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ヒトノアルポウイ／レス   
使用上の注意記載状況・  

RHA法によるB19  その他参考事項等  

準定した。102名の  
研  

究  

報  血液を介するウイルス、  

告  
細菌、原虫等の感染  

の 概  

雫   

は高値のBテ‘1．9塞G   
性感染後の血衆ウ   

ルスカ価め勒簡は  

す右ために、   

告企業の意見   今後の対応 

○  今後も引き続き、申パルボケイ′レス思19に関する新たな知見卑び情報  
IgG・Ⅰ如抗体を棄却間ク  

が観察されたが、、自由感染   
819急性感染後申血襲ク 8  

約2年で10町／ホL禾滞ま  

ろ。  
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LETTE札S TO 川E ml日用  

PersistentinfbctionbyhumanparvoviruS  
B19inqual抗edblooddonors   

PersistentparvoviruSB19infectionwithalowviralJoad  

has been reportedinimmunocompromised andin  
immunocompetentindividuals（reviewedinFhrsyanand  
Candottil）・hrge cross－SeCtionalstudies using high］y  

SenSitiveDNAampli点cationmethodshavealsodemon－  

Strated persistent B19infbction12Recently．Lefbre and  
COlleagues3conductedalongitudinalstudyofnonimmu－  
node丘cientpatientswhoweremultitransfused而thred  

blood cellsr demonstratingthat asymptOmatic chronic  
B19inftctionsmaypersistforalongperiod・3TbcharacT  

terizethenaturalcourseofperSistentB19infbctions，We  
COnductedthe followinglongitudinalstudyuSlngan  
in－houseThqManpolymerasechainreactionmethodfQr  
B19DNA and enzymeimmunoassAys to detect819  
immunoglobulinM（IgM）andimrrlumOglobulin′G′ugG；  

DenkaSeiken，Tbkyo．Japan）・Thisstudywasapprovedby  

theethicalCommitteeOftheJapaneseRedCrossOsえka  

BloodCenter．InlapaJl，al1donate匪bloddistestedゐr  
B19 infection widlanin－housereceptorTmedjated  
heTlagglutinationmethod・thatdetectsB19antigenasa  

narker of a highvitemic－Stage Ofin鮎tion（c血0杭  
approx・2・5×1010ru／Ⅰ血B19DNA；！datan？tSh帥n）・  

Usingthismethod，Weidenti＆edlO2caseidfBr9・蛾ぢ－  

tionamong979，052blooddonorsinOsaka心etw占en1997  

and1999・Wbwereabletotesttheplasmオ‘▲去a皿plesof20  

0ftheselO2donors（15male，5fbmale；mean age，  

34・3years）when they returned for subsequent blood  

donadonsforviralloadandB19－SPeCincfgGandrgM・  
Wtdidno［eminethedonorsa（theiffirstvisitbecause  
B19antigen－pOSitivebloodwasautomatical1vdisquali一  
丘edanddisposed・Themeandurationoffouow－uPWaS  
838days（range・10ト1749days）・Theresultsofsequendal  
viralloadtestingforalldonorsareshowninFig・1A．h  

the丘rst6mohthsiWeObservedarapidtleclineinplasma  
B19DNA・ 
becameundetectable・MedianplasmaB19viralloadsfor  

Samples tested、within every6months are shownin  

Fig・1B・Ⅵねanalyzed the B19antibody for alldonors  

duringthestudyperiod（Fig．2A）．For9doilOrS（Donors  

l－9）withbothlgGandIgM．IgMbecameundetectable，  

While fbr90thers（DonorslO－18），OnlyB19－gGwas  
detected，preSumablybecauseB19IgMhadこdecreasedto  

an undetectablelevelbefbre the second visit．The  

remaihing2donors（Donors19and20）hadB191gM－  
detectable untilthelastvigit（at729and743days）・  
Althoughtheinitialpro丘1efb■r 

dj蝕rent pattefns－，OnCe eSt如hshed，B19－SpeCi丘clgG  
perSistedinal12eIdonors・Summariesrfor3represen！ative  

CaSeSCOrIeSPon4ingtoLeaChofrlthesepattemsfbrIgM，  
IgG，andviral′16adIirepreseniedihFig．2B：   

Consist血twidlpreYiousstu鹿sthatsuggestthatB19 1’  

DN＾ma㌢p鱒istfbralふngped嘲inimmuPOCOmpetent  
individuds，3－≦．weobservedperSiさtentB19‡infectionin  

healthナblooddonorsinthepr壷ntlongitudinalstudy：  

Dufing？thefbllow一山ppetiod，nOn66fthe20inftcted】blood  

ddnorsreported・．野mptOmSOfBi亘infbc－  

tion，aJthoughtheyretain¢dhigh1evels  

OfB191gGandldwvira1load．Ourdata  
Sugge！tthatinhealdlyindividuals．the  

B19：plasmavirallbaddeclinestobelow  
101IUpermLinapproximatelylyear  
and 

2years afteトan左cute（highviremia）  

ihfection・ThepatterpsofplasmaB19  

Viralldadobservedindurktudymaybe  
u主e血foriden鴫血g more suitable  
blbod］donorsiflFircumS！aLICeSWhere  
B19NÅrisunavdable．Weencourage  
hrtherstuqjeswithalargersamplesize  
top血1idatethesepreliminaryfindings・  

