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mentisabletopreventatleastdirect  
antigen presentation by the treated  
Ce11s，indicating that MirasoIPRT  
treatment could potentially prevent  
theinductionofalloantibodies aRer  
the transfusion of treated blood  
product岳・Thiswoulddistingtdshthis  

treatment餌）m gammairradiation，  

Which does notinterferewithallo－  
immunization andtheinduction of  

alJoantibodies．】335   

Thesestudiesalsoprovideaddi－  
tionalinformationaboutthexenoge－  
neic GVHD responsein Rag2r／宰‾′J  

double－knockout reclplentmice・A  

previous study had shown that  

ln］eCtion of human PBMNCsinto  

Rag2－／1匹‾／rdouble－knockoutreclplent  

miceresultedinenhancedperipheral  
reconstitution with human Tce11s．4  

Separation of donor PBMNCs into 
diffbrentsubpopulationsshowedthat  
both CD4＋ and CD8＋ Ce11s were  
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Cytokines   

flg・3・Humam町tOumelevelslnreclpiemtmlceplasma・刑鮎maSamplesobtained丘om  

redplentmicel可ectedwithMirasol－treatedceIIs（T）oruntreatedceus（UT）were  

testedfortheconcentratlonsoftheindicatedcytokines．Thedatashowtheresdts  
WhenundⅡutedpla＄maWaSteStedexcepthrtheleyel＄Of］FN－γandILlOIWhichwere  

Obtalnedwithplasmaduutedl；10．SampleshwhidlnOCytOkinewasdetectedwere  

retordedasO．1pgpermL  

requiredtoinducelethalGVHDinthis  

model．4Althoughit tooklonger to  
developxenogeneicGVHDthanhad  

beenpublished，itwascon負rmedthatitwasprlmarily  
humanTce11sincludingbothCD4＋andCD8＋Ce11sthat  
reconstitutedthe peripheral1ymphoid compartments．  

Oneexplanationfordledelayedkineticsmaybedueto  
intraperitonealinjectioninsteadofintravenouslnJeCtion  
Ofthedonorce11s．Anotherpossibilityis巾atwedidnot  
bleedourreclplentmiceweekly，Whichcouldinduceleu－  
kopenia and fhcilitate reconstitutionwiththe human  
donorcells．HumanCD19十CellsweretheprlmaryCells  
foundintheliverandinanyintestinal1ymphoidtissue  
thatwasobserved．TheprefbrentiallocationofBcellsin  
theperitonealcavitycouldrepresentaninabilityofthe  
Bcellstohometoothersitesinthemurinerecipienta魚er  
intraperitonealinjection．Anotherpossibilityisthatthi占  
tissuecouldrepresentthebeginnlngSOfanexpansionof  

Epstein－BarrviruS－SerOpOSitiveBcellsthathasbeenpre－  
viously observedin studies ofimmunodeficient SCID  

mice・6・26Thesecellsrepresentanuncontro11edexpansion  
Ofthesecellsasoccursinposttransplantlymphoprol脆r．  
ativedisorder．27   

Characterizationofhumancytokinespresentinthe  
SerumatearlytimepplntSafterinjectionofthehuman  
CellsintoRag2Lト町′‾double－knockoutrecipientsfound  

high1evelsofIL－1β，TL－2，IL－15，andIL－18；intemediate  
levelsofIL－6andILlO；andverylowlevelsofIL－4，IL－8，  
IFN－Y，andTNF－α．4Thelackofhumancytokinesinthe  
plasmaofreclplentSOfcellstreatedwithMirasoIPRTwas  
COnSistent with thelack of human cellchimerism  

Observedwith other approaches．Mehsurement ofthe   

micewastested．4TheseresultsindicatedthatMirasoIPRT－  

treatedcellswereunabletogeneratexenogeneicGVHD  
responses・Thus，itwouldbepredictedthatMirasoIPRT  

treatmentwould preventthedevelopmentofTAGVHD  
afterthetransfusionoftreatedbloodproducts・   

The standard current protocolfor prevemion of  
TAGVHDistoexposebloodproductsto25Gyofgamma  
irradiation・Althoughthisdoseofgammairradiationhas  
beenshowntobeeffectiveinpreventingtheprolifbration  
OfirradiatedWBC，Subsequentstudieshaveindicatedthat  
25Gyofgammairradiationisnotsu鍋cienttopreventthe  
presentation ofantlgenSby these cells．13・25In contrast，  

MirasoIPRTtreatmentisabletocompletelyinhibital1  
functionsofWBCsincludingtheabilitytodirecdypresent  
antigenandinduceproliftrationofnormalPBMNCsinan  
MLCassay・lIThiswouldsuggestthatMirasoIPRTtreat－   
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MIRASOLTREATMENTPREVENTSXENOGENEICGVHD  

levelofcytokinesintheplasmaofrecipientswithend－  
StageGVHDcontainedaverydifferentmixtureofcytok－  
inesbecauseveryhigh1evelsofIFN－γhigh1evelsofIL－10，  

andlowlevelsofIL5，TNF－qIL－1β，IL－6，IL－8，IL－12p70  
Weredetected．Concordantexpressionofhighlevelsof  
bothIL－10andIFN－，（havebeenobservedinautologous  

