Tbsimplifythemodel，Wedidnotattempttodescrit）e  
dledemographicsofthepopulationduringthenext150  
years・DoingsowouIdinvoIvepredictingchangesinrates  

Ofbirth，death，andimmlgratiotl．Itisassumedthatinthe  

absenceofinftction，tIlepOPutationis demogTaphically  

Stationary．Weassumedaconstantinnowofnewbomsand  
aJlage－SpeCi丘cdeathrate．Thelatterwas estimatedasa  
WeightedmeanOftheage－SPeCi丘cfヒtllaJeandmaledeath  
rates・Becausethis study wasinitiatedin Germa11y，We  
usedthecorrespondingdernographicdata．Tbstartthesim－  
ulationin a demographically stationarystate，the model  
WaSrunfbrlOOyearsw血outinftction．Thus，dleagedis－  
tributionofthepopulationwasidenticaltothelifttableof  
Gemlany2002／2004averaged over both sexes（WWW．  
destatis．de／download／dJbevoe／sterbetO4．xIs）．   

ModelingBtoodDonors   

BlooddonorsinGermanyare≧18and＜68yearsof  
age・TheratesforbecomlnganeWdonorandtenninatlng  

theperiodasallaCtivedonorareagedependent．Thecoト  
respondingparameterswereestimatedbyusingdatafrom  
262，071donors．－egisteredwith the Genllan Red Cross  

Tablel・Summaryofinputparametersfo（themodel★  

Parameters  Description  Source  

Age－SPeCificmorta［止y  

柑teS   

Donorrecruitment  

Propo相0nOfdono「s  

Duration as active 
dono「  

Riskofreceivin9  
transfusjons   

Transfusion－  
assocjatedriskfor  
death  

AlimentaFy infection 

Incubationperiod†   

Donorexclusjon  

U－Shaped．wi（hminimumatagelO．   

DoL10rSageS18－－67y．MaximunlreCrUitmentrateatage18，  
lowerplateauages25－50；furtherdecreaseuntiIage67、  

3％ofpoputation．  

Donorsages18－40y．meandurationasactivedonorlO－■  
14y，decreaseslinearIytoO．  

Bimodat．wjthpeaksfornewbornsandagedpersons．  
Multipletransfusionspossible．  

lncreasesaccordjngtoaslgmOid†unction．t＝17％atbirthto  
託48％inoldage．Forthosew托htransfusion－aSSOCiatedrisk  
fordeath．tifeexpectancy蓼S宋プ2．5yearsatbirthand  

decreasesto完0．5yinoldage．  

Constantove（aninitialperiodoflOy．  

Gammadistributedwithmean16y．SD4y・Sensitivity  
anaIysisw仙mean＝50yandsamecoefficientofvariation．  

EitherOor95％ofthosewithtransfusionhistory・  

FederatStatistica10fficeofGermany   

Age－distributionofflrst－timedonorsatDRK  
BloodServiceandagestructureinpopulation  

DRK Blood Service West 

AgedistributionofactivedonorsatDRKBlood  
ServiceWest，byageatfi「stdonatiDn  

Dataco＝ectedfrom4．867patientsMarch2003，  
UniversityHospitaIEssen．Germany  

FoJIow－uPOf竃3．OOOtransfusionreciplentSfoT  
託7・5yinNewcastIe．UK（4）  

Arbitrary assumption 

Models冊edtotheUKincidenceofvCJD（5，6）  

Arbitrary assumption 

■DRK．GermanRedCross；SD．standarddeviatiorI；VCJD．varianlCreuIAeldl－Jakobdisease  
†Timebetweeninfectionanddeath．j．e．．durationo†infection．  
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BloodTransfusionand＼庖riantCreutzfeIdt－）畠kobDisease  

ヂ  
TabJe2，Jointdistributionoftransfusjonhistoryandblood  
donation  

（DRK）BloodServiceW短tinHagen，Germany，hcluding  
age，S¢Ⅹ，ag¢at血stdo皿虹ion，nu血krordonadons，弧d  
dateoflastdonation．   
Theage－SPeCincprevalenceofactivedonorspeaksat  
諾24yearSOfageandsubsequentlydeclinesmonotonicaI－  
1ytozerobyage68．Tbeoveral1prevalenceinthepopu－  
1ationis3％，i．e．，2．4mi11iondonorsinapopulationof  
380million．   

