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年月 日  2008年5月8日  該当なし  総合機構処理欄   

Estimatingthepathogensafetyof  
一般的名称  

公表国   

manufacturedhumanplasma  
products：app＝．cationtofibrin  米国   

研究報告の公表状況  Sealantsandtothrombin． 

販売名（企業名）  
Horowitz．B．andBusch．M．  
Transfus、ion．48，1739－53（2008）   

本稿では，米国で最近上市された2種類の血液製剤（トロンピン及びライブリノゲン）を用いて，パルボウイルスB19（B19V），A型，       使用上の注意記載状況・  

B型及びC型肝炎，HIVならびに変異型クロイツフェルト・ヤコブ病（ⅤりD）関連プリオンの病原体感染l」スクを評価した。特に，A  その他参考事項等  

型肝炎ウイルス（HAV）及びB19Vは，エンベロープを持たないため不括化がより困難であることから本試験の対象とした。これら血       BYL－2008－0323  

研                                液製剤の製造過程では2つの異なるウイルス除去工程が使われている。各病原体の女全域は，出発原料内の最大ウイルス量と製造工   

究  程の除去能との比較によって決定した。フィブリノゲン及びトロンピンは，ともに1バイブル当たりの病原菌が伝播する残遺リスク   

報   

昔 の  ，， 
概、  ルス（西ナイルウイルス，H5Nl型インフルエンザウイルス，重症急性呼吸器症候群（SARS）ウイルス又はチクングニヤウイルスーい   

要  ずれもエンベロープを持つ）の脅威に関しては，現在の製造工程が完全な不活化をもたらすことがわかっている。したがって，血凍  

製造業界は，血液製剤の安全性を増強するために過去10～20年に実施された多くの改善点により，優良な安全性プロファイルをもつ  

製品の製造し，提供していると著者らは結論付けた。   

報告企業の意見  今後の対応   

著名な2研究機開が発表した本研究では，新たな脅威として現れ  
たエンベロープウイルスに対する完全不括化法や非エンペロー  

プウイルスやプリオンに対する実質的除去法など，病原体不特化  
接が常に改良され続けてきたことを確認している。したがって，  

実質的リスクが存在する血液製剤と違い，血紫分画製剤における  
病原体伝播リスクは極めて低いと考えられる。  

㊤   



302   



BYL－2008＿0323  

指l」t川tI‖‖＝Il川Ml－ r川ST川Ii  

Estimatingthepathogensafbtyofmanufacturedhumanplasma   

PrOducts：apPlicationtofibrinsealantsandtothrombin  

βerJ7αd月bro比／f比α〃d腫cわαgJβ比∫Cわ  

roducts derived from humal－ plasma have  

importanttherapeuticuses，incIudingsubstitu－  
tion therapy for hemophilia and prlmary  
immunede丘ciencydisorders．pJasmaexpanders  P  

BACKGROUND：PIasmafractionatorshaveimpte－  

rnentedrnanylmPrOVementSOVerthepastdecade  
directedtowardreducingthelikelihoodofpathogen  
transmissionbypur沼edbbodproducts、ye＝ittIehas  

beenpublishedatternptingtoassesstheoverarlimpact  
Oftheseimp（OVementSOntheprobab冊yofsafetyof  

thefinalproduct．  
STUDYDESJGNANDMETHODS：Safetymarginsfor  
humanimmunodeficiencyvirus（HN），hepatitisCvirus  

（HCV），hepatitisBvirus（HBV）．hepatitisAvirus（HAV）．  

ParVOVirusB19，andvarian＝omofCreutzfeIdt－Jakob  

disease（VCJD）werecalculatedforthetwofibrinseaト  

antsticensedintheUnitedStatesandforthrombin．  

Theseproductswerese蔓ectedbecausetheiruseina  
CEinica［settingis，inmostcases，OPtional，andboth  
wererelativelyrecentFyapprovedformarketjngbythe  
USFoodandDrugAdministration（FDA）・Moreover，  

thrombinandfibTinogenbothundergotwodedicated  
Virusinactivatjonstepsand／orremovatstepsinaccofd  
Withtherecommendationsofregulatoryagenciesworld－  
Wide．SafetyrnarglnSWeredeterminedbycomparlng  
thepotentialmaximumviraJIoadsincontaminatedunits  
toviraick）aranCefactors．u酌malelyleadingtothecaト  
Culationoftheresiduat（iskperviaL  

RESULTS：Theresidualriskofpathogentransmission  
PerViafwascalculatedtobelessthanlinlO－15for川V，  