畠訂u巾i血iMats血ーちBS  

SachikoShibath，MT  
Yb＄鮎hikoi払11i，MD，PhD  
Hiro10ShjShibata．MD，Pht）  

RikaA．FtJru（a，PhD  

e一呼坪皿ぬ＠払叫佗0癖  
力卯ね感知d‘c和∫∫  

0ぶα払βわod（お花㍑r  

O由たα，♪甲d乃   
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dcLEinedastJ．eJirsltc＄lYisitwJICnFN）Sitivcresllltswercol舶intdhr1．19an（i8ell  

（MghviJICtni叩ha＄CL）・（L”Phsmal＝9vlm）loadsbr＆］I〔aSeSt）y6－mOtldlintcrⅦ1s．  
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一5．No申p．Ho伽訂KA血tonenlJけ，ChenR，申舶九ね一也o  
EKXiviluotoO．DavidkinL：lJeivoT，Eis一触bingerA帆  

艶hnbider8，Fi血er叫個l料Ⅳ呵如叫0，Ⅵ血e正人  

S視edund－鴨nemoM，H血肌私闘呼Or血1io：脆l血g  

l｝erSistcnceofmtiantandprotolyPict！rylhrovirusDN∧  

geno血e＄hbum弧虚血e：pr∝NatlA由dS申USA2006； ヽ  

103：7450－3． 
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or＿5bbridemti鮎atiomoiHNAantibodles   

Antibodi毎to hum鱒1eukocyte antigens（HI」随）or  
humannCutrOPhiJantigcns（lINAs）arcrcgardcdtobc  
thep卸dpalcauses、Ofnonhemol匝CtmIISfusionreac一 t，  
do料髄誠軸再適動転極Iated acut打嘩酎坤咄  
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回  年 月 日  2。。 総合機構処理欄  

一般的名称  
InactivationofparvovirusB19  公表国  

duringSTIM－4vaporheat  

研究報告の公表状況  
treatmentofthreecoagula＝on  オーストリア   

factor concentrates 
rノ販売名（企業名）  

8erting，A．etal，Transfusion，  

aheadofprint  
ヒトパルボウイルスB19（B19V）の感染性アツセイが可能となる以前は，モデルウイルスと呼ばれる動物パルボウイルス（例：マウ       使用上の注意記載状況・  

スバルボウイルス）が，血躾タンパクの製造工程におけるウイルス不活化の確認に使用されており，一般的にパルボウイルスは熱不  その他参考事項等  

括化に耐性があると考られていた。しかし，最近の知見より，B19Vは動物パルボウイルスよりも熱に弱いことが明らかになってき       BYレ2008－0320  

研   

究 報                                た。   本文献は，数種の血液凝固因子製剤においてSTIM－4蒸気加熱処理装置を用いた不括化処理を行い，B19Vとモデルウイルスとして用   
dニ l：コ  いられていたマウス微小ウイルス（MMV）間での不活化効果の比較を行っている。   

の  血液凝固因子製剤の中間体の種類に関わらず，試験に用いたB19V（遺伝子1型，2型）はいずれも動物パルボウイルスと比較して，   ST川 
－4蒸気加熱処理工程によって効果的に不括化された（Log減少ファクター，3．5～4．8）。これより，蒸気加熱処理によるB19V  

の効果的な不括化が示唆され，B19Vに対するSTI旭－4蒸気過熱処理を行った血液凝固因子製剤の安全性が高まると考えられた。   

報告企業の意見  今後の対応   

加熱処理によるウイルス不括化の程度は各製剤によって左右さ  
れるため，製剤毎に確認する必要があると考える。  
弊社のポリグロビンNの製造に使用されているプール血紫にお  
いては，B19Vに対するNATを実施し，10E5川／血以上が確認さ  
れた場合は，そのプール血凍を製造工程から除去している。感染  
リスクを完全に排除することはできないが，伝播の可能性は非常  
に低いと考える。  

＠   
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BYL－2008－0320  

HE購OSTASIS  

InactivationofparVOviruSB19duringSTIM－4vaporheat   

treatmentofthreecoagulationfactorconcentrates  

A托d陀“βer血＆應柁∫肋drqfUJr沈eU乃ggr，几加持わおGe∫∫柁er，A乃d柁必打Jo吃Ge油α沼PoeねJer，  

〟乃d刀10〝7αゞ凡伽fJ  

0鮎rtherenhancethesafetymarglnSOfplasma－  

derivedmedicinalproductsagalnStanyreSiduaJ  
viruSSafetyconcems，manufacturershaveconr  

tinuouslysoughttoimplementdedicatedviruS  T  
BACKGROUND：lbenhancetheviralsafetyrnarglnS．  

nano冊rationhasbeenwideIyintegratedintothemanu－  

facturlngPrOCeSSOfp暮asma，derivedmedicinalproducts・  

RemovaJofsmaller．agentssuchasparvovirusB19  
（B19V）byfiItration，however．istypica”ylesseflicient・  

Becauserecentinvestigationshavedemonstratedthat  
B19VmaybemoreheatsensjtivethananimalpaNOVi－  
ruses，thepotentjaJB19Vinacth／ationbyaproprietary  

VaPOrheatingprocedure（STIM－4）asincorporatedinto  

themanufacturingprocessesofseveralnano鮒ered  

COagUlationfactorconcentrateswasinvestigated・  

STUDYDESIGNANDMETHODS：Aninfectivityassay  
basedonquantitativereversetranscriptk〉n－，－PO吋merase  