NlodelingTransfusionRecipients  
TYle mOdeltakesinto account thatperSOnS may  

receive＞ltransfusion血rot）ghouttheirl脆time，butitdoes  
nottmckthenumberoftransfusionsreceivedperperson．  
Personswith≧1traJISfusioncontinuetobeatriskforin危c－  
tionfromfurther tranSfusions．TTle age－SPeCificrisk of  
receJVJng atranSfusion was estimated＆om datafor a11  
PatientshospitalizedatdleU11iversityHospitalinEssen  
during March2003．Of4，867patients，l，343（27．6％）  
receiYed≧1transfusion．ThenumberofpersonsrecelVlng  
abloodtraJISAISionineach5－yeaTagegrOupWaSdivided  
bythecorTeSpbndingnumb¢rOfpersonsin血egeneral  
POpulation．TheobseTVedrateswere仇tedwithasimple  
modeJdlataSSumeSinitialけan exponentia】decline and  
Subsequentlyaunimodalpeak，Whichisproportionaltodle  
densityRlnCtionofthellOLTnaldisbibution・Theseage一声pe－  

Cificratioswereproperlysca］edtobalancethey¢ar］ynum－  
beroftrallSfusio11SperCaPita．Tb】imitthecomplexityof  
dlemOdel，Wedjdnottakeintoaccountpersonsinsub－  
groups，SuChasthosewithhemophilia，Whoobtainblood  
PrOductsfrompooIsofdonors．Becausefbrmedicalrea－  
SOnSthesesubgroupsareexc］uded＆omdonatingblood，  
山eycarInOtCOntrib11tetOPerSistenceoftheinfection．   

lndependenceofReceJYlngandDona扇ngBIood  
The events of receiving a blood tMnsfusion and of 
donatlng blood are assuⅢedto beindependent ofeach  
Other・¶lis assumpt10nis supported by theresults of  
CaSe－COntrOIstudyofpotentialriskfactorsforCJD，Which  
WaS COOrdinated hythe ClinicalSurvei11anceCentrefor  
CJD，Depal血1ent OfNeuroJogyin G6ttingen，Germany  
（7）・Thble2showsthejointdistributiorlfbrthe controJ  
groupofhavingreceivedanddonatedblood．Accordingto  
theFisherexacttest，thepvaluefbrthehypothesisofno  
associationisO．43．   

けeterogeneitvintheriskofrecelVlngabloodtrans魚卜  
SionismodeledbytlleaSSumPtionthatonlyaproportion  
Ofthepopulationareatrisk，WhereastheremalnlngPrO－  
POrtionneverreceivesatransfusion．7nisassumptlOnWaS  
introducedtobeconsistentwithdata舟・Omthecase－COntrOI  

Study，in which＝ごl＄％ofthepopulationreportedhaving  
everreceived a blood transfusion、Withoutthis assump－  
tioIl，themodeJwouJdpredictthateventuallv100％ofa  
cohortwouIdreceiveabloodtrans員1Sionbecausetheaver・．  

DonatedbIood．no．observed  
（no．expectedifeventsare  
independent）  Received  

uood   Totaln0．（％）  No  Ye＄   

No  401（404）   104（101）   505（82）  

Yes  93（90）  19（22）   112（18）  

Totalno．（％）   伯4（00）   123（20）   617（100）  

ageaⅢ1ualriskofrecelVlngabIoodtransAISioTlisabout  
5％，i．e．，与4mi11ioninapopulationof80mi11ion．   

