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e・g・blooddonors，raisesanumberofunTeSOIvedethicalques－  
tions．ForinstanCe，howshouldreactivetestresultsbehandled  

WhenobtAmedwiththefirstavailabletest，Whichcannotbe  

COn丘medorclari負edbyanOthermethod？   

13・Exclu5ionorperson5打omdonathgbl00d  

Donorselectionchteriabasedonthehistoryofthedonor  
must stillbe used forrisk prevention；an OVerView can be  
foundin Appendix（■E）of［1】．The regulations applicable  

inGermany havebeenadoptedinHaemotherapyGuidelines  
【75】．  

Inthepastfewyea∫Sithasbeendiscussedwhetherpoten－  
tialtransmissionbytransfusioncouldleadtoperPetuationof  
VCJDamOnghumans，eVenthough打弧Smissionthroughthe  
fbod chain has becn stopped，and whether anexclusion of  
transfusion reclplentS COdd essential1yinBuencethe course  
OfthevCn）epidemic．hseveralEuropeanCOuntriesincluding  
theUK，theNetherlands，SwitzerlandandFrance－therealbeit  

aseNlyas1998undertheimpressionofviruStranSmissions－  
the exclusion of transfusion recipients from donating has 
me且nWhilebeenlaid down．   

IJlOrdertoobtainascienti丘cdatabase，amOdelcalculation  

basedonverypessimisticassumptlOnSWaSPrePared．neep－  
idemi0loglCalmodeldescribesthespreadingofaninfection，in  

this case vCJD，due to blood donations based on the demo－  

graphicsituationinGermany．Itassumesthat2，000individuals  
Wereinfbctedbycontaminatedftodduringalimitedperiodof  
10years・The totalpopulation compnses80millionpeOPle．  
Theparametersforthemodelwereestimatedonthebasisof  
burdatasets：  

1．Donationsfrom262，071donors atthe blood donation   

SerVices of DRK（DRK－Blutspendedienst）West Hagen，   
Gemany；  

2・617controIsofacasecontroIstudyonCreutzfeldt－Jakob   
DiseaseatG6ttingenUmiversity，Germany；  

3・agedistributionofl，343transfusionreclplentSattheUni－   
VerSityHospitaloIFEssen，Germany；and  

4．alongitudinalstt］dyfrom Newcastle on the survivalof   
2，888patientsafterabloodtransfusioninJune1994．  

TheagestruC【uredmodeluses2－mOnthintervalsandtakes  
intoaccountthefollowlngCOnditions：   

一Themandatory ageIimitforblooddonorsisbetween18   
and68years・Eachblooddonorundergoe至anaCtivephase   
Ofdonoractivitythedurationofwhichdependsonage．  

LTheriskofreceivlngabloodtransfusionstronglydepends   
Onageandhasitspeakatapprox．70years．  

－Survivala鮎rabloodtransfusionalsostronglydependson   
age・Theincreasedtmortalityrateoftransfusionrecipients   
reducestheriskofspreadingbyb］00ddonations．  

－Themodeltakesintoaccountthecurrentmortalityratesin   
theFederaIRepublicofGermany．  

一A meanincubation period of16years with a standard   
deviationof4yeal－SWaSaSSumedfortheinf∝tion，  
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Fig・3・PrevalenceofvCJD・Thevertica71ineshowsLheendofthephaseof  

in血uclionof山ein托clionbyf血・meCuⅣ∝ShowprevaIen∝南山血e  
denominator of80，000，（仰Gcrman popuIation，br dle fol）owlng COhorts：  
CurveA：Non－reCipicnts（indjvidualswithouttransfusionhistory，infectionis  