HCV，HBV，andHAVforbothfibrinogenand佃rombin・  

Owin9tOthegreaterquantitiesLthatcanbepresentand  
itsgreaterthermalstab冊y，thecaIcutatedriskforpaTVO－  

Virustransmissionwaslin500，000vialsforfibrinogen  
andlessthanlinlO7pervialforthrombin－Assumlng  
thatvCJDisfく）undtobepresentinpIasmadonations，its  

l■iskoftransmissionbythesepu哺edandprocessed  

PIasrnade再vativeswouldappeartobeverylow・  

CONCLUS10NS：Thepathogensafetyinitiat付esimpIe－  

mentedbyplasmafractionatorsoverthepastlOto20  
yearshaveresuけedinproductswithexceltentpathogen  

Safetyprofi［es．Oftheagentsexarnined．parvoviruscon－  

tinuestohavetheIowestcalculaledmarginofsafety．  
【）espitethis，ParVOVirustransrnissionsshouldberare・  

Manufacturersareencouragedtocontinueexptonng  
PrOCeSSeStOfurtherenlargeparvovirussafetymargins  
andtocontinueexp［orlngWaySOfe“minatingprJOnS・  

after trauma and surgery and as hen10Static agents十3  

Plasmaproteins andtheirfunctionsaresodiversethat  

newapplicationsbrcurreI－tlvlicensedplasmaprotein  
PrOductscontinuetobeinvestlgated4andnovelplasma  
protein products continue to bc developed・5－7Conse－  

quendy，theTehasbeen anincreasein the quantityof  
plasma processed worldwide，and signi丘cantimprover  

mentshavebeenmadeinmanufacturingproceduresalld  
in plantdesignandoperation．Manyoftheseimprove－  

mentswereimplementedwiththegoalofassuringsafe  
Of plasma derivatives from transfusion－t剋Smissible  

pathogens・Theseincludel）improvedselect主onofdonors，  

2）useofplasmaonlyh■Om“quali丘edりdonorswhorepeat－  

edlypassviralscreeningprocedures，3）useofnucleicacid  
amplificationtesting（Njrr）methodstodetectandelimir  

natevirusbeforedlepOOlingofdonorunits，4）inventory  

holdpoliciesthata1lowinterdjction of‘‘window－Phase”  

AB8REVlÅTIONS：BVDV＝bovineviraldiarrheaviruS；  

11AV＝hepadtisAviruS：1D（S）＝infcctiousdose（S）；  

PRV＝PSCudorabiesvirus；SARS＝SeVereaCutereSpiratory  

Spldrome；S〃）＝SOlventノdetergen＝methodorvirus  

inactivation）；TN別）＝tri－（Jトbutyl）phosphale（血esoIventinS／D  

treatment）；VCID＝Variant如r7nOfCreuLzfbldt－1akobdisease  

thatinfectsmanandpresumptlVelyhasarisen丘omtheepl－  

demicofbovinespongifofmenCephalopathyincatde；  

Wl（Ⅴ＝ⅥねstNdeviru5．  

FromHorowitzConsultalltS，Ⅰ⊥CXeyBiscayne，Florida；al－d  

BIoodSystemsResearchlnstituteandUmiveTSityofCdiLomiaat  

SanFrancisco，SaLnFrancisco，C衰ifomiaノ  

Add′閻5呼月和一柁q〟打払敗Bema∫dHorow他PhD、785  

CrandonBoulevad，Unjt1204，KeyBiscayme．FL33149；e－mai］：  

horowitzcoIISult＠aol．com．  

Suppoftedinpartbylohnsonandlohnson，1nc・  

ReceivedfoTpubiicadonNovemberl，2OO7；revisioIl  

receivedlanuarY24，2008，andaccepted！anuary27，2008・  

doi：10．1111／i・1537－2995－2008・01717・Ⅹ  
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HOROWlTZ AND BUSCH 

MonteCarlomodeltoestimatetheriskofhumanimmu，  

nodeRciencyviruS（HIV）andhepatitisBviruS（HBV）ina  
hypothetjcalplasmaderivativesubjectedtowhatappears  
tobeasmglemethodofviralinactivation・Basedontheir  
assumptions，they ca］culated that the risk pervial  
approximatedlinlmi11ior）一Giventheseimprovements，  
thelreCentlicensure ofhuman plasma－derived topical  
thrombill，andthefrequentsurg】Caluscof6brinsealar）tS，  