GVHDinhumans．28AutologousGVHDisinducedby、a  
ShortcourseofcyclosporineinreclplentSOfautologous  

transplants．AutologousGVHDis theresultofcytolytic  

CD8＋Ce11responses whose T－Cellreceptors recognlZe  
MHCclassIImoleculescontainingtheCLIPpep也de・Poly－  
morphismsin theIL－10promoterwerealso found to  
COrrelatewiththeabilitytogenerateautologous GVHD  

responses in patients.2B Thus the xenogeneic GVHD 
responsesinthesereclplentSmaybeusefu1formodeling  

autologousGVHDresponses．  
TheresultsindicatethatbothhumanCD4十andCD8＋  

Tce11s・are foundinthe reclplent micelrueCtedwith  

untreatedcellsandthatalargepercentageofthesecells  

expressCDlO7a，indicativeofCD4＋andCD8＋Cellsthat  

had previouslycarried out granule exocytosis．Thereis  

evidenceindicatingthatCD4＋Cellscanactascytolytic  
CellsinmurineGVHDresponses・29Inthesestudies，the  
CytOlytic CD4＋Cells appeared tolyse peripheralblood  
progenitorcellsinthemarrow．Thiswouldprovideone  

explanationforthe decreasein Hctlevels observedin  

thereclplentSOfuntreatedMNCs．AlthoughtheantlgenS  

recognizedbyhumanTce11spresentintheRag2‾′‾町ト  
double－knockoutreclplentmiceundergoingGVHDhave  

notbeendetermined，preVious studies have suggested  

that humanTcells recognlZe XenOgeneic H－2antlgenS  
expressedbymurineantlgen－preSentlngCe11s．30・31   

AnotherpossibleexplanationforthedecreasedHct  
levelsinthereclplerLtSOfuntreatedMNCscouldbethe  

productionofxenoreactiveantibodiesbythehumancells．  

Published studies hadindicated that theinjection of  

human ce11s resultsinproductionofxenoreactive anti－  

bodiesthatbindtomultipleantlgenSeXPreSSedbymurine  
RBC．32wealsoobservedthattherewerehighlevelsof  
humanimmunoglobulinsintheserumOftherecibients，  
andthattheseimmunoglobulinscontainedprimarilyIgM  
antibodieswithspecificitytowardmurineRBCsandPI二輪  

butnotWBCs．TheactivationofcomplementbytheIgM  
boundtotheRBCscouldfacilitatetheeliminationofthe  

murineRBCs．   

Insummary，theseexperimentsdemonstratethatthe  

injection ofuntreated MNCsinto Rag2′「笹′double－  
knockout reclplent rniceinduces a xenogeneic GVHD  

responsethatresemblestheresponsesseeninTAGVHD．  
MirasoIPRTrtreated donorcells areunabletogenerate  
XenOgeneicGVHDwhenlnJeCtedintoRag2＋町／ndouble－  
knockoutreclplentmice．ThisfindinglS COnSistentthe  
previousfindingdlatthe MirasoIPRT－treated cells are  
functiona11yinactiveininvitroassays．一IThese丘nd阜ngs  

SuggeStthatasingletreatmentwouldbeablenotonlyto  

inactivatepathogenspresentinbloodproductsbutalso  

preventtheimmunologlCCOnsequenCeSSuChasTAGVHD  

thatcanoccuraf（erbloodtransfLISion．  
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PathogenReduction：APrecautionaryPrincipleParadigm  

HarveYJ．A［ter  

UV－A．haveshownefficacYand＄afetyforF】ateIetsand  
PLasma；and psoralen／UV－A techn0logy has been  
SuCCeSSfu”Yimplemented for plateletsin Europe．  
Pathogen redLJCtion can eliminate or reduce the risk  
for any nucleic acid containing agent．including  
bact併ia．and thus wi”be effective for allbut prion  
diseases．rtispossibletointroducBPRforplateJets8nd  
PIasma now andto concentrate resources on deve［op－  
ingPFtforredceJIs．Thiswi”reqLJlreaninte］］ectualand  
financiaf commitmorlt frorn the National］nstitLrteS Of  

Hea［th，the F00d and Drug Administration，indLJStrY，  
andthe bLood bankestablishment．just asoccurredfor  
nucleic acid testing（NATItechnologyr This can be  
doneif thereis sufficient wi”to doit．  
⑥2¢∂g加飴ぬ由一y伽血血c．  

A）though remarkab】e advances have beenmadeinthe  
PreVention of the nqior transfusion－tranSmitted dis－  
eases．longintervalshavetranspired betweenthefirst  
rec09nition oftransIusion riskandtheimplementation  
Of a preventive strategy．For hepatitis B viru＄，that  
intervaJwa＄ 30years；for non－A，nOn－B／hepatitis C  
Virus．15 YearS；and for hLJmanimmunodeficiency  
virus．West Nile virus．7barlOSαIIaC′血and bacter－  
ia．3，4．5，and18YearS．reSPeCtively．ln our existing  
roa¢tive approach．thereis a tundam帥taIandinevト  
table delay before we can react；and thus，infections  
are destined t0 0CCur．The continued emer9enCe Or  
reenergenceoftransfusion－tranSmittedinfectionsca”s  
Iαr a neW Paradigm ot preemptivopa仇ogen reduction  
tPR）．Two PFt systems，PSOralen／UV－A and riboflavin／  

triumphsin transfusion medicine・1However，  
viewedinthepresentcontext，ltCanalsobeseen  
asoneofthem毎Orfailuresoftmnsfusionmedicine  

becausenopreemptlVeviralreductionstrategywas  
in place and because decades passed before the  
extent of the hepatitis risk was defined，the  
CauSative agents discovered，and proper testlng  
StrategleSimplemented．Avast number ofcases  
occurredbeforewecould，OrChoseto，doanything  

aboutit．Based on prospectively determined  

NTHEWAKEofthehumanimmunodeficiency  
virus（江rV）tragedy，theFoodandDrugAdmin－  Ⅰ   

istration（FDA）andUSbloodestablishmentshave  
endorsedtheprecautiona7yPrincわIethatstatesthat  
“forsituationsofscientificuncertainty，thepossibi－  