therefor亡Onlypossib】ebyfod）．CurveB：Recipients（individualsⅥイIIItTanS－  

fusionhistory），iftransmissionbytnnsfusiorLisexcluded（infectionriskO％，  

therefore－aSin Cun′e A－infectjon possible on）y by food）．Curve C：  

ReciplentS，ifiTlfecledblooddonatiorLSalways）ead10infectionofreclplentS  

（infec【jonriskl（氾％）．Thedi鮎rence betweenCurveCandCurve B shows  

也a一山e m句OnIy Orin触tions was not causd by blo∝ldonauons but by  

fbod．Curve D：aS CurveC．but exc］tJding donorswith打ansfusion history．  

ReprcKIucedfromRg・2Ain‘■Howmuchwou）dLheexc］usionoftransfusion  

recipientsh）mdonalingbloodreducethespreadofvCJD？”EmergingIrPc－  

Jわ〟∫β豆どd∫ど∫，ⅥI】．13No．1，2007．  

－Themdelpermitsexclusionofdonorswithahistoryof  
blood transfusions．Itis assumed that95％ofthe donors   

withahistoryofbloodtransfusionscanbeexcluded・  

Fig．3showstheabsoluteinfectionprevalenceasafunction  
Oftimepredictedbythemodel・Prevalenceincreases during  

thelO－year Period offood relatedin托ction andleads to a  

maximumofl，434，infectedindividualsintheportionofthe  

population without transfusion history（Curve A）・In the  

portionofthepopulationwithtransfusionhistory，depending  
on whether norisk ofinfectionis assumed（0％，Curve B）  

or，inthemostunfavorablecase，anabsoluteinfectionriskis  

assumed（100％，CurveC）byb）00ddonatiorlS frominfected  

donors，4260r504infectedindividuals，reSpeCtively，are tO  

beexpected．MaximumprevalenceintheGermanpopulation  
isl，8600rl，921infectedindividualsrespectively，COrreSPOnd－  

1ng tO aPprOX．24infectedindividualsperlmi11ioninhabi－  

tants．（The maximumvalueofl，921is slightly smallerthan  

thetotalofl，434plus504，Sincethemaximumvaluesofthe  

individualcurvesarereachedatdifferenttimes．）Themajority  

Ofinfections causedby transfusionscannotbe preventedby  
theexclusionofdonorswithatransfusionhistory，Sincethey  
Wereinfectedbybloodfromfoodinfecteddonorswithouta  
transfusion history・Thus，aneXClusionoftransfusion recIP卜  

entswouldbhngaboutonlyaminorcontributiontoprevention  
（CurvesCandDcanhardlybedistinguished）・   

Giventheinitialrateofintroductionoftheinfection，nOfur  
therspreadingoccursafterthatperiodoftime，and－duetoder  

creasedlife expectancies ofvCJDinfectedindividuals、the  

prevalenceduringthesubsequen120LJOyearshasatendeI－Cy   
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Fig・4・Mortality魚‘OmVCJD・ThevcrdcaHirICShowsdlCendofdlePhascof  
intr∝lucdomof山ein鈷ctionbyfのd．¶忙CurV亡S血owilldd軸CeOf（ka山s  
（用g・4）wi山山c denomi几a10r Or80，∝札α氾Gmn阿山adon，払【血e  
SaJne COhotts＾－D shownin／Fig．3．ReprodtJCCd fromFig．3Ain“How  

muchwoulddleeXClusionof打肌ShJSionrecIPientsfねmdonaLingb】oodre・  
duce山es叩頭dofvCJD？”餌付血g擁C血∬β血〃∫“，Wl．13No，1，2007．  

towardszeroagain．Evenifitisassumedthatinfbctedblood  

donationswi11alwaysleadtoinfectionoftherecipient（infec－  

tionrisk＝100％），nOfurtherspreadingo∝urS．Inaddidon，  

thedecreaseinprevalenceisonlydelayedduetotheincuba－  

tionperiodoftheindividualsinfected（CurveC）．Anexclusion  

Oftransfusion recIP）entS，eVeninthelattermostpeSSimisdc  

SCenanO，Canbringaboutonlyaminorcon扇butiontopreven－  

tion（CurveD）．nisis also shownin Fig．4，in which the  

arLnualincidence of deaths due toinfbctionis shown．The  

maximum number of vCJD associated de且ths occurs not  
before23yearsafterthebeginnlngOftheonsetofinfection  

duetothelongincubationperiod．   

Fig・5comparestheincidenceofdeathsofindividualsin－  
fectedbyfbod（CurveE）withthosethat maybecausedby  
blooddonationswithmaximumriskofinftction（Curve F）．  