COnSistlng Of負brinogenin addition to thrombin・itis  
tjrnelytoestimatetheirpathogensafety・Theseestimates  

areespecial）yusefulsincetheBbrinogencomponentof  
員brinsealantsisatnongtheleastprocessedbloodderiva－  
tives，WhilethemanufacturlngprOCeduresfortllrOmbin，  
Whetherpartofafibrinsealantkitorusedbyitse牲are  
typicalofdlOSeemployedwithl－10StneWerplasmaderiva－  
tives．Thrombinalld角brinogenbothuJldergotwodedi－  

Catedvirusinactivation steps and／or removalsteps．  

Fibrinogenandthrombinffomeachcompanyareeach  
treatedbysoIvent／detergent（S／D）・Addidonally；Omrix  

pasteurizesits負brinogenand nano丘1tersits thrombin，  
Whi］eBaxtervaporheatsbothcompor）entSfo1lowlnglyD－  
phjlization・The負brinogenpreparationcannotbenano－  
Blteredwithoutsu馳ringlargelossesin汽brinogen and  

貢bronectindue totheirlarge size．The presence of  
貢bronectinmaybeimportantsinceitcontributestocell  
adhesion．24ForHIVhepatitisCviruS（HCV），andHBVthis  

report11Pdatesestimatesmadebyoneofus（BH）in199025  
usingbetterinformadononviralloadsthanwasavailable  
thenandenlaLrgeSthepathogenlisttoinc）udehepatitisA  
virus（HjW）andparvOViruS，bothofwhicharenonenveト  
OpedviruSeS，andtheprionthatcausesvariantformof  
Creutzfeldt－1akobdisease（VCJD）．1tisanticipatedthatthe  

methodofapproachreportedherecanbeappliedtoother  
existlngOreXperimentalbloodproteinproducts・  

MATERIALSAND METHODS   

TⅣOdistinctmethodscanbeusedtocalculatepathogen  
safety．The丘rstistocalculatesaLbtymarginsbycomparing  
thenumberofinftctiousunitsordosesofpathogeninthe  
StartingmaterialtotheclearanCeCapaLCityofthemanuT  
facturlngPrOCeSS・Thesecondistomeasureclinicalout－  
COmeS，COmPaLrlngtheincidenceoftransmissjontothe  
quantltyOfproductinfused・取ansmissionsinaclinical  
settingshouldbeconsideredthegoldstandardsincethey  
invoIveactualbTmeaSurmgWhatwewanttoknow，and  
withthisinformation，Oneeanback－Calculateclearance  
FapaCitiesofprocessesfbrknownpathogenburdeI－S・On  
theotherhand，Clinicaistudiesofthetyperequiredcanbe  
extremdylengthyzuldexpensiveandtheresultspossibly  
misleading．Thefomermethodhastheadvantage小at  
estimatesofsafetycanbemadeinadvanceofclinical  
testing．Moreover，thesafetymaT由娼Calculatedforawide  
rangeofviruseslikelywil）alsobeapplicabletounstudied  
andnewlyemerglngviruSeS・  

u11itsbeforcpooling，5）employmentofpurificationpro－  
ceduressho冊1tOremOVeviruSOrprlOnSShouldtheybe  
present，6）theuseoftwocomplementaryor‘‘orthogonal”  
methodsofvirusinactivation，and7）theengineeringand  
design of facilities so as to prevent contamination of 
downstreamprocessstreamSwithupstreamfractions・  
Productsthatpromotehemostasisandtissuesealing  
fbuowing trauma and surgery are among the more  
recentlvlicensedhumaLnP】asmaproductsintheUnited  
States．Two盲brin sealants，One h・Om Omrix（NewYbrk，  

NY）andonefromBaxter（Deer丘e】d，IL）．arelicensedin  
theUnitedStatesbytheFoodandDrugAdministration  
（FDA），and Omrixalso recendyreceived approvalofa  
topicallyapplied山rombin・WhiletheycannotbetlSedin  
al1surgicalsettings，SuCh as to controlhigh－preSSure  
（artcria】）bleeds，these products have been shown to  

improvesurgicaloutcomes′reducethedmetohemosta－  
sis，reducebloodloss，andreducest）rgicalcolnplications・8  
SubstitutesforthesehumanpIasma－derivedhemostatic  
agents have also been developed・including bovine  
thrombin and recombinantTderived h11manthrombin．  
Bovine thrombinisantlgenicallydistinct丘■Om human  
thrombi11andhasbeenshowntoelicitahtibodieswhen  
usedinman．9Theseantjbodies，aSWe11asantibodieselic－  

itedtobovineimpuriticsintheproduct，eSpeCia）1yand－  
bodjestocoagulationfactor（F）V；haveresultedinsevere  
bleedingcomplicationsduetocross－reaCtionwiththeir  
humancounterparts・】○一13Higherpurificationhasreduced  

this complication，althougharecentreport14indicates  
thatantibodyformationstilloccurs・▲Productsmadeby  
recombinant teClm0logy have their own，SOmeWhat  
unlque．issues．Dependingon thegeneconstruCtuSed  
andthecelllinechosen，theaminoacidsequencemay  
difFerfromthatwhichoccursnaturally，anddifFerencesin  
posttranscriptionalprocesslngOftenresu］tinalteredpat－  
terns ofglycosylation or other molecular changes・15▲lg  