1ityofrisk should be takeninto accountin the  
absenceofprooftotheconb’ary．’’Asacorollary，the  

PreCautionarypnncipleassertsthat“measuresneed  
to be taken to face potentialseriousrisks．’’Yet  

pathogenreduction（PR），perhapsthequintessential  

exampleoftheprecautionarypnnciple，hasnotbeen  
embraced．Pathogen reduction calls fbr a new  
paradigmintransfusionsaftty，namely，thetransition  
from a reactive to a proactive and preemptlVe  
Sb’ategyfbrthepreventionoftransfusion－b．anSmitted  

diseases．Pathogenreductionmaylnitial1yaddcost  
andcomplexitytobloodprocessing，butultimately  
wi11notonlyofftrmaximumsaftty，butalsowi11  
provetobecost－neutralandpossiblycost－SaVlng．   

The declinein tmnsfusion－aSSOCiated hepatitis  
incidencefrom30％tonearzerooverthecourseof  

3decades has been considered one ofthe m叫Or  

fわmJ力gβ甲αr加e〃Jq「升α〃鴎∫わ〃ルねdfc加，揮匂汀ビ〃Grα〝J  

〟〟g〝以∫0乃 CJf〃fc〟J仁王〃Jgr肋Jわ〃〟J巾∫／血Je∫q／肋〟JJれ  

βeJ力e∫（ね，〟β．  

．1‘ノーJ汀∫∫・rJ－血Jr岬付∫J∫山〃りn・＝リ‥仙丹・lJハ．仁れ、／！（’扇ぐ／了  

ル痴e血〟∫β正郎∫e滋crわ〝，β申dr加e〃Jq／Ⅳα〝卸わ〃〟ビ〟むf〃g，  

朗（な相加0研ノC－7几〃〃1川Ce〃お「エー丸竹βeJ毎∫‘れ〟D  

20β夕2 

良川dfJ二月〟JJgJ＠7加．α．山九gov   

Oββ7－7タ∂j／り＆侶－∫eピノわ〝J椚云〟gr   

◎200βP〝ゐJ由力gd砂丘血卯fgrJ〃ぐ．   

tわJ／川．川Jdノ、〝〃nI．ノり仰、〃／川JJ  
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ProductsAdvisoryCommitteein2002；andyetthe  
nrst reliable test was notintroduced unti12007．  

F11rthermore，therelativelyfrequenttransmissionof  
bacteriabyroomtemperature－StOredplateletswas  
evidentby1986；butitwasnotunti118yearslater  
（2004）thatroutinebacteri0logictestingofplatelets  

wasintroducedin the United States．Tbeinherent  

problemisthatinareactivestmtegytopathogen  
risks，thereisafundamentalandinevitabledelay  
betweentherecognltionofriskandtheprevention  
Ofthatrisk．Tbus，tranSfusion－b・anSmittedjnftcdons  

are destined to occur before we can adequately 
react．Perhaps William Murphy phrasedit best  
Whenhestated，‘≠ise飴ct，thataneworpoorly  
understood diseasewithalongpreclinicalphase  
Can be spread among humansby transfusionfor  
manyyearS，and perhaps extensively，beforethe  
consequences become apparent is a fixed and 
inevitablepropertyoftransfusionmedicine・，，4   
Nonetheless，OnamOrepOSitivenote，basedon  
prospectively detemlined hepatitisincidence fig－  
ures，1theintroductionofanti－＝CVscreenlngln  
1990is p叫ected to have preventedl．2mi11ion  
CaSeS Of transfusion－aSSOCiated hepatitis and  
192000potentialcasesofcirrhosisindledecade  
Ofthe1990s．Furthermore，increaslngly sensitive  
SerOloglCandnucleicacidtestsforHCVandHIV  
havereducedtheserisksdramatically．IntheUnited  
States，the risks fbr the 3 m叫Or tranSfusion－  

transmittedviruSeSin2006werelinl．6million  

fbrHCVilinl．8mi11ionforHIV；andlin269000  
for HBV，aS Calculated by theincidence rate－  
windowperiodmodelandapproximatelythesame  
usingtheminipoolnucleicacidtesting（NAT）yield  
model．5h Canada，0，Brien et a），6uslngthe  
incidence rate－Windowperiod model，repOrted a  
residualrisk oflin7，8mi11ionfor HCV，1in  
2．3millionforHIV，andlin153000forHBV  

AlthoughliBV transmissions occur much more  
frequentlythanHCVorIiIVthisestimateisbased  
OhantibodytohepatitisBcoreantigen（anti－HBc）  
SerOCOnVerSionandnot6nthedevelopmentofthe  
hepatitisBsurfaceantigen（HBsAg）carrierstateor  
clinicaldisease．Actualcases of仕ansfusion－aSSO－  

CiatedhepatitisBarequlterare．   
Currently，them叫Orinfbctiousrisksarezoonotic  
in orlgln，Wherein animalviruses have been  
introducedtohumansasanincidentalhost，either  
throughthefoodchain，aSinvariantCreutzftldト  
Jakob disease，Or through vector transmission・  

MosqultOeS，ticks，and otherinsect vectors are   
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Tablel．Timelnterv81BetweenRecognitionofly＄kand  

