
B19TRANSMJSS10NBYAHF  

50mmolperLKCl・1・5mmolperLMgClヱ′0・001percent  
（Wt／vol）gelatin．1・25unitsAmpliThq DNA polymeraSe  

（AppliedBiosystems，FosterCity，CA），100叶mOlperLof  

eachdNTRandO．2匹mOlperLofeachofthefirst－Setprim－  

ers．Onemicroliterofthe丘rstampli丘cationproductwas  

transferredinto a＄eCOnd50一汁L ampli伝cation mixture  

COntainlngthesameCOnStituentsasthefirstexceptthat  
O．2l⊥mOlperLofeachofthe second－SetPrlmerS WaS  

present．NestedprimersequencesderivedfromtheVPl／  
VP2reg10nOftheB19－Augenome2）wereused・TheGrsト  
Set PrlmerS Were 5’－CTnAGG¶mGCCAACTGG－3′  
（nucleotides 2905－2924）and 5’－CCTrAWGGTGC  

TCTGGG－3′（nllCleotides3290－3271），Whereasthesecond－  

Set PrlmerS Were 5′－CATTGGACTGTÅGCAGATGA－3′  

（mucleotides 295l－2970）and 5’－GCTTrrGACAm  

CTGC－3’（nucleotides3193・3174）．Ampli丘ca也onwaspeト  

fbrmedinathermocycler（Mode19600．PerkinElmer，Fos－  
terCity，CA）withthefollowingsettings：hrthefirst－rOund  
ampli丘cation，aninitia］heatingat94OCfbr3minuteswas  
fouowedby30cyclesof940Cfor30seconds，55OCfor  
30seconds，and720C fbr90seconds；forthe second  

ampli丘cation．30cyclesof94OCfor15seconds，550Cfor  
30seconds．and72QCfbr50secondswereperformed．A  
丘nalamPlificationproductof243bpwasthenanalyzed  
byelectrophoresisonl・8percentagarosegelandvisual－  
izedbyethidiumbromidestaiming・   
ForsampleextractionandB19NATlboththeWHO  
InternaIionalStandard（NIBSC99／800，106IU of B19  
DNAImLwhenreconstituted）andtheCBERstandardfbr  
B19DNA（1061U／mL）wereusedascontroIs・19Bothwere  

dilutedlO3－fold before use．The amount of B19DNA  

expressed as geqwas determinedbylimitlng dilution  
analysis・ForO・1mLofserumorplasma・thesensitivityof  
theNATwas40geqpermL；fbrO・2mLofAHIミitwas20  
geqpermL・BothstandardswerefoundtocontainlO6geq  
PermLbyourNÅrprocedureandhencetheconversion  
ratio fromIU to geqisl‥1，ratherthanl‥0・6tol：0・8  

0btainedinacollaborativestudy・19  

CPli・Foreachofthesamples，aSWellasthetwoNÅTcon－  
troIs（WHOandCBERB19standards），threetosixclones  

Were grOV乃Iand puri鮎d byuse of a spinminlprep  
（qIAPrep，qiagen），   

Theinsertsweresequencedonasequencer（Mode1  
310，AppliedBiosystems）withacyclesequencingkitcon，  

tainingahigh・fidelityDNApolymeraSe（BigDyelもrmina－  

tor，AppliedBiosystems）witho．5pgofplasmidDNAand  

auniversalM13reverseprlmeraCCOrdingtothemanufac－  
turer七speci鮎dprocedure－Cloningwasnotperformedon  

theplasmapooIsamplethatcontainedhighlevelsofB19  
DNAtlnstead．theamplifiedproductsderivedEromthe  
POOIsamPle，aSWellasfrombothB19NATstandards，Were  

SequenCed directlyr The sequenclng primers were the  
SameaSthoseusedfortheseminestedNATprocedure・  
SequencealignmentsoftheN－terminaluniqueVPlregion  
COrreSpOndedtonucleotides2444through2666（nucle－  

OtidenumberingbasedonthepublishedAnsequence之1）．  

andphylogeneticanalysiswasperformedbywithacomT  
puterprogram（DNASTAR，DNASTAR．IncリMadison．Wl）．  

取eeswere％eneratedbyuseofaneighbor－joinlngalgo－  

rithmin comparisorL tO12published B19sequences  
adopted鉦omGenBank．  

ÅntトB19detection  

Amti－B19IgMandIgGantibodiesweredetectedbyuseof  
B191gMandIgGenzymeimmunoassaykits（BiotrinInter－  
nationalLtd，Dublin，Ireland）accordingtothemanufac－  
turer’sprotocoIs▲ForserumOrPlasmaspecimens，10・PL  
aliquotswereusedasinstruCted．whereasforAHRalOO－  
P．Laliquotwasused．  