Due to theincubationperiod，tranSfusion associated deaths  

Rg．6．CurveA：P托Val印CeOfinf∝蛤ddonorsⅥイ血，I〟b苛n血sionhis【αy（in－  
fbctionpossibIeon］ybyEood）．CurveB‥Preva）ehbeofinfec暮eddonorswith  
traJIS良LSionhis（Ory．iftraJISmissionbytraTISfusioncotJ）dbert］）edout（inftcdon  
riskO％，（hercfbTe－aSinA－inLtctionpossibleonJybyfbod）．CurveC：Prcv－  

alcnceofinfecteddonorstt，ithtransfusionhistory，ifi（isassumcdthatinfec（ed  
b】∝適donaliomsa】waysI飴d10iれねctiom（im触donrisk100％）．nedi晩rence  
bdweenCuIVeCandCuⅣeB showthatthe m可On（yOfi血tionsareno（  

causedbyb）00ddonalionbutbyfood・CurveD：AsCurveC，butexc］uding  
donors前山けanS知sionhis10け．niscurveshows5％of山亡donon；W拙けanS－  
fusiot）history，Whowereno（eXCludedaccordinglOLhemodelassumpt10nS・  
¶leV亡代ica】1iIleShows血eendo一山epha㌍Ofinf∝do山by旭・Reprduced  
hm汽g・5Åin＝HowmtJChwou］d dleeXC）usionoftraJL血sionrecIPlentS  
血りmdonadngblodredu∝lh亡SPr田dofvCm？’’g爪ど増血gJ′！伽JJ∂揖β正一  
g〃虎∫，＼わl．13No．l，2（氾7．  

OCCurmafkedlylaterthandeathscausedbyfoodinfections・  
Withinthe disp］ayed50years，172transfusion associated  
deaths have to be expeCted・During thisperiod，however，  
a maximumof15casescouldbepreventedifdonorswith  
atransfusionhistorywereexcluded，equlValenttoIcasein  
3－4ye∬S・Outofthe2，0（氾individualsinfectedbyf00d・We  
expeCtl，557vCJDcasesiftheinfectionriskofinfecteddonors  
isO％，andl，729casesiftheinfectionriskis100％．Ifapprox・  
20％ofthedonors wereexcluded，lessthaLnl％ofthecases  
would beprevented・Fig・6explains why the exclu？10n Of  
donorswithatransfusionhistoryonlyslightlyin且uencesthe  
incidenceofdeaths：   

－Them句OrltyOftheinfecteddonorswereinfectedbyfood   
andreveaJrwtrarLSfusionhistory（CurveA）．Thisgroupis   
notcoveredbytheexclusioncriterion”donorst4）i（hatrans－   

fusion history”andis able to continue to transmit the  

disease．  

qInfecteddonorswitJ7atranSfusionhistorycanbeexcluded，   
but represent only a minor portion ofinftcted donors   
（CurveB orC，reSpeCtively）．ⅥlepOrtionofdonorsin－   
fectedby transfusionsis verysmall（differencebe（Ween  
CurveCandCurveB）．  

Theassumpt10nSChosenherepresentaconsiderableover－  
estimationoftherealriskofinfectioninGermany・Sincean  
infectionintroducedbyfoodcannotbesustainedinthepopu－  
1ation，thereis no furtherlongTterm hskafterthis route of  
transmissionhasbeeninterruPted．Becauseofthelowpreva－  
1ence ofapprox．24infectedindividuals perlmi11ion（see  
above），linear reduction can be performed on predicted  

2
5
 
 
0
0
 
 
7
5
 
 
勤
 
 
2
5
 
 

呈
扇
¢
P
－
0
¢
0
∪
¢
P
．
6
u
；
こ
冨
ン
 
 