Chainreaction（TaqMan，AppfiedBiosystems）detection  

OfB19VmRNAafterinoculationofapemissivecettline  
（UT7EpoSIcells）wasusedtojnvestigatethevirus  

inactivationcapacityoftheSTJM－4vaporheattreatment  
asusedduring’themanufactureofnanofilteredsecond－  

generationFactorV‖inhibitor－bypassingactivity  

（FEIBA），F）Xcomplex．andFVllproducts・  

RESULTS：暮ncontrasttoanimalparvovinJSeS，both  

B19Vgenotypesinvestjgated，thatis，1and2，Were  

ShowntobesurprlSlnglye什ectivelylnaCtivatedbythe  

STIM－4vaporheattreatmentprocess，W江hmean10g  

reductionfactorsof3．5to4．8，irrespectiveo＝he  

PrOductintermediatetested．  
CONCLUS10N：ThenewIydernonstratedeffectiveinac－  

tivationofB19Vbyvaporheating，incontrasttothe  
earfierusedanimaIparvoviruses，reSuItsinslgnificant  
B19VsafetymarginsforSTIM－4－treatedcoagulation  

factorconcentrales．  

reductionstepsintothemanufacturlngprOCeSSeSOfthese  
PrOducts．Oncerobusdyestablishedandwidelyavailable，  

nanofi1trationhasfrequendybeenconsideredanoptlOn  
brthispurpose（forreviewseeBumoufandRadosevich））・   

InselectingtheapproprlatepOreSizesoftheseBlters．  

COmmerCial1yavailablebetween15and75nm，adelicate  

balance needs to be struCk between maintainlng an  

approprlateyieldoftherespectiveproductintermedjate  
WhileeffectivelYremOⅥngVimses．EspeCiallyforlarger－  
molecular－Weight proteinpreparations the removalof  
Smal1erviruSeShasthusbeendi魚cult．2unlessvirusanti－  

bodiespresentintheintermediateincreasedtheeffectjve  
fihationsizeofavirusbyformationofviruS－antibody  
COmplexes，3｝or speCi丘c productformulationscontribr  
utedtovirusremovalbyinducingvirusaggregation・5par－  
dc山arlyparvovirusB19（B19V），Currentlytheonlyknown  
parvoviruSaSSOCiatedwithsignl丘cantPathogenicityfor  
humans．canthusof［ennotbeefficientlyremovedfrom  
larger－mOlecular－Weight biologlC entities of medicinal  

importancebydleSeprOCedures．  
B19Vcontaminates human blood orplasma dona－  

tions，atrepOrtedfrequenciesoflin800－5950S・7andlevels  

ABBREVIA’nONS：B19V＝ParVOVirusB19‥FEIBA＝FactorⅥⅠI  

ir山ibitor－bypassingactivity；LRF（S）＝logreductionfactor（S）：  

M山一V＝miceminuteviruS；NF／VH＝nanOfilteredaLndvapor  

heaHreated．  

FromtheGLobalPathogenSafetyandMolecularBiology，Ba幻er  

BioScience，Vienna．Austl‘ia．  

Addressィ呼riJl（TVqueStStO：ThomasRKreu，PhD，Baxter  

BioScience．Benatz・kygasse2－6－A－1Z21Vienna・Austria；e－mai1：  

thornas＿kreil＠ba幻er．com．  

ReceivedforpublicationSeptember24，2007；revision  

receivedNovember19，2007．andaccepledNol杷mber24，2007・  

doi：1（）．1111／j．1537－2995．2008月1662．x  
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BERTING ETAL．  

OfviremiauptolO12genomeequivalents（geq）permL．GB  
Polymerase chainreaction（PCR）testingofthe plasma  

Supplyhasthusbecomestate－0トthe－art，anduseofthe  
technologyhasreducedthemeanB19Vloadofplasma  
rnanufacturlngpOOIsbvmanyordersofmagnitude．Given  
thewideprevalenceofB19Vhowever，Supplyconsider－  
ationshavepreventedeliminatlngthevirusfromplasma  
byPCRtestlng，andthusviruSreductionduringthelnanu－  
facturlngprOCeSSremains dleCriticalsafeguardoffinal  
productsafetyalsointhisinstance．  
BeforeaninfectiⅥtyaSSayforB19Vitselfwasavai］－  
able，animalparv0viruSeS，forexample，pOrCine，murine，  
bovine．etc．，Parv0viruSeS，WereuSedasso－Called“model  
viruSeS”9instudiesvalidatingtheviruSreductioncapaclty  
OfthemanufacturlngprOCeSSeSOfplasmaproteins．Based  
Onthe very highphysicochemicalresistance of these  
animalparv0viruSmOdels，viruSinacdvationprocedures  
incorporatedintotheseprocesseswereconsideredless  

e飴ctiveagalnStparv0viruSeS．10Morerecently，however，  
initialdataobtainedwithanovelinfectivityassayforB19V  
itselfindicatedthattheactualviruSOfconcernforhumans  

ismuchmoreheatsensidvethantheanimalparvoviruSeS  
usedforearliervalidationstudies．＝’t3  