暮mplementationo†aDonorS¢reenhgAさSay  

R¢CO伊1izedasa Rrstscrt∋¢nlng  

Agent  transfusion risk assaY  lnt8Ⅳdly〉  

HBV  1940  1970  30  

NANB／HCV  1975  1990  15  

HlV  1982  1985  3  

WNV  200211999）★  2003  1仰★  

Chagas  2002  2007  5  

Bacteria  1986  2004   

Abbreviations：Hβ∨．hepatitis B viru6；NANB，nOn－A，nOn－B  

agent；HIV．huん1anirTlmUnOdeflCiencyvirus；WNV，WestNiIevirus；  
Chagas，Tcruziinfedion．   

★suspected．butnotproven．in1999．   

hepatitisincidencerateslandthenumberofblood  
transfusionsnationwideintheUnitedStates，itcan  

beestimatedthattherewere4．8milliontransfusion－  

transmitted hepatids CviruS（HCV）inftctions  
between1970and1990；and based on a20％  
incidence ofsevere outcomes，thesemight have  
resultedin768000casesofcirhosis．Clearly，nOt  
anthesecasesofcirrhosisoccuTTedbecausemany  
transfusionreclplentSdiedofunderlylngdiseases  
befbretheseverechronicmanifbstationsofhepadtis  
could ensue．This does not diminish dle fact that  

allogeneic transfusions placed these recipients at 
POtentialrjskfbraねtaldisease．TheseprqJeCtions  
areSObering，eVeniftheyareoffbyafactorof10．   
Historically，dlerehasbeenaverylonglnterval  
between the坑rst recognltlOn that a diseaseis  
transfusion－tranSmittedandtheeventualimplemen－  
tation of a donor－SCreenlng teSt tO preVent that  
transmission（1払blel）．Forthehepatitis BviruS  

（HBV），theintervalbetweenrecognitionoftransfu－  
Sion－tranSmission andimplementation ofthe貞rst  
assays fbr HBV，the Australia antlgen，WaS  
approximately30years；andfor non－A，nOn－B／  
HCV hepatlt）S，it was15years．For HrV，the  
intervaIwasreducedto3yearS；however，inthat  
COmparative）y briefinterval，mOrethan14000  
transfusion－tranSmitted，predominantly fatalHIV  
inftctionsoccurredintheUnitedStatesalone．2we  
geherallyconsiderthattheinterval丘omrecognition  
toimplementationforWestNileviruS（WNV）wS  
from2002to2003；however，reb’OSpeCtiveanalys）S  

Ofthe1999WNVepidemicinNewYorkCitymade  
ithighlyprobabledlatWNVcouldbetransmitted  
bytransfusion，3sothatthetrueimplementation  
intervalwas approximately4years．In addition，  
testingdonationsfor Tbpanosomacruzi（Chagas  
disease）was recommendedbytheFDA’s Blood  
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lqeCtlng diseasesinto us atalmlng丘●equenCy；  

andmost，ifnotall，Ofthesearethensecondarily  

tranSmittedbyh■ansfusion．Thesevector－b6rneand  
transfusion－bomediseasesincludemalaria，dengue  

ftver，WNVassociatedfbverandmenlngOenCepha－  

1itis，babesiosis，ehrlichiosis，Colorado tick fever，  

andChagasdisease．Conclusiveevidenceismiss－  

1ng；butLymedisease，visceralleishmaniasIS，and  

naviviruS－inducedencephalitismightalsoproveto  
beb・anSfusion－tranSmitted．   

The history of transfusion一打ansmitted WNV  

infbctionisacaseinpolnt．Beforetheimplemen－  

tation ofW testlngin2003，there were23  
documented b・anSfusion－tranSmitted clinicalcases  

reportedin the United States；and based onthe  
Centers for Disease Control and Prevention 

COnVerSion factor of140asymptomatic cases to  
eachclinicalcase，7itcanbeestimatedthatthere  
were an additional 3200 subclinicaltransfusion－  

transmitted casesin 2002．Itis commendable  

that WNV NAT testing began under IND only 
8months afterthe first documented transfusion－  

transmission．However，in retrospect，it was  

prqjected ftomthe New York Cityepidemicin  
1999thattransfusion－tranSmittedWcaseswere  

likely・3 However，because the evidence was  

indirect and WNV epidemics were known to be 
intermittentin nature，nO de蔦nitive action was  

takenatthattime．Ovemll，Since2002，therehave  

been32documented transfusion－aSSOCiated cases  

Of clinicalWNVinftction and4480prq】eCted  

transmissionsin the United States．Remarkably，  

noneofthesecaseswouldhaveoccurredhadaPR  

SyStembeeninplaceatthetime，aSeVidencedby  
the absence ofcases associated withthe transfu－  

Sion of soIvent－detergenトtreated plasma．Once  

implemented in2003，W testlng Of donor  
bloodhasbeenhighlyef托ctive．IntheAmerican  

Red Cross experience，WNVNATpreventedthe  
releaseandtransfusionofatleast1000potentially  
inftctious componentsfrom519confirmedposi－  
tiveblooddonorsin2003and2004．8Therehave  
beenonly9WNVtransmissionssincetestlngWaS  
implemented，eaChreprese11tlngawindowperiod  
donationthatfailedtobedetectedintheminlpOOl  
testingfbrmatbeingused．   
ThereiscurrentconcernthattheWNVstorymay  
be replayed by the dengue fbverviruS（DFV）  

becausedleagentSandpredisposlngelementsare  
Simi）ar．Globa】】y，DFVcauseSlOOmi11ioncasesof  

denguefbver，250000casesofdenguehemorrhagic  
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ftver，and25000deathsannually．Itistransmitted  
bytheAedesmosqultOaIldisfbundinmorethan  
lOOcounb’ieswitharapidlyexpandjngdistribution  
thatcouldeasilyfollowthepathofWNVtoNorth  
Arnerica・TheDFVhasamedianviremiaof5days，  
and most cases are asymptomatic；RNAlevels  
rangefromlO5to109copleSpermi11iliter．Thus，  
denguehasallthecharacteristicsofatransfusion－  
transmittedagent；anditsvectorisalreadypresent  
in NorthAmerica．Thus fhr，there have been  
2transfusion－tranSmittedcases，2transplant－related  