ModelingTransfLJ＄ion－a＄SOCjatedDeathRates  

The transfusion－aSSOCiated deadlrate has been  
describedindetailbyⅥね11isetal．（4），Agoodfittothedata  
assumesthatatallagesacertainproportionoftransfusion  
recipientshaveahigherrateofdyingandtheremaining  
propo托ionha5aSuⅣivalr釦e也如CO汀¢SpOnd5tO血ator  
personsofthesameagegrOupinthegeneralpopulation・  
Tllis age－dependentproportionoftranSfusionrecipients  
withanincreasedriskfbrdeathisdescribedbyageneral－  
izx；dlogisticfunctionwithapositivevalu？atbirthandan  
asymptote＜100％fbroldage．Thetrans血sion－aSSOCiated  
deathrateincreaseslinearlywithage．Theincreaseddeath  
rateappearstobeconcentratedinthe＆st2yearsaftera  
transfusion．Wallis etal．reportthat2，888patientswere  
observedaslongas7．4yearsaftertranSfusionsreceivedin  
June1994（4）．mesex－SPeCificrateswereaveragedfbrthe  
simulationmodel．   

Modeling the lnfection 
Usua11y thei∫一Cubation period refbrs to the time  
betweelltheinftctionanddisease，hthecontextofCJD，  

however，diseasecanreftrtoonset・diagnosIS，Ordeath・  
Like Bacchetti，Wealsofbcused ondeathrates（8LL）0）・  
rrlleincubationperiodisassumedtobegalnmadistributed  
withameandLlrationof16yearsandastandarddeviation  
of4years，WhichconfblmStOeStimatesofVa‖eronetaI・  
andGhanietal▲（5，6）．Becauseofgreatuncertaintyabout  
thelengthoftheincubationtime，Wealsoconsidereda  
．T”Chhighervalueof50yearsintheabsenceofthecom－  
petlng riskfor deatl一・The coe仔icient ofvariationis  
assumed（Obethesame，SuChthatthestandarddeviation  
is12・5years・Becauseofcompetlngrisks，the ac［ual  
sqIOurnir）theincubationperiodis15・3fbrallincubation  
periodof16yeal・Sand34・Oyearsfbranincubationperiod  
of50years・The proportions ofinftctedpersonswho  
wou］ddiewithdiseasesymptomsare79％and37％fbr  
theincubationperiodsof16and50years，reSpeCtiveIy・  
Thismeans（haffbranincubationtimeof50years，near，  

ly two thirds would die without disease symptoms・  
Hereafterwereftrtothesevalues of15and50yearsas  
shorfandlollglnCubationperiods．  
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We distinguish between2modes of tranSmission．  
hitial1y，theinftctionisintroducedintothepopulationby  
thealimentaryroute．htheUnitedKingdomthenumberof  
inftctedanimalsenteringthefbodsupplypeakedin1989；  
mostwereconcentratedwithinaperiodof10yearS（］1），  
Whichwetakeastheassumedperiodofalimentaryinftc－  
tion．A鮎rthisperiod，thismodeoftransmissionwasinter－  
ruPted sothatfurthcr transmissions are possible only  
thTOughbloodtran5fusions．  
Astudytodetectthepresenceofabnormalpr10L）prO－  
teininappendixandtonsiltissueshassuggestedapreva－  
1enceof235inftctionspermi11ionintheUnitedKingdom  
（J2），Vharbitrari1yassumedtheprevalenceofinftctions  
inGermanytobe＝＝lorderofmagnitude］ower，yieldinga  
CumuJativeincidenceof25permilliorl，Which wasthe  
valueusedforthesimulations．  

Wemade2contrastlngaSSumPtionsabouttheinLtc－  
tivityofbloodpreparationsandevaluatedtheresultsof  
thesc2simulations：eaChtransfusion（100％inftctivity）or  
no blood transfusion（0％il血ctivity）舟om allinfbcted  
donorleadstoinfbctiOnOfdlereCipient．Inthernodelthe  
infbctionprobabilitybrobabilityofreceivingblood育om  
aninftcted donor）is proportioTlalto the proportion of  
inftcteddonorsamongalldonors・Thus，WeCanCalcuJate  
the number ofinftctions 舟・Om blood trans氏ISiotlS COm－  