Addingtothecomplexlty．SeVeralmorerecentlydis－  

COVeredhumanparvoviruSeS，forexample，V9I4and＾6，t5  
have now been reclassi丘ed to taxonomical1y represent  
B19VgenotypesratherthandistinctparvoviruSSpeCies．16  
Littleisknown．however，aboutthebiologlCprOpertiesof  

thesenewerB19Ⅵ；，forexample，thesensitivityoftheseto  
hactlVanOn．17   

IndlisstudytheB19Vreductioncapacityofaproprト  
etaryanddedicatedviruSinactivationstepwasinvesti－  
gated，thatis，theSTIM－4vaporheattreatment，indirect  
COmparisontomiceminuteviruS（MMV），anearlierused  

animalparvOViruSmOdel．Theprocedurewasinvestlgated  
withintermediatesofseveraldi鮎rentcoagulationfactor  
COnCentrateSthathadbeenupgradedwithrespecttovirus  
Safety margins byimplementation of nano丘1tration  
duringtheirmanufacture，thatis，Factor（F）ⅥⅠIinhibitor－  

bypasslng aCtivity－nan0Ⅲtered and vapor heat treated  

（FETBANF／VH），FIXcomplexNF／VH，andFⅥINF／VH．  

MATERlALS AND METHODS 

Viruses，Ce］Is，andinfectivityassay  

Asa source ofB19V high1yviremic plasma donations  
（990237，Genotypel．11．8loggeq／mLIM8l．Genotype2，  
11・4loglUlmL）asidentified bythe routine plasma  
SCreenlngPrO〔edureofBa幻erBiosciencewereused．B19V  
WeretitratedonUT7EpoSIcells（providedbyDrKbvinE．  
Brown，Virus Reference Department，CenterforInfec－  
tions，Health Protection Agency．LDndon，UK；With  
permissionfrom DrKazuo Sugamura，Department of  
Microbiology andImmunology，Tbhoku University，  
GraduateSchoolofMedicine．Tbhoku，1apan），eSSentially  

2 TRANSf＝US（ON Volume＊＊，＋＊2008  

asearlierdescribed．用Briefly．mRNAofilュfectedcellswas  
isolatedandquami丘edbyreversetranscrlPtlOn（RT）－PCR  
withthefollowlngprOCedure．Initial1yseria］10－folddilu－  

tionsOfB19VsamplesofknownPCRtiterwereincubated  
withUT－7ce11s，andtheB19VmRNAanalyzedbyRT－PCR．  
Aregressionlineofthesamples’knownPCRtitersversus  
thenumberofRTIPCRcyclesrequiredtoobtainapositive  
Signalforthesamesamplewasdlenplottedtoforma  
Calibradoncurve．Withthiscalibrationcurve，dlePCRtiter  

Ofanyunknownsamplewasback－Calculated from the  
mRNA RT－PCR titer obtained afterincubation with  

SuSCeptible ce11s．Typical1y，SeVerallO－fo1d dilutions of  
unknownsampleswere analyzedbyRT－PCR，tO enSure  
thatone orseveraloftheresultswouldlieonthelinear  

partofthらcalibrationcurve．Whenevermorethanone  
resultfittedontothecalibrationcurve，meanSWereCalcu－  

1atedforthePCRtiter．Thelimitofdetecdonwas3．7log  
perml．，18andstandarderrorsofmeansformuldplemea－  
SurementSW9realwaysnotmorethanO．5log．  

MMV strainprototype（ÅTCC VR－1346，American  

TypeCultureCo11ecdon，Rockville．MD）waspropagated  
andtitratedonA9ce11s（ATCCCCL－1．4）．Samplescontain－  
ingMMVweretitratedbyTCTD50aSSay，thatis．eightfo1d  
replicatesofserialhalf－logsampleddutionswereincuL  
batedwithceusfor7daysbeforeevaluationforacyto－  

pathic e蝕ct．MMV concentrations were calculated  
accordingtothePoissondistributionandexpressedaslog  

TCID50permL．  

RT－PCR  

FordetecdonofB19VGenotypel，primerssetsfortwo  
mRNAsplicingvariants（Splicingatnucleotide19100r  
2030，AccessionNumberM13178）9）wereused（PA30rm4，  

respectively）：PA3－primers PA3F（positions365－386）．  

PA3R（positionsi957－1978），andthe mlOreSCentprObe  

PA3P（5’－6－FAM－TTmTGAGCmCMAGATGCCCTCC  
ACCCAGAC－TAMRA－3つ；and PA4－primers PA4F（posi－  

tions367－389），PA4R（2080－2102），and thefluorescent  

PrObe PA4P（5′－6－ⅥC－TGAGCmACTAACAGGCGCCTGG  

AACA－mMRA－3’）．  

FordetectionofB19VGenotype2（AccessionNumber  
Ay903437）7），theprimersetG2wasused，G2－F（positions  