Consequently，血ImunOgenicityis a potentialproblem  
thatneedstobecontinuallyassessed・Also，dependingon  
SPeCiBc production deta鮎，man血ctunng procedures  
mustemploystepsdesignedtoinactivateand／orremove  
Viral contaminantS（and other potential pathogens）  
knowIltObepresentinthecelllineand／orinthecu止ure  
medium employed．20Additiondly，in many circu皿－  
StanCeS，thehighercostassociatedwithrecombinantpro－  
teinslimitstheiruse．  

hthepastdecade，manyeStimatesofthe．viralsafety  
oftransfusedwholebloodanditscomponents（i．e．，red  
blood cens，platelet concentrates，and fresh一缶ozen  
plasma）haNebeen published，witheach passingyear  
showing血provedviralandbacteria）safety・21ヱ2tnthe  
sametime frame，aSide froⅡ）mOnitoringclinicalout－  
COmeSand despitetheaforementionedimprovements．  
1ittlehasbeez】Publishedtoassesstheparallelincreasein  
Safetyofmanufheturedplasmaproducts・Arecentpubli－  
cationbylanSSenandcolleagues23usedaprobabilistic，   

2 TRANSFUS10N Vo］um81’．●‥’  
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EST［MAT［NG PATHOGEN SAFETY  

Productsafeq，marg】nSCanbeca－1culatedbycon－par－  

1ngPOtentjalviral］oadswiththeviralclearancecapacltY  
hytheformutas  

VL＝NxC，   

WhercVLisvira11oad，Nisthenumberofunitsinapiasma  
pooIcontainlnginfectiousvirus，andCistheconcentra－  

tionofvirusinthoseunits，and  

SafetyMargin＝CC／VL，   

WhereCCisthec］earancecapacityortheabilityofthe  
processtoremoveorinactivatethejnfectiousagentbcing  
s†udied．  

immunode缶ciencyvirus），Ⅲ叫H（二V andWNVitisnow  

l代Ilestablishedtha［duringtheacutepreseroconversion  

Phaseofinfection（Pre－ramp－uP andramp－up StageS），  

virionparticlesinplasmaarehighlyinfectjous，WithlOor  
fewergeqin the entirc volume ofplasmasl戯cient to  

transmitinfectionfol】0Ⅵngparenteralinjection．1nconL  

trast，vira】partjclesI－reSent jn plasma from the same  

infcctedindividualshavesignjRcantlY（10－tOIOOOLfold）  

redueeditlfectiouS POtential wecks to years after  
SerOCOnVerSion・29L35・48・43ThereducedinfectiⅥtyOfplasma  

ViruS丘■OmPOStSerOCOnVerSionphasesofchronicinfectlOn  

isattributabletoacombinationoffactors・incIudingpres－  

enceofendogenousneutralizingantibodies，generatioI－Of  

defective virions（i・e・，1acking fullgenomes or other  

requiredinfectivity factors），andimmune selectjon of  

Virions with reduced fミtness．Hence，viralload distribu－  

tions observed during acute vers11S Chronic stages of  
infectionneedtobeadjustedbyafactortoaccountfQrthe  
reJativeinfecdvityofvirionpa血ctestoderiveestimates  

forthefunctionalviralloadduringcachstage■  

Aildonatedb‡00dinthe LTnitedStates，Whetherfor  

thepreparation ofcompor）entSOrforuseinmanufacp  
turedplasmaproduct＄，isscreenedbyserologicassaysfor  

HIVlamd－2，HBV HCV and hun－anlyl－1photroplC  

Virus－1and－2andbvNATforHIVandHCV Donorsare  

alsoexcludediftheyhavecertainriskfactorsthatmake  
theirexposuretovirusesorprlOnSmOrelikely．Addition－  

ally，Plasmamanufacturersscreendonatedゾplasmaina  

mlnlpOOlformatforHBV HAV andparvovirusbvNAX  
TheuseofNATgreatlyreducesvira11oadssincepositive  
units．missedbyseroIogicscreeningprocedurestypicallv  

havethehighestconcentrationsofviruS，Whichisalso  
highlyinfectious・Consequently，Withveryrareexceptjons  