0  10  20  38  40  50  

Time（yea「S）   

FiB・5・CurveE‥DeathsduelOVCJDinf∝tjonsthatcou】dorL］ybecausedby  

food（10ta］sofCurvesAandBinFig．2）．CurveF：Dea山sduetovCJDcaused  

by b】00d frominfec（ed donors（infec（ioT）rkklOO％）（differen亡e between  

CurvesCandBinFig・2）・TheverticaHinemarks（heendof（hephaseofin－  

fectionbyfood・ReproducedfromFig・4Ain”HowmuchwouJd【heexc）usion  

OftransfusiorIreCIPlentS frt）mdona（lngbIoodreducethespreadof、′CJD？’1  

g〃Jg・‾g／〃gJJ碑ぐJわJJ∫β加α∫ど∫、Vol．13No．Lコ007．  

80   



凡∫gfJエビJ〃J．／βわわgJぐd存j5（2（対7ノ79－97  93  

√  
Tゝbk5  

Mainreasonsfordeferra］accordingtoanana】ysisbythelnsti（utfiJrTransfu－  

SionsmediziLl（1nsti（uteforTranshsionMedlCine）MiinsteroftheGermanRed  

Crossb】00ddonationserviceWestin2004（iJl％ofvolunteeTdonors）  

developmentsifmarkedly）owerprevalencesa陀aSSumed．The  
actualprevalenceofjtndividualsinftctedbyfoodinGermany  
is probablylowerby atleast afactoroflO．Therefore，the  
abovementioned負gtmscaLnPrObablybereducedbythecor－  
respondingfactor．Adetai1eddescriptlOnOfthemodelwithall  
parametersand丘guresforthedatasotlrCeSOnWhichthiscal－  
Culationisbasedhasbeenpublished［105】・  

14・hpactofdeferralsonthebloodsupply  

BeforeintroducinganydonordeferTals，theirefftctsshou］d  

bequanti負edandariskA）ene負tassessment（SafetyVS．blood  
SupPly）perfomed■IIpcan beadded tothediscussionofthe  

abovemodelthatanexclusionoftransfusionrecIPlentSWOuld  
nothavepreventedthethreeprobabletransmissionsintheUK，  
SincethosedonorswerenottransfusionreclplentSthernselves．  
Moreover，1tCanbeexpeCtedthatanundeteminednumberof  
donors would notremembertransfusions andcontinueto do－  

nateblood・Ontheotherhand，aStheFrenchexampleshows，  
anexclusionoftransfusionreclplentSispossibleinpnnciple，  
butwouldentai1seriousproblemsanddisadvantages，WOuld  
requlremajoreffortsandcouldthereforeonlybeimplemented  
OVeralongerperiodoftime．   

ExamPlesfrom Germany mayillustfatetheimpact of  
newexclusion 

． 

WaSintroduced，Which had a serious effex：t On the donor  

POPulation・Thedeferralrate（Tbble5）initia17y roseby ap－  

PrOX・2，5％，and a丘erthemaledonors with Hbbetween125  

and135g／1had been deferred，decreased agaln tOitsinitial  

level・9Deftrralrates tended to berismgfrom322，312in  
2002to345，906in2003（8・25％vs・8．87％ofthe popula－  
tion prepared to donate）・Since winter2000／2001－despite  

intensive encouragement to donate b】00dpthe demand for  

blood components，eSpeCia11y RBC，has not always been  

met sothat，e・gリPlanned operations have to be postponed．  

AIso，S【ricter donor（：XClusion criteria for the sake ofim－  

PrOVed safety maylead to alossin donors，aS anti－HBc  

testing［106】hasled to permanent exclusion of approx．  
0．6－1％ of blood donors．New reasons for exc）usion fre－  

quently are not血derstood by those concerned and requlre  
great educationalefforts・Asexperiencewith the deferral  

due to a cumu】ative5・tayln the UKofmorethan6months  

befween1980 and1996 has shown，COnSiderable uncer－  

tainties remain desp】te numerOuS dialogues due to thelack  

Ofpossibilitytoexplorethedonor’sindividualriskortoob－  

tain a confima（Ory／exclusion test．Exclusion oftransfusion  

recIPlentS COuld even beperCeived as a slgnalthat，desplte  
al1efforts，blood supplies are not su臨ciently safe．   

rIbsecurebloodsupplies，neWdonorswouldhavetobere－  
Cruitedtoaconsiderableextent・AccordingtotheGermandata  