369－391）．G2－R（POSitions1962－1983），andthefluorescent  

probeG2－P（5′－6－FAM－TTrGCCTGC耶仏TmACAGATGCC  

CTCCACCCAGAC－3′）．  

Downscaledmanufacturingproce＄SeSforpIasma  
derivative＄  

Downscaled versions of the manufacturlng prOCeSSeS  
examinedwereestablishedandtheequivalenceofcritical  
product a几d process parameters to the respective  
manufacturlng－SCaleprocessesestablished・1もmperature  
isacriticalprocessmeasurefbrvirusinacdvationandwas   
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thereforemonitoredthroughoutall′theprocessesinvesti－  
gated. Starting materials were process intermediates 
Obtainedfr01n the manufactunng scale，Which were  
SpikedlinlOwithviruSStOCksuspensions．Immediately  
af［erspiking，SamPlesweredrawnandtitratedtoconfirm  
the amountofviruS added・Furthersamples were col－  
lected and titratedatpredeterminedpolntSthroughout  
andattheendoftheinactivationprocesses．MMV－Spiked  
SamplesweredirectlytjtratedonA9ce11s．whereasB19V－  
SPiked samples were titrated on UT7cells fbllowed by  

mRNAisolationasdescribedearlier．18speCi負cunspiked  
processintermediateswereobtainedfromcontrolproce－  

duresand testedfortheirpotentialcytotoxicityforthe  
indicatorcelllineandfortheirpotentialinterferencewith  
thedetecdonoflowvirustiters．ViruSreductionfactorsfor  

themanuhctunngprocessesexaminedwerecalculatedin  

accordance with Committee for Proprietary Medicinal  
Productsguidance．9  

Duringtheirmanufacture，theinvestlgatedproducts  
（a11fromBaxter BioScience，Zurich，Switzerland）．thatis．  

FEIBANIミFⅨcomplexNF（PPKNF），OrtOgetherwithFⅥI  

NF（prothrombincomplexNI弓PKTNF），areSubjectedto  

the STIM－4vapor heating process・Specifically，alyo－  
phiJi2edintermediateof7to8percentresiduallnOisttlreis  
heattreatedforaminimumof500minutesat60±0．50C，  

fb1lowedbyheatingto80±0．50C，andthenheatingat  
80±0．5OC for60minutes．The downscajed versions of  

theseprocesses were performed at thelowerlimits of  
thesetemperatureandincubationtimespecificationsor  
just 

process・Tb provide further assurance regarding the  

robustness ofthevirusinactivationbytheseprocesses，  
SeparaterunS Were performed at theupper andlower  

limits of the residualmoisture content speci丘ed for  
manufacture；Or runS Were performed within these  
SpeCifications．   

Defermination ofthe residualmoisture was perr  
formedbytheKarlFischermethodfornon－virus－Spiked  
COrltrO】samples．The residualmoisture content for all  

Salnples・includingthosecontainlngviruS，WaSCOn丘rmed  
by NtRⅥS speCtrOSCOpy（System NIRⅥS，BiichiLtd，  
Flawil，Switzerland）．   

Productintermediatesof14・4to33gperLprotein  
COnCentration，5to6gper L sajt concentratjon，and  

pH7・Oto8・OwerespikedwithviruS，1yophdized，andthen  
heat－treatedaccordingtotheproceduredescribedabove．  
SpeCificproductmeasures，e．g・，FEIBA（clottlngaSSay），FII  

activity（ClottlngaSSay），FXactivitY（Chromogenicassay）、  

FⅥIactivity（chromogenic assay）．FⅨactivity（Chro－  

mogenic assay），and protein concentration were deter－  

mirledわrthedownscaleintermediatebeforeandafterthe  
VapOrheatlngprOCeSS・Theresultswerecomparedwith  
therespectivevaluesforintermediatesfromthemanufac－  
turingscaJetoconfirmequjvalenceofthedi蝕rentscale  
prOCeSSeS・  

RESULTS  

VaporheatingofFEIBANFNH  
FEIBAintermediatewasspikedwitheitherB19VorMMV  
fordovmscajedvaporheatingexperiments．ForB19Vtwo’  
di鮎rentprimersets（PA3，PA4）spec娩cauydesigned to  
detecttwodiHerentB19VVPl／VP2splicingvariants20were  
usedfbrRT・PCRanalysis（ThqMan，AppliedBiosystems．  
FosterCity，CA）．   

Ascanbeseeninrrhblel－Significantinactivationof  
B19Vwasobservedalreadyafterthe600Cheatlngphaseof  
山e process（experimental1y conducted at59．5±0・50C．  

i・e・，WOrStCaSeWithrespect toviruSinactjvation）with  

individua1logreductionfactors（LRFs）of3．9to4．5・At  

COmPletion of山e80OC heatlng phase ofthe process  

－rABLEl・lnactivationkineticsofMMVandB19Vduringfreeze－dryingfo‖owedbyvaporheatingofFEIBANFNH  
intermediates★  prOCe＄S   

Percenlresidualmoisturecontent：  7  

¶tra而Onl  lltration2  ¶t†ation3  

PrimerpaIrS：  PA3  PA4  PA3  PA4  PA3  PA4  

Virusstocksuspension  
Spikedprocessintermediate§  
Spikedandlyoph他edintermediate  
Heatedat59＿50Cニ0．50C，180ニヒ5min  
Heatedat59．50C＝Ot50C．505＝5min  
Reductionfactor（after60OCphase）  
Heatedat79．50C±0．5GC．55二5min§  
Reduction factor  
Mean reduction factor 
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＊Forthedetectionofsp［icedB19VmRNAtwod漸erentpnmersets．i・e■，PA3andPA4，Wereused・  
†MMVtitersareexpressedas［rog汀CID5。／mL）］．  
‡B19Vtitersareexpressedas（［oggeq（mu．  
§Titersalthissampli＝gStageWereUSedtocaJculatethevirusreduct血factoraftertheentireheatingphases．  
ND＝nOtdetermined．  