CaSeS，and7nosocomialdengueノtranSmissionsthat  
havebeendocumented・9undoubtedly，manymOre  
tranSfusion－aSSOCiateddenguecasesoccurinende－  
mic areas；but these are masked by the high  
backgroundinfbctionrate．Fortunately，dleepide－  
miologlCpattemOfthisagentdif詣rsfromWNVin  
thatitdoesnothaveaninterrnediarybirdhost．that  
WOuldfaciIitateitsspread．   
Anagentofparticularcurrentinterestishuman  
herpeSviruS（HHV）－8，important not only fbrits  

potentialtotransmitKaposisarOma（KS）butalso  
becauseitis criticalto decislOnS regarding the  
donor reentry of men who have sexwithmen  
（MSM）・TheprevalenceofrmV－8antibodyis2％  
to4％inblooddonors，102％tolO％inthegeneral  
population，12％to16％inHIVnegativeMSMs，  

40％to50％inHIV－pOSitiveMSMs，and＞95％in  
patients with KS（Dollard SC，perSOnalcommu－  

nication）．Therehavebeenseveralcasereportsand  
epidemiologlCinsightstosuggestthatHHV－8can  
be transfusion－tranSmitted，butthebestdataindi－  

Catlngtheb・anSfusion－tranSmissionofHHV－8arein  

thestudybyHladikandassociatesattheCentersfbr  
Disease Conb・01and Preventionllwho fbllowed  
1811transfusionreclplentSinanHHVN8endemic  

area OfUganda．Therisk ofseroconversion was  
Slgnificantlyhigheramongrec）p）entSOfseroposi－  

tiveblood（excessrisk，2．7％；P＜．005）；andthe  

increasewasseenpnmarilyinthosewhoserocon－  
vertedfor anti－HHV－8between3andlO weeks  
posttransfusion，ani11terValhighly suggestive of  
tranSfusion－b・anSmission．  

In the finalanalysIS，any agent that even  
transientlytraversesthehumancirculationduring  
anasymptOmaticphaseofinftctionisathreattobe  
transfusion－tranSmitted．Thelikelihood of that  

transmissionis highly dependenton the duration  
Ofviremia（“agentemia”），andthelevelofconcernis  

dependentupontheseverityoftheensuingdisease．  
Agents fbrwhichthere are no routine screerHng  

53   



100   

measuresinplaceandthatposeadocumentedor  
potentialtransfusionriskin this modelinclude  
malariasp，dengueandotherarboviruseS，fmV－8  
（KS viruS），CytOmegaloviruS（CMV）and other  
herpesviruSeS，PaOViruSB－19（erythrovS），  
humanpapi1lomavlruS，ColoradotickftvervlruS，  
β仇h慧克卜乃扇dⅧ蘭（風沌闇血），朗rJわ鋸αand o也er  

RicketLsia，Borrelia buYgdoゆri（Lyme disease），  

ChikungunyaviruS，hepatitis AviruS，and variant  
Creutzfbldt－Jakobdisease．Acomprehensiveanaly－  
Sis of68potential／b10Wn tranSfusion－tranSmitted  

agentsisbeingpreparedforpublicationbyatask  
fbrceoftheAmericanAssociationofBloodBanks  

（AABB）andshouldbeaccessiblesometimeduring  
2008（Sb－amerS，perSOnalcommunication）．   

This vast array of potential microbiological 
threats requlreS COntinuous surveillance，Clinical  
assessmeI－tOfthemagnitudeofeachidentifiedrisk，  
andthen，Wherepossible，teStlngOrOtherstrategleS  
tolimitriskofthemostclinica11yslgn抗cantagents．  
Thisisthus an agent by agent process thatis  
inefncient，insensitive，Often controversialinits  
de云isions，andinevitablyappliedonlyafterclinical  

diseasehasoccurred，Itisareactivestrategythat  
requlreSdemonstrableriskbeforepreventivemea－  
SureSCanbeimplemented．Amoreencompasslng，  
efficient，andintuitively’appealing opt10nis a  
preemptlVeaPprOaChthatincllldesPR．Almostall  
Oftheaforementionedagentsandmanyotherscan  
bereducedtononpathogenic）evelsbynucleicacid  
intercalatingagentssuch as thepsoralens12and  
ribonavin13inthepresenceofUVAlight・ShoⅦ一  
inlもble2areknownlogreductionsfbrpsoralen／  
UVA，and muchthe same COuld be shownfor  

dbo爪avin／WA．   

Pathogenreducdonhasmultipleprovenadvan－  
tagesin thatit：（1）efftctivelyinactivates most  

ClinicallyrelevantviruseswhetherRNAorDNA，  
Slngle－Stranded or dolible－Stranded，enVeloped or  

nonenveloped，andintracellularorextracellular；（2）  

inactivates clinically relevant gram－pOSitiVe and  
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gram－negative bacteria；（3）inactivates allthe  