Paredwitl－thentlmberof－infbctions什oma］imentarytrans－  

missionalol】e．  

Modeling Donor Exclusion 

The modeldistinguishes betweenpersons、Vith and  
withouttransfusionhistory，termedreclplentSandnonre－  
CJPlentS；thesetermsareappliedtoperson5Whetherthey  
haveorhavenotdonatedblood・Themodelal］owsrecIPl－  

entstobeexcluded丘omdonatingbIood．Inmodelingdle  
exclusiofL OfrecIPLelltS，We tOOkilltO aCCOuntthatthis  
measuremaybeimperftctandthatacertainproportio110f  
reclplerltSmaynOtbeexcluded．   

ResuIb  

Fortheparameterestimatesobtained丘●omthesources  

described above，tlleiLlftctiollCannOt become endemic  
（Figure2）．IfweassumenOfurtherspreadthroughblood  
trans免1SiorLSa氏erlOyearsofinLtctio11Sbythealimentary  
route，themaximumprevalencereachedis；ご1，860（1，434  
fbrnon∫eCipientsplus426forrecipient5）becausesomeof  
theinftctedpersonsdjeofothercausesduri旦gtheincuba－  
tion period．Iftransmissionis assumed to be possible  
throughblood transR」Sions（100％injtctivity），then the  

maximum preva】ence among recIPlentSisincreased by  
＝78inftctionsa氏er4moreyearsfbrtheshollincubation  
Per’jodandby193infections a氏er23mol・eyeaz・Sfbrthe  

long Incubatlon period 
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Figure2．AbsoJuteprevalenceofinfectionforanincubationperiod  

of16（A）and50（B）years．fornonrecipientsofbloodtransfusion  
（SO［id．black）．recjpients underthe assumption ofnoinfectjvity  
（dashed，gray），OflOO％infectivitywi（houtdonorexcIusion（dotted，  
bladく）．andlOO％infectivityw仙donorexcIusion（SOljd，gray）・The  

prevalencededinesa允ertheaIimentaryrouteoftransmissionis  

jnterrupted．i・e・．a＾erlOyears・PrevalencedifFersonlys＝ghtJyif  

theinfectionprobabiIityofatransfusionfromaninfecteddonoris  

incTeaSedfromO％tolOO％．DonorexcIusionproducesnegligible  

redudions，  

We assumed that donor exclusionisimplemented  
irnmediatelyatthebeginT11ngOfthealime［1taryinfbctioI－  
ri5kperiod，Whicl－reduced the orlglnalnumber of－2・55  
miuiondonorsby二＝20％toavatueof2．05mi11iondonors・  
BecausetllemOdetdoesnotaccountfbrthestockofblood  
donations，thisreduc（ioninthenumberofdonorsmustbe  
compensatedfbrwitb anincreasedrateof－donatjonsper  
donorLosatisfythedemand；i・e．，theave．‾agenumberof  
donationswouldhavetoincrease斤01nl．6to2perdonor  
peryear・Figure2AshowsthatdonorexclusionhasaJmost  
noef詑ctwhentJleit－Cubatiol一periodisassumedtobe16  
years．Theab50Tuteprevalence（i・e・，theactualnumberof  
infectedpersons）di舵rsatn10Stby91Fora】ongincuba－  
tion、difftrencesarevisible（59personsatrnost）butsmall  
inviewof（helongtinleintervalsandtlleSizeofthetotaI  
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POPu・1ation（Figure2B）．nereasonfordleSeSma山di飴【－  
encesisdescribedbelow．  

¶1eCumulativenumbersofdeaths打0皿thciJlfbction  

areglVeninTbble3．Thenumbersareconsiderabb，Smal1－  
erforthelongdlanfortheshortincubationperiodbccalJSe  
alongincubationperiodimpliesmoredeaths丘omother  
causes．Tbehumbers areglVenSeParat6）yforcasesin  
patientswithandwithoutahistoryofbloodtrzLnSfusion．  
Therouteofinftctionfornonrecipientsisalimentaryonly，  
Whereastherouteofin危ctjonfbrrecipientsistJnClear．If  
WeCOmParethcsimulationsat100％andO％intbcdvityof  
blood transfusioIIS，We Observe172and224addidoIlal  
CaSeSfbrtheshortandthel叩gincubationperiods，reSpeC－  
tively．Thesenumberirepresent11％ofl，557aJld31％of  
725cases，WhichwouldbeexpeCtedforO％infectivityfbr  
theshortandlongincubationsperiods，reSPeCtive］y．For  
theshortincubationperiodweexpectahigherabsolute  
numberofalimentary cascsbutasmallerproportlOnOf  
transfhsioncasesthanfbrthelongincubationpedo  
exclusionofdonorswouldpreventonIy15and50cascs，  
i．eり完15（0．9％）ofl，729and50（5％）of949，re甲∝tively，  