Votume－＊／★2008 TRANSFUSION 3  

89   



BERT］NG ETAL  

（experimental1y conducted at 79・5±0・50C），SOme  
residualB19Vinfectivity was stilldetectable，aldlOugh  
LRFsof4．6to5．1wereobtained．widlameanLRFof4．8．  
BecauseuseofprimersetsPA3andPA4resultedinfunv  
equivalentresults，9nlyoneoftheprimersets（PA3）was  
usedforthe detection of B19V Genotype11nRNAin  
furtherexperimentsL   
IncontrasttotheeffectiveinactivationofB19Vbythe  
VapOrheatingprocess．theinactivationobservedforthe  
animalparvovirusMMVwasinsign摘cant．withamean  
LRFofO．9．  

MMVagalninsharpcontrasttothee馳ctiveinacti－  
VationofB19VbythevaporheatlngprOCeSS・WaSnOtSlg－  
nihcandvinactivatedevenattheendoftheentireheating  
process，withameanLRFofO．9．AsseenwithB19Vbefore，  
therewereagalnnOdifferencesbetweenMMVinactiva－  
tionresultsforindividualheatingrunsconductedat7and  
8percentresidualmoisture．  

VaporheatingofFV”NFNH  

FIXcomplexandⅣⅠIareseparatelyproducedandare  
individualproducts．Bothcomponentscan，however．also  
becombinedtotheprothrombincomplextotalproduct・  
BecauseFⅥIisthesecondcomponentofprothrombin  
COmplextotal，theB19VandMMVinacdvationbySTIM－4  
VaPOrheatingwasalsoinvestigated．   
Attheendoftheentireheatingphase．e庁ectiveinac－  

tivationofB19Vwasobserved，withameanLRFofgreater  

than4．0（Tもble3）．Also，SubstantialinactivationofB19V  

WaSfbundalreadyafterthe600Cheatingphase（investiT  

gatedat59．5±0．50C）oftheprocess（LRFsof4．Oand4．5），  
COnfirming earlier負ndings for the other prothrombin  

COmplextotalcompound・Againinsharpcontrasttoeffec－  
tiveB19Vinacdvation，the parvoviruSmOdelMMVwas  
inactivatedonlvineffectively，withameanLRFofl・7・  

STIM－4inactivationofB19VGenotypelver＄u  
Genotype2：FE旧A，forexample  

Tbunderstandanypotentiallydi蝕rentthermosensitivity  
Ofthe recendy classified B19VGenotype2．versus the  
earlierinvestigatedB19VGenotypel，FEIBAintermediate  
WaS nOWSpiked withB19VGenotype2and treated as  
describedearlier（See“ⅥlpOrheatingofFEIBANF／VH’’）・  

mRNAsisolated after culture with UTL7celIs were ana－  

1yzedbyThqManRT，PCRwitheither，aSbefore，Geno－  
typelprilnerSetS（PA3），OrnOWalsospeci負cGenotype2  
（G2）primersets．  

Vaporhea厄ngofFIXcomplexNFNH  
TbinvestlgatethevaporheatingprocessofFⅨcomplex・  
therespectiveintermediatewasspikedwitheitherB19V  
Or MMV Because residualmoisture during the vapor  
heatingprocessmightbeconsideredacriticalparameter  
forthee飴ctivenessofviruSinactjvation，SeparateVapOr  

heatingrunswereperformedattheupperandlowerlimit  
Ofthespec漬edresidualmoisturecontentofthemanuねc－  
turingprocess，thatis，7and8percent（Wt／wt），tOinvesti－  
gatetherobustnessofvhsinactivationbytheprocess・  
ForB19V－SpikedrunS，SOmereSidualinfectivitywassti11  
detectedaftertheentjreheatingprocess，buttheresults  
Obtaineddemonstratecomparablereductionfactorsfor  
runS ateither70r8percentresiduaJmoisturecontent  
withameanLRFof4．6（1もb】e2）．Asubstantialinactivation  

OfB19Vwasobservedalreadyaf【erthe600Cheatingphase  
Oftheprocess（investigated at59．5±0．50C）withindi－  
vidua］LRFsof3．7to4．2．Asthereductionfactorsobtained  

betweentheindividualtitrations at7and8percent  
residllalmoisture content were comparable，COnSe－  
quently，the followingvapor heatingexperiments were  

performedatbetween7aLnd8percentresidualmoisture  
？Ontent．thatis，withinthespeciGcationsofthelarge－SCale  
prOCeSS・  

TABLE2．1nactivationkinetic＄OfMMVandB19Vduringfreeze－dryingfo”owedbyvaporheatingofFIXLCOmPlex  
NFIVHintermediate  

7  8  Percentresiduatmoisturecontent：  7  8  

Titration 1 Titration2  11trationl  Titration 2 

ND  ND  ND  ND  Virusstocksuspension：  
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Spikedpr∝eSSintermediatet  
Spikedand吋OPhiJizedintermediate  
H◎atedat59．5CC±0．50C，495＝5min  
Reductionfactor（a托er600Cphase）  
Heatedat79．50CrfO．50C．55±5min＋  
Reduction factor 
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＊ MMVtitersareexpressed・aSI10g（TC［D5JmL）】．  
†B19Vtitersareexpressedas（Joggeq／mり．  
‡¶tersatthissampJingstagewereu＄edtocaIcufatethev行usreductimfactora什ertheentireheatingphases・  
ND＝nOtdetermined 
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TABLE3・lnactivationkineticsofMMVandB19Vduringfreeze－dryingfol10WedbyvaporheatingofFV”  
NF／VHintermediate  