Spirochetes，RicketLmi，and protozoa of known  
transfusionrelevance；（4）inactivateslymphocytes  

and thusprevents transfusion－aSSOCiated graft－  

VerSuS－hostdisease（GVHD）；and（5）0飴rsprob－  

able preemptlVe PrOteCtion aga］nSt pathogenlC，  

potentiallylethalagentsthatwi11inevital）lyemerge  
iIltbe且1血re．   

Therearealsoimpedimentstotheimplementa－  
tion of PRthat to thjs point have】imitedits  
widespreadapplication，aS fbllows：（l）decreased  

productyieldforplateletsintherangeof10％to  
15％；（2）insufncientkillofsomehigh－titer，nOne－  

nvelopedagentssuchashepatidsAviruS（HJW）and  
parv0viruS B－19．However，antibodies to these  

agents are commonin the reclplent pOPulation，  
anddocumentedtransmissionsateexceedinglyrare；  
（3）concernoverpotentialtoxicity，aIthoughnone  

are known fbrribofIavin and toxicityof the  
psoralensis theoreticalatthelow residualdoses  
transfused．Forbothagents，thereappearstobea  

widesafttymargin；（4）mostsignificantly，thereisat  

presentnoslnglePRsystemthatcanbeappliedtoal1  
bloodproductsand，particularly，nOprOVenSyStem  

forPRofwholebloodandpackedredcells；and（5）  

antlCIPatedhighcost．   
AlthoughtherearenOmethodsforthePRofred  
bloodcells（RBCs）thathavebeenprovenefrbctive  
and safb in approprlate Clinicaltrials，if the  
evolvingtechnologleS eStablishtheirefficacyand  
multicomponent PR can belimplemented，then  
therearemanypotentialsavlngSthatwouldoff岳et  
thecostoftheprocessitself；including（l）reducing  
Oreliminatlngthefutureneedforadditionaldonor  
SCreenlng aSSayS SuCh as testlng fbr HHV－8，  

Bab錯ia，Ehrlichia，dengue，andmalarja；（2）elimi－  

natlng SOme Current aSSaySincluding anti－HBc，  

WNV；Tcruzi（Chagas），andsyphilis；（3）eliminat－  

ingthebacterialtesdngofplatelets；（4）discontinu－  

ingirradiatjonofbloodproducts；（5）discontinuing  

leukoreduction；（6）a1lowingfbrthecontinuationof  

T8ble2・lnactivationoflnfcctioLJ8AgentslnPtasmaandFlateletsUsjngP＄Oraren／UV－A  

Classification  Agents  Log reduction 

Virus（enveloped）  HLV－1／2．HTLV－r／［［，HBV．DHBV，HCV，BVDV．WNV，CMV．SARS－CoV，VaCCinia  ＞4．5to＞6．8  

Virus（nonenveloped）  Humanadenovirus－5，bFuetongue，ParVOVirus8－19，HAV  ＞5．1to＞6．8  

3．5to＞5．O  

Bacteria  Gram＋andgram－  ＞7．3  

Spirochetes  乃■印〉〝Ie／刀∂p∂仙m．βムu／汐血〟e〟  ＞5．9to＞10．6  

打otozoa  鋤ざmOd山爪ね血わ∂〃m．rC用れβm正作ー／  ＞5．Oto＞6．9  

Abbreviations：HTLV，hurnanTlymphotropICVirus；BVDV，bovinediarTflearVirus．  
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mlnlpOOltestlngratherthantheprobableevolution  
toindividualdonortesting；and（7）red11Cingdonor  

竺Clusionsbasedongeography（malaria）・Cumula－  

tlVely，thesemeasurescouldresultinvastsavlngS  
that should offset the implementation costs of 
PR．However，thesesavlngSCanOnlyberealized  
afterprocedures払rthePRofRBCproductsare  
蝕11yopemdonal．   

Perhaps the keyimmediateissueis notthe  
efncacyofPR，Wheretheevidenceissubstantial，  
and not evenits safety，Where toxicity remains  
theoretical，butratherwhetherweshouldintroduce  
PRreductionforplateletsandsingIe－donorplasma  
beforeasystemisinplacetoinactivatepathogens  
inRBCproducts．Thisisadifncultconundrum，and  
Oplniononthisissueissharplydivided・However，it  
isknownthatmanypatientsreceiverepeated，0允en－  
dailyplatelet btansfusions that are onlylntermit－  
tentlyaccompaniedbyRBCtransfusionsandalso  
that many centers poolplatelet products，VaStly  
increasingdlereClplenteXpOSurerisk．  
Itisalsoprobablethatifwewaitfbrthecomp】ete  

PRpackage，anOther5tolOyearSwillelapsebefore  
licensure andimplementation；andin that time，  
innumerable platelet and plasmainfusionswi11  
FOntinuetotransmitinfections toreclplentS that  
COuldhaveeasilybeenprevented．Ifsuchtransfu－  
Sion－tranSmissioninfbcdons are accompanied by  
Slgnincantdisease，thenfurthertransfusion－tranS－  

mitted tragedies could ensue，Ibeljeve thatthe  
precautionarypnnclple andthe moralimperative  
dictatethatweimplementwhatwe have，eVenif  
theyarelessthanperfect．Admittedly，thereisthe  
Othersideofthecoinin thatp）ateletandsingle－  
donorplasmainactivation，intheabsenceofRBC  

inactivation，wi1】notreapthennancialoffsetsofa  
COmpletePRsystemandinthatRBCproductswill  
COntinue tolransmit disease．Furthermore，itis  

known dlat tranSfusion－tranSmitted pathogens are  
Only onepart oftherisk equation and，nOW，nOt  
eventheIargeStpart．However，Iwouldcounterdlat  
preventlng human e7TOr，COntrO】ling transfusion－  

relatedacutelunglrUury，andPRarenOtmutua11y  
exclusiveandanwaysofreducingtransfusionrisk  
ShouldbepursuedwithequalvlgOr．   
ThesoIvent－detergentb’eatmentofplasmaandits  
derivativeshasestablishedtheprjncjplethatPRof  
evenaslnglebloodcomponentishighlybene石cja】  
and has established the enormous value of a  