atdleendoftheepidemic．Theepidemic］astsfor3B500r  
霊］50yearsfbrtheshortandthe］ongincubationperiods，  

respectively．   
mepredictedyearlyhcidenceofdeathsduetovCJD，  

SeParatedbytraJISfusionhistory，isshowninFigure3・¶一e  
yearlypeakincidenceoftota】deathswou］dbe12＄arLd29  
fbrtheshortandthelongincubatioIIPeriodsat23and51  
yearsaiterthebeginnlngOftheepidemic，reSpeCtively．For  
O％infec（ivitythepeakincidencewouldbeonly5and3  
CaSeSless fbr the short andlongincubation pcriods，  
respectiveJy，Whichimpliesthattheexclusion ofdonors  
with a transfusion history does not e舵ctively prevent  
hfヒction．   

Figure4shows the predicted yearlyincidence of  
deathsaccordingtotherouteofinfbction．Tlletimelags  
between thepeaks ofdeaths duetoalimentaryinftctio11  
andduetotransfusionclearlydi蝕randare9and20years  
forshortan（‖onglncubationperiods，reSPeCtively．   
Finally，We COnSideredthe absolute prevalence of  

infbcteddonorsaccordhgtotheirhistoryofbloodtra皿Sfu－  
Sion（Figure5）．Mostinfecteddonorsdonothaveatrans一  

触ionhistory，Whichexplaiz）Sthenegligiblee鮎ctofa  
policyexcludingtransfusionrecIPlentS斤omdonation．   
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Figure3一丁heyearlyincjdenceofdeathsfo「anjncubationperiod  

of16（A）and50（B）years．Theblackcurvesshownonrecipients  
of blood transfusion who wereinfected on）y by the a）imentary  

route．These curves areindependentoftheinfedion probabiljty  
andtherateofdonorexc］usion．Thelower3curvesrepresentthe  
deathsofrecipientsoriginatingfromO％infectivityofb100dtrans－  

fusions（dashed gray）．100％infec（iv托ywithoutdonorexdusion  

（SOlidgray）．andlOO％infectjvityofb100dtransfusionswithdonor  
excfusion（dottedblack．almostindistjnguishablefromso［idgray  

lineinA）．The d椚erences between the solid and dashed gray  

CurVeSrePreSentthecasesduetobIoodtransfusion・  

TbdetelTninewhetherthesamemOdelcouldalsopre－  
dicttransitioni11tOapOSitiveendemicequilibriumofthe  
in克ctioll，Wemadetheunrealistic assumptlOnSthatdle  
rates ofdonor recruitment and donorloss are constant  
betweentheagesof18and67andthattherateofreceiv－  
1ngabloodtransfusionisconstantthroughoutlife・Then  
themodelshowedanextremelylongtime（＞2，000years）  

Table3．CumulativenumbersofdeathsfromvariantCreutzfeldt－Jakobdiseaseattheendoftheepidem  

Withouttransfusion Withtransfusion  Tota（no．cases  lncubation period Donorsexduded  山一∝頭v托y（％）  

Short  
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TbekeyinnovationinourmodelisthesimultaneOlユS  
incorporationof6fuJICtionsthata11dependexplicitlyon  
theageofaperSOn：1）naturaldeathrate，2）rateofreceiv－  
ingabloodtransfusion，3）ratesofdonorrecruitment，4）  
donorloss，5）deathrateassociatedwithtransfusions，and  
6）proportionoftransfusionrecipientsatincreasedriskfbr  
death．Theage－dependente飴ctsoftheseprocessescannOt  
beignored．Peakagesofdonoractivity（之22years）andof  
receivingabloodtransfusion（誓70yea［s）arequitedistinct  
and＝＝50yearsapart．Thisagepatterndoesnotfhvorthe  