Percentresidualmoisturecontent：  7  8  

Run 1 Run 2 

¶t（ationl  lltration2  Tltrationl  Titralion2  

Virusstocksuspension：  12．3  ND  ND  ND  

Spiked process intermediateS 
Spikedandlyophilizedintermediate  
Hea鱒dat59，50C±0．50C，525j：5rnin  

Reductiα1factor（afteT600Cphase）  
Heatedat79，5CC三0．5CC，55三5min‡  

Reductionfactor  
Mean reduction factor  
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★ MMVtitersareexpressedas【log（TCID50／mL）】．  
†619VtitersareexpressedastloggenomeequivaJents／mL】・ l  
‡Tltersatthissarnpl（ngStageWereUSed10CaJcu（atetJleVirusreductionfactor．  
§Thesesamplesweretestedp6itive；atitercould，however．notbecak：UIated．becausethePCRcyc暮enumbersnecessarytoobtaina   
POSitjvefFuorescenceslgnaJwereoutsidetherangecoveredbythemeanregressionline・  
ND＝nOtdetermined．  

Childhooddisease（創廿1disease），mOrereCentlythevimsis  
appreciatedasthecausativeagentofmoreseverediseases  

SuChas．forexample，hydropsfetalis，Z2arthrit3s，23hepati－  
tis．22 and possibly a signi丘cant numberofmyocarditis  
cases．24   

TheintroductionofB19VPCRtestlngOfplasmafor  
fractionation，aSinitial1y de丘ned under the Plasma  
ProteinTherapeuticsAssociation’svoluntarystandards，25  
has reducedplasmapoolloads oftheviruSbyseveral  
ordersofmagnitude26andcorrespondinglyenhancedthe  
B19Vsafetymargins ofpIasmaproducts．Insupportof  
the notion，Wh辻e episodes ofB19Vtransmissions have  

historical1y occurred，27 such reports have not been  
receivedfbrtheimpJicatedproductsaftertheintroduc一  
也on of B19V PCR testing・Thereis，however．stil】a  
residualconcernaroundthepotentialB19Vcontamina一  
山onofplasma・  

The丘nalsafeguardofproductsafety．thatis，thevirus  
reductionthatoccursduringthemanufhcturlngPrOCeSS．  
hasthusbeenofparticularinterest，alsowithrespectto  
B19VUnfortunatelythough，thelackofawidelyavauable  
B19Vinfectivityassayhas氏〉rCedstudies aimedatvali－  
dating the B19V reduction capacity of nlanufacturing 
PrOCeSSeStObeconductedwithanimalparvoviruSeSaS  
“modelviruses．’’WheretheseviruSeSareparticularlyresis－  

tanttophysicochemicalinactivation，theresultsobtained  
WereOf［enlessreassurlng．  

Therewasconsequendysigni丘cantinterestinasuiト  
ableB19VassaytoinvestigatetheviruSOfconcernitsdf・  
anddevelopmentehrtswerelatelyrewarded・Initialuse  
OfthenewlyavaiJabJeapproadleSreVealedthatB19Vitself  
wassigni丘cantlymoresusceptibletoinactivationby，for  
example，paSteurization，‖1owpH，28anddryheat・13than  
theearlierusedanilnalparv0viruSrnOdels・AIso，however・  
researchconductedwiththeseassayshasindicatedthat  
B19Vhasuniquepropertiesintermsofheatsensitivity  
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TABしE4．B19VGenotype2inaetivationbyvapor  
heattreatmentduringthemanufactureof  

FEIBANF／VH★  

B19V GT 2 Percent residual 

moisturecontent：  

Runl Run2  Runl Run2  

PA3   PA3    G2  G2  

Reductjonfacto叶  ＞3  4  ＞3  ＞4  

Mean reduction factor  3．5  

● TheTbqManRT－PCRwaspeけormedwithe柑1erGenotypel  
（PA3トOrGenotype2（G2）一SPeCificprimersets．  
†Reductionfactordetermjneda什ertheentirevaporheatjng   
PrOCedure・The900dness－Of－fitvaluesof廿1eStandardregres－   
Sionlineswerelessthanoptimal（eSUItinginahighstandard   
deviationatlowervirustiters．Therefore，reductionfactors   
We（edeterminedbythedifferenceinintegeriogsamplediEu－   
tionsbetweenthespikedintermediateandthesampIeafter   
COrnPletionofvaporheatjng，  

Ascan be seenluSe Ofboththe two prlmerSetS  
（PA3／PA4）designedfortwoGenotypelsplicingvariants  
revealedhighlycomparableresults（lもblel）．Inaddition  

insigniBcantdifferencesberween B19VGenotypeland  
Genotype20CCurred，Wjthbo山viruSeSeffectivelyinacti－  

VatedbytheSTrM－4vaporheatmgprocess（Tablesland  
4）・Specifically，herebrB19VGenotype2．efrectiveinacti－  
Vationwasobservedattheendoftheheatingprocess．  
Withca】culatedLRFsbetweengreater山an3andgreater  
than4，thatis，ameanLRFof3．5．UsingtheGenotypel  
（PA3）－Or山eGenotype2（GZ）－SpeCi丘cprimersets，highly  