OfconcordanttestingerrorsizbSerOlogyandNATscreen－  
ing，0nlyunitsthattestbothserologicallynegative（i・e・，  

Window－phaseunits）andthathaverelativelylowtitersof  

infectiousvirus（＜500－5OOOinfeetious dosesiIDsけmL）  

are pooJed．Furthermore，manufacturing pooIs are  

retested by NÅT before fractionation to assure that  

high－titerviremic unitswerenotmissed as aresult of  
erroneoustestiI】g・Asaresult，theprobabilitythatafrac－  

tionation pooIcontains a sign摘cantlevelofvirusis  

e虹raordinariユyrざmOte．   

Pathogeninfectious toad estimates are glVe王一in  

Thblel・Tbestimatethenumberofpositiveunitsmissed  

by the screenlng PrOCedures employed，Currentlv  
ObservedNÅrvie】ds，eXpreSSed as number ofpositive  

Samplespermi11iondonations，Wereadjustedtoaccount  
fortheamountthewindowperiodisbelievedtobecloscd  
thro11ghtheuseofN肛Fromthis，WeCO王】Cludethatfew  

plasmapooIswillcontainHIVHCVorHAVwh追econ－  
taminationbvHBVandparvovirusB19wiubeconsider－  
ablymorefrequenLBasedonthear）alvticalsensitivityof  
theNATassays，thediludonfactorsduringassay，andthe  

VOlume ofanindividualdonor unit，We CalctlJated the  

Volume…，★‥★  TRANSFUS10N 3  

Viral load 

Thepathogensofinterestformanufacturedplasmaprod－  
ulユSarelargelyvirusesthatarepresentinbloodpredomi－  

nantlyasce11－fre占virions（e．gリHBVHCⅥHIVHJWand  
parvovirusB19）・OtherexamptesincludeWestNilevirus  

（WNV）anddeIlgueViruses．ThenewlydescribedvC7D  

agent．presumablya prion，is also a potentialconcern  

dcspitetheabsenceofevidencethatitistranSmittedby  
purified plasma protein products・Z627 cell－aSSOCiated  

Viruseslike cytomegaIoviruS，Epstein－Barrvirus，and  

humanherpesvirus8arenotaconcernsinceinfected  
CelJsareremovedbytheapheresisandfi1trationproce－  
duresincommonuse．Bacteriaandfungiarealsoe鮎c－  

tiYelyremovedbvtheterminalsterilefiltrationsappliedto  
al】biologlCprOduets，includingplaLSmaprOducts，reCOm－  

binant products，mOnOClonalantibodies，and so brth，  
andthereforewillnotbeadd工eSSedhere．  

Forthe maJOrtranSfusion－tranSmittedviralpatho－  

gerlS，thevira］loadsaretypICa11vmea5ureda5genOme－  

equivalents（geq）permLofplasmabasedonresultsof  

quantitative NArTheseloads varydramatica11yduring  
thcprogressivestagesofinfecdonwith血ehighestviral  

loadsseentransiendyduringtheacutepreseroconversjon  
（i・（㍉SO－Ca11edwindowpe†iod）stageofinfcction；mOre，  

OVer，infectiousnessisals（）highest during this same  

Period．28，3Osubsequenttoantibodyseroconversion（and  

COincident withinnate and adaptive cellularimmune  
responsestoinfectjon），theagentsarel）eliminatedffom  