SPreadofinftction by bloodtransfusion．An0therfactor  
that acts againsttheinftction becomlng endemicis the  
transfusion－aSSOCiateddeatJ－rate．Thegoodqualityofthe  
fb1low－uPdataofnearly3，000patientshelpedtoincorpo－  
raterealisticassumptlOnSaboutthesurvivalprobabilities  
OftransfusiollreCipients（4）・Theonlydataavailableabout  
thejointdistributionofblooddonoractivityandhistoryof  
abloodtranSfusionwastheCJDcase－COntrOIstudyper－  
fbrmedinG6ttingen，GerTnany（7）・  
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Figure4．YeadyincjdenceofdeathscausedbyaIimentaTytranS－  

mission（SOlidljne）andbybloodtransfusion（dashedline）．The2  

PeaksdifFerby9and20years．dependingontheincubationperi－  
Od二16（A）and50（B）years．respectively▲  

10  20  30  ヰ0  50  

N（〉，1押a侍  

beforepositiveequilibriumwouldbereaclled（resultsnot  
Shown）．   

Discussion  

OurmodelisthetlrstattempttodescribeinareaIistic  
Waythetransmission．）finftctionsthroughbloodtranSfu－  

Sions・h1994，Velasco－Hemandezproposedamodelfor  
thespreadofChagasdiseasebyvectorsandbloodtransfu－  
Sion（13）．HismodelwasusedbyRobertsandHeesterbeek  
tointroduce theirnew concept【o eStimate the effbrtto  
eradicateaninftctiou5Idisease（］4）．HuangandVillasana  
included transmissionthroughblood transfusioninan  
AIDSmodel（）5）．All［hesemodelshaveincommonwhat  

habaand Sekine statc about their extension ofVelasco－  

tlernまndez’sChagasmodel：“…hereweassumethatblood  
donorsarerandomlychosen丘■Omthetotalpopulation，and  
SOthereisnoscreenlngandtherecIPlentSOfblooddona－  
tions are donating blclod themselves at the same rate as 
aJlybody else・Thisis an u11realistic assumptlOn，but we  
wi11useit・”（］6）．Theさ；emOdelsimplicitlydescrjbetrans－  

missionthroughbloodtransfusionexactlylikeperson－tO－  
PerSOntT．allSmissionbydropletinfections 
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Figure5．AbsoJuteprevalenceofinfecteddonorsforanincubation  

Periodof16（A）and50（B）years．Thesolidb］ackcun／eSShowthe  

infecteddonorswithouttransfusionhistory．Thesecurvesareiden－  

tjcaIforO％andlOO％infectivi（y and areindependentofdonor  
exdusion・Thegraycurvesshowinfededdonorsw托htransfusion  
historyforlOO％（SOlid）andO％（dashed）infectivity．respectively．  

withoutdonorexclusion．Thedotted blackcurves showthee仔ect  

Ofdonor exctusion starting at the beginnlng Of alimentary risk・  

Mostinfected donors have no transfusion history and cannot．  
therefore、beexcIudedfromblood donation  
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（）8）．Ouranalysisenablesdi飴rentcou血・iestoperform  

theirownriskassessmentandchooseastrategyaccording  
totheabsolutenumberofcasesobservedorexpected．  

TheGermanCJl）Surveilla爪CeStudywassupportedbya  

grantftomtheGermanMiLlistryof打eaIth（Az325－447ト02／15  

torngaZerrandH．＾．Kretzschmar）■He］pfhldiscussionsabout  

PreVious versjons ofthe modcltook placewidltheWbrking  
Group OverallBlood Supply Strategywith regard to vCJD，  
Gen－1any（ChaimanR．Scitz）・  

DrDietzisheadofdleDepartmentofMedicalBiomctryat  
lheUniversityofTtlbingen，Gcrmany．Hislnaininterestisthe  

appIicatjon ofmathematjcaJmodelsinthe毎】d ofinfbclious  

－diseases，inpart3cularmalariaalldotherpaTaSiticdiseases．  
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