On ePidemiology collected by the Robert Koch－Institut，the  

PreValenceofvinlSinfectionsinnewblooddonorsishigher  

りGermanRedCross（GRC）blooddonationcentTeWcst，hguresfromNorth  
Rll川e－Wes【phaIla 

Hemog】obin  

Operations，1nterVenlions  
別00dpressure  

lnfec（ious diseases  
Suspected血skofinkctioれ  

Currentdona【ionsituation（e．g．unease，feaT，   

COmmunicadonproblems）  
MedicatioII  
Traveling  

2．21％  

1．30免  

1．17（‰  

l．24一犯  

0．78％  

0．73ウら  

0．72％  

0．2g％  

thaninlong－termdonors・WhilespecialpromotioncampalgnS  
（cf．bonemarrow／stemcelldonorsforchildrenwithleukemia）  
motivate many people todona‡einthe short－term，itis the  
continued reliability of donor preparedness in connection 
Withtheconstantlyrequiredreadinesstoactthatisimportant  
inblooddonorpromotioncampalgnS．ThefbllowlngpOSSible  
approachescouldsecurecontinueddonorpreparednessandthe  
SupPlyofbloodcomponents：   

pEconomicaluse ofblood and blood products：Al］mea－   
SureSthatresultinoptlmaluseofbloodar）dbloodprod－   
uctswillnot only minimizethe possible transmission   
risk but willalso contribute to safeguarding the supply   

Ofblood andblood products．The activitiesin Germany   
andtheEuropeanUnionhavebeendescribedabove・   

－Sustainedrecruitmentmeasures：TheGRC blooddonation   
SerVicesarecurrentlyspendingapprox．e20millionayear   
On maintalnlngtheir existingdonor base・Additionalre－   

Cmitmentcampaigns（approx・e3mi11ion annually）have   

beenaimedattheapprox－1－2％donorincreaserequired   
tocompensatefortheannualriseindemandduetothein－   
CreaSlngaVerageageOfthepopulation・TheGRChasbeen   
able10fulfi11thisgoalwitharelativelylowbudget，Since   
advertislng SPaCein various media has generously b   
madeavailableh－eeOfcharge，Inthecaseofdonorexclu－   

Sion due to transfusion history，JuSt below18，000addi－   
tionaldoTlOrS per mOnthwould be neededinthefifSt   
half－year，and more thanll，800additionaldonors per   
monthinthesecond．Altogether，apprOX．4鮎st－timevol－  
unteers wouldhavetoberecruitedforeach deferTeddonor   

（COmpareAppendix（E）of［‖）．Suchanadditionalrecruit－   

mentcampalgnrequlrlngmOre丘nancialmeanSCOuldno   
longerbecarTiedoutbytheblooddonationservices・  

wIncreaslngthesocialprestlgeOftheblo（適donors：Itmight   
behelpfu1toprovidedonorswithanon－materialrewardin   
theformofincreaslngthesocialprestlgeattaChed tothe   
acLofgivlngblood．A professionalstudy shouldexpIore   
the possibilities and deve］op suggestions for raising the  
esteernin which blood donors a∫e held．  

According［ostatisticsfromtheGem－anRedCross t）】00d  
（lonationservices、thedeferTa】rateamongallvolunteerdonors  
in2003was8・87％・rnlereisas（rong月ucruationinthedeferTal  

ralebeTweenthevariousbl（）Oddonalionservices，Whichranged   
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Ffance．Amodelcalculationtookthesecons電deradonsintoac＿  
COunt；tObeonthesaftside，Stillaworstcasescenariowas  

dealtwith．ForGermany，thegroupconcludedthatsuchexclu－  

Sionisnotwarranted．Theevaluationofthepotentialgalnin  
SafttyregardingvCJD，basedon（heabovementionedmodel  