thebodv（e．g．，eradica仕On Ofinfection，aS OCCurSWith  

WNVIi瑚anddengue）；2）clearedfromplasmabutwith  

persistenceofcell－aSSOCiatedvirusintissues（e・g・，latent  

inねctions such as herpesviruses，parVOVirus B19，and  

“occult”HBVinfections）；Or3）persistentatreducedcon－  

Centrationsin plasma（i．e．，SO－eal1ed set－pOintviremia  

af［（！reStablishmentofchronicHBVHCVandHIVinftc－  

dons）・［nadditiontovariationsinviralloadmeasuTedby  

NAr；asinfectionsevoIvetheinfectivityofviruseschange  
profot）ndly・31‾39FoT HⅣ（andits modelagent simian  
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TABLEl．V（r81Ioade＄t［rn8te  
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●ForHIV．HCVandHBV．aNATyieJdunitisd8fJneda8anantlbody・Orhopa地Bsu血oantigen（HBsAg）・negativedonationdetectedbyRNAand／orDNAscreヲningusingpooledNAT   
8yStOmS．Rate＄PreSentOdarepub”BhodratesfromUnitodStatosandEuropeanwho18・blooddonorscreeningprogram8・TB’78AlthoughMJ’yieldrat郎forthesevlruSeSamOn9SOul℃e   
plasmadonorsarBhZgh即納iso柏泊tbysourcopla5maPOIIclesthatBt（Pu［atethatonfypla8mafrom『ua伽ddonors”bbrelea8edforfractiona血nandthatfroヱenunltsb8heJdininv帥   
toryen8bllng－nterdk，t10nOfquarantinedpotentialwindow・Pha＄eUnitswh8ndonorslate｛t舶treaCtiv8for）nfectiou＄disea＄8rn＆rk8rSOraredeferredforotherrea＄On＄・79ForHAVandpar－   
vovlruBB19，Weu8etherateofdot8CtionofhightitervtrBmicdonationsbylow＄en＄kivityNAT＄Creeningofwhole－b100dandplasmadonor8，lrro＄PeCtlveofserostatuso川帽micunits・00・81  
†Thepercentagei＄dBtermlnedbydividlngthenumborofd8ySNATdetect8PO81tiv08amPlesbythonumberofdaysfromwhenadonorbecomesinfectlousunti＝here．issu珊cientantibody  
tob。detectedB。rOloglcally（HIV，HCV，HBV）orther8ls＄ufflcientantibodytorende｛thedonationnonlnfectious（HAV・PaⅣOViru8；SeeBuschetaL・82forcpnceptualbasisforthisapproach   
andKlelnmanandBusch83forappILcationofthisapprDaChtoHBV）．Thoresidua＝nfectiouswlndowperlod9aredefinoda＄thenurnberofdaysfromviremlareaCh［n9themlnirnalinfectious   
threshoJd（80ta91copypor20mLofplasma；Bu8Chotal．e4）tothe‡eveIofvlremiadotectedbypooled・SamPleNATlusingthevira（doubling－tjme5、duringtheacuteramp－UPPha＄eS   
estabtjshedforeachagent（20．5hrforH］V，10．8hr†orHCV，2．6day＄10rHBV，andapprox・1dayforHAVandparvovlrusB19）・Thlsyieldedp（e－NÅTinf8CtiouswindowperiodsDf12   
dayBfor＝一∨．7day8forHCV，33day＄forHBV，and2day8forHAVandparYOV血SB19・TheMJdetectionwindow9arObasedontimefromr8aChhgthe50percentsensitivityofthe   
NATscreenln9aSSayStOthepolntofseroconver5ionforHlV（11days），HCV（50days），andHBV（10day＄）ortheduratlono＝hee8timatedNATyietdwindowperiodforHAV（5days）   
8ndpaⅣ0V血＄B柑（5dayち）・  
‡Wea8＄umedthatth850p8rCentSenSMty18VeI8for8S＄aySuSedbysourcep18＄madonorsareinthesamerangoasthosereponedbytheNationalGeneticslnstitute（NGl）・NGINAT   
ass8y8areU8edbyapproximately60percentofthe＄OurCePJasmaBeCtOrforal＝帆喝Viruses・a5We11asbytheAmencanR8dCros＄forHAVandparvovirusB19・ForHIV－1・HBV，and   
HCV，theana研C80n8rtMtyquot8disthatofthe＆SSayRs01fwIthouttakingsamp10d＝utionsorpoo＝ngintoaccount（Schl頑beretal・79）・OperationalsensMv町t＆kesthesediJutionsinto   
accountandroferBtOtheImaX血umquantitythat00uldbepre8entlnthecontamlnatcddonorunlt・ForparvoYlrus，Om血■sacceptancerequirementforapoolof512unitsisEessthan  
lO，000goqpormLandthu＄forop◎ra血na】＄帥S肘叫W8＝S◎dlO．∞0×512（th8numborofun‡binth8minipooり・  
§NAToperatlonalsensltivftywasmu岬iedby700，thoa＄SumedvorumeofthedonaNon・8asodonthenumberofunitsmissedbyN〝rpermi＝ondonationsandapooIsizeof6000L・We   
aBSumethatonIyonBPOSithI8u州wm8nterafr＆Ctlonationpool・ForvCJD，WeaSSumed301Dpermいnacontaminatedu価  
『ForHrVandHCV，theinfectiousroadisconsJderedtobeequh／alenttotheviral10adexpressed11ngeqorcopies，giventhatwearerestrictingconsideratjontotheacutepreseroconversion   
viremicpha8e，Which19knowntobehighlyinfectlous（SeeteXt），andthat8erOPOSitiv8u州S†romotherdonors，WhichmlghtcontajnneutraJizingantibodies，havebeendetect8dbysero・  
10gicscreenin98ndexdudedfrornthemanufactudn9POOl8・ForHBV：We8imilaHyassumehi9h－Ieve＝nfectivityofwlndow－Phasedon8tions35r85butreduc8thistoaratioofllnlO・inpar（・   
bccau＄00fthe眈叫pre8enCeOfanti－HBsAginth8P［舶maP00LWeusedaratioofl：1000forHAVandpaNOVirus・Webefievethi5tObe）ustified8incethenputralizationcapa叫Ofanti－   
HAViswBIlestabl］shed．Wh他theratioofinfectlousunbtog8qforpaⅣOVirusI8Unknown，reSUJtsfromtissuecu）tureinfectlvity＄tudtesindicatethattheratioISl：5000forgenotypeland  
l：260，000for9enOtyP8亭88forproductsdovoidofparvovhsantibody，theIowestlDthathasbeenreportedonhfusionintoaseronegativerecipientis2×104geq，叩andthein†ectivityof   
productscontahingparvovirus且ntibodyhasbeenshowntobereducedconslderably・83g7・抽   