COmparableinactivationresultswereobtained．  

DISCUSSJON  

Sinceitsdiscoveryln1975，2）B19Vhasbeenassociated  
Withanever－broadeningpanelofdiseases．Whileinitially  
OnlyknoⅥ汀IaS thecausativeagentofaneryhematous  
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VapOrheattreatmentprocessstepdescribed．Theresults  
demonstfatethat bothB19Vgenotypes areinactivated  
WithcomparablemeanLRFsof4．8and3．5（Thblesland  
4）．ThesedataindicatethatB19VGenotypeland2par－  
dcleshaveverYSimilarphysicochemicalpropertiesand  
thusdataobtainedinstudieswithGenotypelshouldalso  
beindicativeforGenoqTPe2behavior．Thisargumentis  
Strengthened by very recentfindings that anti－B19V－  

posidveplasmasamplesorintravenousimmuneglobulin  
productwere able to neutralize B19VGenotypeland  
Genotype2・柑Furthermore－StudiesbyEkmanand coト  
1eagues33suggestthatal1threeB19VgenotypeSareSimilar  
variants of the same species and constitute a single 
SerOtyPe・NotsurprlSinginthiscontex【，thepathogenic  
potentialofdifferentB19Vgenotypesalso seemstobe  
COmparable．‖  

AltogethertheresultsofthisstudydelnOnStratethat  

theSTIM－4vaporheattreatmentisahigh】ye馳ctiveand  
robustviruSinactivationstepfortherelevantparv0virus  

B19▲both GenoqTPeland GenotyPe2．SpeciBcal1y，the  
STIM－4 vapor heat treatment process substantial1y  
COntributestothesafetymarglnSOftheplasmaTderived  
PrOductsFEIBANF／VH，FⅨcomplexNF／VH，andFⅥt  

NF／VH．Assuggestedbyarecentarticle，29however，the  
inactivationcapacityofheattreatmentmaysign摘candy  
dependonthespeci丘cmatrixinvestlgated，andthusB19V  
inactivation needs to be confirmed for every specific 
productandprocessindjvidually：  

anditsinactivationisparticularlydependentonthecom－  
positionofthematricesduring（1iquid）heating・29   

ThepropnetarySTIM－4vaporheatingprocessisa  
heattreatmentstepcorlductedat）yophnizedproductof7  
to8percentresidualmoisturethathasbeenincorporated  
inthemanufacturingprocessofseveralcoagulationhctor  
concentrates，inadditiontoa35TnmnanOmtrationstep  
fbrFEIBANF／VH，FⅨcomplexNF／VH，andFuINF／VH・  

Here we describethe efBcientinactivation of B19Vin  

markedcontrasttoananimalparvoviruSmOdel，thatis，  
MMVbythisvaporheattreatment．  
The results ofthetwo－phasevaporheattreatment  
demonstratethat B19Vise鮎ctivelyinactivatedbythis  
processstep，WhereasMMVisonlymarginal1yreduced・By  
useofboth thetwoprlmerSetS（PA3／m4）designedto  
detecttwoGenotypelVPl／VP2splicingvariantshigh1y  
COmParable results were obtained（Thblel），indicating  
thatthesplicingvariantsininfbcted UT7－Epo SIcells  
occurinrathersimdarconcentrations．  

AftertheentireheatingprocessforB19VGenotypel  

meanlogreductionfactors・t）f4．8，4．6，andmorethan4・O  
Were Obtainedwith highly comparable results fbrthe  
panelofcoagulation hctorintermediatesinvestigated，  
thatis，FEIBA．FⅨcomplexand FⅥⅠ（See Thblesト3）．  
These負ndings supportthe robustness ofthe STIM－4  
VapOrheattreatmentininactivatingB19VMoreover，the  
Significantinactivation of B19Valready afterthe hrst  
heatingphaseat600CfordleCOagulationfactorsinvestiT  
gated（See Thblesl－3）providesfurther reassurance・In  

addition．varyingtheresidualmoisturecontentduringthe  
heattreatment，thatis，tOthelower〔7％）andtheupper  

limit（8％）speci缶ed fbrthemanufacturingprocess，Still  

resultedin high1y comparableinactivation of B19V  
（取ble2）．  

The discovery of additional human erythrovirus  
genotypes，thatis，Genotypesl，2，and3，16andalsonovel  
parvoviruSeS，3031has raised new ques也ons about their  
biologlCprOperties．theirpathogenicpotentialandalso  
theirrelevancetotheviralsafetyofplasma－derivedprod－  
ucts．B19VGenotype2hasbeendetectedinhumanblood  
athightiters．andrecentlythisgenotypehasalsobeen  
foundinafbwlotsofplasma－derivedcoagulationfactor  

COnCentrateS；a1lofthem，however，WereCOCOntaminated  

With GenotypelDNA．32Thesefindingsindicatethat  
Genotype2hasestablishedamoderateprevalenceinthe  
POpulation and therefbreinvestlgations regardingthe  
inactivationofthisB19VgenotypemayalsobedesiJable・  
Recentstudiesthatinvestigatedtheinactivadoncapacity  
Ofliquid heatlng andlow pH17incubation for B19V  
GenotypeSland2inparallelsuggestedcomparablein－  
activationcapacityandkineticsandthusmaybealsocom－  

Parablephysicochemicalpropertiesfo‘rthevirusparticles  
Ofbothgenotypes．．7   

Inthis’report，thephysicochemicalstabilityofviruS  
particlesofGenotypeland2werecomparedduringthe  
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