Preemptive PRstrategy．Unjversalinactivation of  
p】asma derivatives has rendered the formerly  
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highest－riskbloodproductsnowtobethesa丘st．  
Asblood仕ansfusionservicesscrambledtomeetthe  
threatofWNV how reassured plasmarnanufac－  
turers were to knowthatthey had this agent  
preernPtlVelycovered，aS theywollldforDFVor  
anyotherlipid－enCapSulatedagentthatthreatensthe  
bloodsupply．HadsoIventdetergenttreatmentof  
plasmaderivativesbeenimplementedintheearly  
1980s，mOStHIVandHCVcasesthatdevastatedthe  

hemophiliacpopulationcouldhavebeenavoided．  
This statementis being made not to cast retro－  
SpeCtiveblame，buttotake alessonfromhistory  
andtoillustratethevalueofhavingaprotective  
preemptive mechanism in place before the next 
agentstrikes．   
Thereis greatpotentialriskindelaylng）mple－  
mentation of PR while waitlng fbr absolute  
evidence and a perfect system to be put into 
place・WaitinglS aCalculatedriskthatde頁es the  

precautionarypnnclple．Canwechancethepossi－  
bilitythatanewlethalagentwillentertheblood  
SupPlyandreplaytheH】Vtragedy？Canweface  
futuregenerationsandsaywedidallthatwecould  
doatthetime？Ibelievethetirnehascometoact．At  

present，thereare2technologleS，pSOralen／UV－A  
andriboflavin／WA，thatwould bring the same  
levelofsafttytoplatelets as currentlyexists fbr  
COmmerCialplasma andits derivatives．Evidence  
fbrtheefncacyandsafttyofPRforplateletsand  
slngle－donorplasmaproductsissufncient，14，】5if  
not overwhelming；and the European experience  
with psoralennJV－A－treated platelets has proven  
the practicality and safもty of this approach  
to transfusion－tranSmitted disease prevention・16  
VVhether or not one co11CurS With the need to  

rapidlylntrOducePRfbrplateletsandnonfractio－  
natedplasmaintheUnitedStatesandCanada，the  
moreimportantand，Ibelieve，CruCialmessageis  
thatwehavetoestablishamind－SetthatsaysPRof  
allbloodproductsis alaudatory and achievable  
goaland that we need toinvest ourselves  
emotionally，1ntellectuaIly，andfinanciallytomake  
this happen．The blood bank establishment，the  
NationaIInstitutesofHealth，theFDA，andindustry  
havetomakethisconceptaphorityandthenwork  
in concert to devote substantial resources and 

energy to achieve this goal，JuSt aS they did fbr  
viralnucleicacidtestlng．Onlythenwi11ithappen！  
lwasinthatpackedhotelbal1roomin1994when  
DrDavid Kesslerurged blood banks to develop  
Njrrfbrroutinedonorscreenlng．Histalkraised  
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bloodsafbty．IamnoDavidKessler；butIadmonish  

andencourageyoutosaythisistherightthingto  
doandthatwehavetofindawaytodoit．Wehave  
tobitethebullet．Fortunately，inthiscase，itisa  

magicbullet．  
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eyebrowsandgreatskeptlCism；butbecauseofhis  
positionofauth0rity，itdrovethesystem，generated  

government－iddustrycoIIaboration，andresultedin  

therema止abIyrapiddevelopmentofpracticalNÅT  

assaysthat have been an enormous addition to  
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バイオワン株式会社回答  

4月8日運営委員会一安全技術調査会合同委員会後  

追加質問事項2（各社共通）  

インターセプトブラッドシステム（S十5g） ′くイオワン株式会社  

1．EU主要国等、各社の不活化技術を導入しているそれぞれの国における供給の実態。   

輸血用血液製剤の全供給数（不活化技術を適用している製剤と適用していない製剤   

の合計）、そのうち不活化技術を適用している製剤の割合は何％か。また、′供給はど   

のように行われているか（供給先、医師の希望により供給できるのか等）。  

国   
血小板供給数  血菜供給数  

全数   不活化率   全数   不活化率   

ベルギー   70，000   100％り   110，000  

フランス   230，000   約10％［20  100％■2   

07年］   

ドイツ   400，000  1，200，000  

イタリア   120，000  605，000  

スペイン   215，000  275，000  

スウェーデン   35，000  120，000  

ノルウェイ   20，000  30，000  

ロシア   75，000  260，000  

＊1：ベルギーは血小板の100％不活化導入が決定されているが、未政府状態が続いて   

おり、大臣就任後100％実施になる。保険適用についても実施が遅れている。血渠に   

ついてはすでに2センターでIBSの日常的使用を開始。  

＊2：フランスは規制により血菜の100％不活化を要求されている。IBSによる不活化率   

は未確認（アルサスなど3か所でMBからIBSに変更）  

＊3．ドイツではリューベック、フランクフルトで血小枝用IBSの日常的使用開始。  

＊4．イタリア、スペインでは地域により採用が始まっている。採用の判断は血液センター   

による。昨年北イタリアでChikungunyaが発生した際には既に［BSを採用していたため   

血小楯の供給に支障は生じなかった。  

＊5．ノルウェ一、スエーデンでは血液センターにより採用の判断をしている。不活化の費   

用は全体治療に必要な保険の範囲内で負担可能。  
＼  

＊6．ロシアは医師、患者の判断により不活化した製剤を血液供給者に要求。  
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供給方法  