EST［MATING PATHOGENSAFETY  

FibrinogenProcessOuttine  ThrombinProcessOutline  

P00霊edPlasma  P00led Plasma  

iンで棚去声㌧ごこ士＝ぶて、。乞  「≒方．．刊こ髄よ灘ムっとⅩ加夕此㈱鵬長潮畑土詳細ナ：こ弘篇んぷミ   

1％TNBP＋1％TritonX－100  

Hvdrophobicchromatoqraph 

S′D一丁reated，Pur純dFibrin叩n  

60degC，10hrs   

D融帥er／u肘a一肌er  

Formulate  

Sterile何ter   

Nanofiltered，SID－TreatedPurifiedT11rOmbin  

Formutate  

Sterilefilter  

椚g・l・Pw5SOutl星－1eSbrfibrhogellandlhrombin・  

maximumgenomicloadlikelyto be presentir）afrac－  
tionation pool（Thblel，Column7）．This was adjusted  

downwardforHBVI叫andparvovirtlSB19toaccount  
forthereducedinfectivityofviruSthatoccursasaresult  

Ofneutralizingantibodiesderivedfromotherdonorsin  

thepool，SinceandbodyscreenlnglSnOtPerformedfor  

these prevalent agents・No adjust血entWaS aPPlied to  

HlVor HCV sincelater－Stageinfectionswithpotential  
neutralizingantib一）diesareinterdictedbythecurrently  

deployedserologictests．Althoughattemptstotransmit  
VCIDbyhumanplasmahavefai1ed，44epidemi01ogicevi－  
dence supportsits transmission by wbole b】ood and  
bl（）Odcomponents．45L47BasedoIlanimalmodels，itscon－  
Centrationislikely to be qujtelow，eStimated at20to  

30IDs per mL48with the use ofthis estimate，the  
maximum cor）Centrationinthe p】asma poolapproxi－  

mates O・003IDs per mL（3IDs［L）．and the total  
ma裏mumloadina6000－LplasmapooIwi11approximate  
lOヰjIDs（1もblel）．  

CIearancecapacity   

Theclearancecapacity桓pathogensisafunctionofthe  

exteI】t tO Which pathogenis removed during steps  

designedtopurifytheproteinofinterest，theinclusion  
withinthemanufacturlngprOCeSSOfdedicatedviralinac－  
tivationaLndremovalsteps，thepresenceofneuαali2・ing  

antibodyin魚nalproduct，andserendipitousinactivation  

thatoccurs・Theprocessstepsfor免brinogenandthrom¶  

binusedbyOmrixareoutlinedinFig．l．Asistypicalof  

modernplasmaproteinproducts，eaChprocessineludes  
two dedicated，viral elimination steps：負brinogenis  

treatedwithS／D andis pasteurized，alldthrombinis  

treatedwithS／D andispassedthroughapurposefu11v  
designed，virusremovalhlter（SO－Canednano丘Itration）．  

Additional1＄eaChchromatographicstepand丘1trationin  

the presence ofBlter aid can contribute to pathogen  
removal・Baxter’sTisseelis processed simi1arlyexcept，  

When鮎stintroducedin1998，itutilizedvaporheatinga5  
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HOROW］TZANDBUSCH  