Calculation，WaSnOtCOnSideredtooutweighthedrawbacksof  
suchameasure．   

The secondary route ofin托ction by bloodcouldJargely  

be stopped as soon as a suitable test could be introduced 
intoroutinedonorscreenlng．Nosuch（estiscurrent）yavai1－  

able；developing and optlmlZlng teSt methods should have  
high pdor吋．  
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（BSE）cases and Romncy and Cheviot breed sheep expc「lmenlally  

丘om5－14％andis now7－12％．No coITeladon cam b¢de－  

tectedbetween血ede托汀alr如eand止腫deg群Ofconu止ation．  

mese d鈍化nCeS C皿Ce正ainly not solely k expl血d by  
di肋℃nCeSinthedonorpopulationoftheGemanRedCross  
blooddonationservices・Animprovementcouldbetheintro－  
ductionofunifbrminterpretationaidsthroughoutGermany．   

15．Summaryandconclusion5  

Sofar162casesofvC恥intheUK，20inFbce，4inblamd，  

2in the Netherlands，2in the USA，and one case eachin  

Canada，Italy，Japan，PortugaJ，SaudiArabia，aJldSpainhave  
beenobserved・Twenty－SeVenOfthesepatientsTeSidedoutside  
thetJKandhadnotspentconsiderabletimeintheUK；aCOn－  
nectionwithstayintheUKisquestionableinthecaseinJapan．  
Itmustnotberu1edoutthatvCJDwillbediagnosedinmore  
COuntries．Recent modelcaJcu）ationsinthe UK（501have  

resultedinlowertharLPreviou岳Iypublishedestimatesrofthe  
OVeral）numberofclinicalvCJDcases，however，withconsider－  

ableconfidenceintervals・A如ndaLZnentalassumptionis dlat  
newinftctionsfromthe fbod chain have becn efftcdvely  
StOPPed・Onthebasisofnewestimates，thenumberofupto  

600cases of vCJD for Germanyindicatedinthe report of  
thisgroupin2001canbeconsideredastoopessimistic．   

Thre¢Ca虻Spublishedin血eUXsince2004mustkre－  

gardedasevidencefbrthetransmissibilityofthevCJDpatho－  
gen by blood．Oneofthereclpl¢ntSdied丘om anunEelated  
disease．However，autOPSy reVealed the vCJD pathogenin  

thespleenandlymphnodes，pOlntlngtOaSubclinicalornot  
yet symptomaticinfection．Unlike allother previously  
ObservedvCJDcases，this padent was heterozygousMNat  
COdon129．This obsen／ation andtheresultsfroma serialin－  

VeStlgationofappendix tissueintheUXcouldindicatethat  
therea托aCOnSiderablenumberofintbctedpersonswhomight  
notdevelopvCJD，Orinwhomitsmanifestationisdelayed．At  
PreSent，itisnotpossibletoascertain whetherinfectivltylS  
PreSentinthebloodofthesepersons，andifso，atWhattime  

andtowhatextent．Precautionary measuresshouldtherefore  
notbebasedexclusivelyonthenumberofalreadymanifested  
VCJD cases and the forecastoffuture numbers ofcases de一  

山vdthereof．   

ApossibletranimisS；onofthevCJDpathogenbyplasma  
PrOductsstillcannotb已entirelyruledout，butit seems un－  
1ikely since various expenmentaIsystems have shown that  
PnOnS arelargely removed duringthe maTlufactureoftlleSe  
blood productst Examiningtheeffectivenessofthese steps，  
however，Should becontinued・inaproduct－0riented manner．  

ANoteforGuidancewaspublishedin2004bytheEuropean  
MedicinesAgency（EMEA）fbrthispurpose［88］・   

TransmissibilityofvCJDbytransfusionhadbeenassumed  
alreadyin2001；PreCautionarymeasures forminimizingthe  
riskhadbeen taken．Asan additionalmeasure，theexclusion  

OftransfusionrecIP】entSfromdonatingbloodhastobeconsid－  

eredinordertobreakahypotheticalchainoffurtherspreadand  
POSSibleperpetuationofvCJDbybloodproducts，Suchexclu－  
SionhasbeenintroducedintheUK，theNetherlands，Swi［Zer－  

1and，andasearlyas1998－tOpreVentVira＝ransmissionsNin  
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