1）ベルギー   

その地域の血液センターが提供する血液製剤をそのまま使用。血液センターによっ  

て供給する製剤が不活化されているかいないか異なっているが2008年中に1’00％不  

活化した血小板が供給される予定。不活化は100％氾Sによる。  

2）フランス   

採用する血液センターは100％採用になっているため地域によって不活化されている   

かされていないか決まる。  

3）ドイツ  

血液製剤はドイツ赤十字（75－80％）、病院／大学（10－15％）、供給民間会社（10％以下）  

から供給されている。血小板は原則Bu勒Coat血小板で成今採血血小板は理由をつけ  

て医師の要求がある場合に限られる。ガンマー線照射も骨髄移植患者など特に必要な患  

者に限って実施している。現在は成分採血の際に旧Sを採用しているが（リュー下ツク）今  

後はBuf毎Coatにも鱒Sの採用を広げている予定です。フランクフルト血液センターで  

HemovigiJanceの体制を整えて実施予定。  
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2．各社の不活化技術を適用する前の製剤に白血球除去を行った場合と、不活化技術を   

適用した製剤に白血球除去を行わなかった場合を比較して、GVHD等の副作用の推   

移はどのようになっているか。  

現在 白血球除去を行わずに不活化処理を実施している国はない。  

白血球除去導入実態  

ベルギー、フランス、ドイツ、スエーデン、スペイン、ノルウェイ100％  

イタリア  約70％  

ロシア  約20％  

白除と、白除＋不活化の副作用の比較は下記情報がある。   

Int餅仏叩tによる不活化導入前後の副作用の比較（DrJOs＄0laorベルギー）  

対照期間（不活化処理前）  tNTERCEPT不活化処理期間   

血液製剤  血小板（未処理）  赤血球（未処理）  血小板（不活化）  赤血球（未処理）   

調査期間   18ケ月   18ケ月   柑ケ月   18ケ月   

輸血数   3529   9551   4051   11493   

副作用   1．3％   0．4％   019％   0．4％   

血小板では、不活化処理前の期間は細菌検査、γ線照射、CMV検査を実施していたが、  

不活化処理導入後これらの検査、処理は実施していない。  

赤血球は不活化処理を行っていないので、両期間とも副作用の発生率に変化はない。  

一方、血小板は不活化処理導入後、上記検査、照射を廃止したにもかかわらず、副作用  

の発生率が減少し統計的に有意差が認められている（p O．002）  
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3．EU主要国における不活化技術導入後不要になった技術（白除、NAT等）  

匡l   不要になった技術   

ベルギー   細菌検査、γ線照射、CMV検査、導入予定の個別NATの導入中止   

フランス   γ線照射、導入予定の個別NATの導入中止   

ドイツ   γ線照射   

イタリア  

スペイン  

スエーデン  

ノルウェイ  

ロシア  

東欧のIBS導入センターでは導入予定の白除の導入中止を検討しているが、まだ決定し  

ていない。  
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4．EU主要国における不活化技術を適用している製剤の市販後調査の実態（調査数）  

1）血小板  

ヘモビジランス①（20∽年10月～20粥年12月）   

ベルギー、イタリア、スペイン、ノルウェイ   

輸血数5106PC、患者数6畠1人、1人当たりの輸血数‥1～156回平均7．8±16．2回   

97．3％の血小板製剤はγ線照射なし   

輸血関連の有害事象（可能性がある、おそらく関連、関連ある）   

グレード1：41輸血、グレード2以上：1輸血（全有害事象42例、0．8％）   

感染、TRAu及び死亡はない。  

ヘモビジランス②（2005年5月～2007年1月）   

ベルギー 、フランス、スペイン   

輸血数7437PC、患者数1400人、1人当たりの輸血数＝1～129回平均5．3±10．8   

回   

98．9％の血小板製剤はγ線照射なし   

輸血関連の有害事象（可能性がある、おそらく関連、関連ある）   

グレード1：55輸血、グレード2以上：0（全有害事象55例、0．7％）   

感染、TRAu及び死亡はない。  

ヘモビジランス③ フランス（仙＝貼La鮎血on）  

［ledeLaReunionでは2005年から2006年にかけてチキングニヤが大流行し島内採血  

を禁止した。急遽、本国で導入されているIBS不活化技術を導入後、島内採血を再開し  

血小板を確保した。   

輸血数1948PC、有害事象 0．98％   

チキングニヤ感染例はない  

ヘモビジランス④ フランス刷由¢○）（2006年9月～2007年8月）   

輸血数13241PC，患者数2069人、1人当たりの輸血数：1～289回 平均6．4回   

有害事象 37輸血（0．14％） 

TRAul例、感染、死亡は報告されていない。TRALIは出産経験が3回ある女性の   

成分献血による。  

ヘモビジランス（9   

輸血数4000PC 2008年6月［ntemationalsocietofbloodtransfusionで発表予定  

ヘモビジランス  ドイツ  

輸血数 5000PC 2008年より開始  
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2）血渠  

ヘモビジランス①   

輸血数3000PC 2008年6月［nternationaLsocietofbroodtransfusionで発表予定   

なおバイオワンとシーラスではHemovigilanceに当たる市販後調査を継続して実施する  

予定です。アジアにおいても欧州と同じ基準により実施しますが日本は日本赤十字社の  

ご判断によると思います。  
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