TABLE3．Validatedvira（eIjminationwhenprocessingthrombh：Omrixprocess  

bgk‖orremoval  

Vims：  

Modelfor：  

Enve10POdvim＄？：  

H（∨－1 BVDV Sindbis PRV EMCV  CPV  MMV  

川V HCV HCV HBV HAV ParvovinJSB19  ParvovirusB19  
Yes Ybs Y8S Ybs No  No  No  

ND  

ND  

＞4．3†   

ND  

＞5．5  

＞9．8  

Cryo帽mOVa】  
Anion－eXdlan9eChromatography  
S／Dtroatment  
Cation－eXChangechromatography  
Nano印tration  

ND  

ND  

＞5，8  

ND  

＞Jl，4  

Sum：  ＞10，2  
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 ■ Noinfectivityafter5minutes．Trealmentisfo【6hoursforthrombin．  

†NoinfectivityafterlOminutes．thefirsltimepointtaken．  
‡Noinfectiviけafler15minu始S．then椅Itimepointtaken・  
EMCV＝enCePhalomyocarditisvirus：MMV＝mOuSeminutevirus：ND＝nOtdone．  

HIVHCVandHBVexceedthechallengedoseforeachof  

thededicatedviralelimi【latjonsteps（i．e．，S／D，paSteuriza－  

don，nanO丘1tration，andvaporheating）．Consequendy，  
WhenthesamevirushasbeeIミStudiedineachofthetwo  

dedicated steps，thevalidated clearanCefactors exceed  
9log，andwherehigherdosesofviruShavebeenusedor  

morestepsvalidated，elearancefactorsaslargeas18log  
havebeenrepoTted．ThevaljdatedcleaLranCeOfnonenvelT  
Opedvirusesis sigmi伝candylessthan for enveloped  
ViruSeSSinceonlyoneofthetwodedicatedviralelimina－  
tionmethodsis e飴ctiveagainsttheseviruSeS．Parvovト  

ruSeSueaSpedalcasesincetheyareespeciallyheat－  
Stable，and onlylto2log ofanimalparvoviruSeS are  

inactivatedbyeitherpasteurizatioI－OrVaPOrheating・It  
Shouldbenoted，however，thathumanparVOviruS B19  
maybemoreheatvsensitjvethanthemodelsusedhere・49  
Nano丘Itrationissignihcantlymoree鮎c也ve，andOmrix  
hasshownforitsthrombinpreparationthatnanoa）tration  
removesapproximately6logofparvoviruSeS・   

Amorecompleteestimateofsafetymarginneedsto  
takeintoaccountthecontributionoftheotherstepsinthe  
process・thatcontributetosaLetYdespitenotbeingfor－  
mal1yvalidated・Itiscommonlyacceptedthatimmune  
neutralization contributes to HAV and parvovirus B19 
SafbtyandthattheneutraJizationcapacityofantibodiesto   

itssole，dedicated．viruSinactivationstep；S／Dtreatment  

hasbeen addedrecentlyAnotherdi鮎renceis thatits  

thrombin componentisisolated starting withBaxter’s  

activatedprothrombinfactorcomplex－  
TheFDAandotherappkcableregulatoryauthorities  

demand that formalviralinactivation and／or removal  

Studiesbeperformedandthattheseadheretointerna－  
tiona）standardsastheyrelatetotheselectionofvirl鳩eStO  

beused，theconductofthesestudiesunderGoodhbo－  

ratoryPractice訃Iidelinesandthecalculadonsprovided・  

Weneednotreiteratethoseguidelineshere，eXCepttOSay  
thatthemodelvirusesselectedwerechosentorepresent  
multiple viraltypes and，in particular，theviruses of  

COnCemforproductsderived丘omhumanblood・Thus，  

Viraleliminationstudiestypical）yuseHⅣbovineviral  

diarrheaviruStBVDV；mOdelforHCV），pSeudorabiesviruS  

（PRV；mOdelforHBV），HAVoranotherpicorn0viruSSuCh  

asencephalomyocarditisviruS，andcaninepaⅣ0viruS（Or  

ano血ermodelforhumanpam南川sB19）・  

Theresultsfromtheseformalstudiesfbrthe危brino－  

genandthrombincomponentsofOlnrix’sandBaxter’s  

負brinsealantproductsa代glVeninTもbles2and3and  

］五ble4，reSpeCdvely（SeeprOductpackageinserts，with  

updatesfrommanufacturers；SeeAcknowledgments）．The  

Clearancefactor＄forenvelopedviruSeSandthemodelsfor  
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