RESULTS   

The4・Weekpostinfusionserumsamplefromthepatient  

WaSfoundtobepositi¢eforthepresenceofanti・B19（both  
IgMandIgG）andB19DNA．whereastheserumSample  
COllectedbeforetheinfusionoftheimplicatedAHFlots  
WaSnegativeforboth（’hblel）．Theviremiclevelinthe4－  
WeekspecimenwaslO3geqpermL（equivalenttolO31U／  
mL）asdetermiiledbylimitingdilutionanalysiswithour  
nestedNATmethod．0nlyAHFlotAhaddetectableB19  
DNA，thatis．13×103geqpermL（Or6．5×1031U／vialof  
AHF）．Amti－B19IgG was not detectedinthe product・  
Hence，thepatientreceivedatotalof2xlO4geq（orlU）of  
B19DNAwithnoantトB19IgGassociatedwiththeAHF  
product・Severalplasma pooIs from whichlotA w  
derivedweresubsequentlytestedandal1butonecon－  
tainedlessthan104geqpermLB19DNA（datanotshovm）・  
ThatplasmapDOIcontainedlO7geqpermLofB19DNA  
and was positive for the presence ofanti－B19IgG，aS  

expectedforanygivenlargeplasmapool・  
Tbinvestigatethe casefurther，DNAsequencingof  
theC－terminalNS－1reglOnandtheunlqueVPlreglOnWaS  
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Cloning，SequenCing，andphylogeneticanalysIS  

TheextractedDNAsampleswereampli丘edwithasemin－  
estedB19NATprocedureforDNAsequencingrBothanti－  
senseprlmerS，OtherNATconstituents・andconditions  
weresimilaJtOthosedescribedaboveforthenestedB19  
NATprocedureexceptthatanewsenseprlmerderived  
fromtheC－terminalNSlreglOn，thatisr5’一GTGCmCCT  
GTCTGGArrG（nucleotides2408－2427），WaSuSedforboth  
roundsofampuficationsothattheC－terminalNSlreglOn  
andtheumiqueVPlreglOnWOuld beincludedinthe  
ampli丘edproduct・ThefinalampliAedproduct・786bp7  
waspuritiedbyapolymeraSeChainreaction（pCR）puriB－  
cationkit（Q仏Quick，Qiagen．Hilden．Germany）．intro－  
ducedintothepCR2・1－TOPOvector（lnvitrogen・Carlsbad・  

CA），andsubsequentlywasusedtotranSform  
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performed．The uniqueVPIsequences obtained from  
ClonesderivedfromtherecipientandtheimplicatedAHF  
productwerecomparedtoclonesderivedfiomtheWHO  
andCBERB19DNAstandards．directsequencesobtained  
h〕mthehigh－titerplasmapoolforlotA，thetwoB19DNA  

DISCUSS10N   

AdverseeventreportsareroutinelyreceivedbytheFDA  
（oftenthroughtheMedWatchsystem）．andeveryeffort  

is made to follow－up rePOrtS Of disease tranSmission  
byFDA－regulatedproducts・Unfortunately，inthecaseof  

putativeinfectivity；preinfusionsamplesoftherecipients．  

Serum Samples are rarelYaVaiiable；hence causalityis  
difficulttoassess・1nthecaseinvestigatedinthisstudy，a  
preinfusion specimen obtained immediately before 
administrationoftheimplicatedproductwasunlquely  
avai1ableforanalysis・  

The reclpient’s seroconversion to B19－SpeCificIgM  

andIgG antibodies，and the appea∫anCe OfB19DNA，  

OCCurredinthesametimeassymptOmSCOnSistentwith  
acuteB19infection・lThelowviremiclevel，103geqpermL．  
foundinthepatient’s4－Weekpostinfusionspecimenwas  
consistent withlevels found after seroconversion．丁  

Althoughserumsamplesofotherpatientswhoreceived  
theimpucatedlotsatthesamehospitalwerenotavai1able．  
itisreasonabletoassumethattheyhadseroconvertedat  
SOmetimeinthepastbecausetheywereallfrequentusers  
OfAHFproducts．EvidentlylaSareSultoftheprotection  
affbrdedbytheircirculatingantibodies，theydidnotexpe－  

rienceanyB19－aSSOCiatedsymptOmS．  

B19DNAhasbeenknoⅥltObeprevalentinplasma・  

derivedAHFproductswithdocumentedlevelsashighas  
lO？geqpermLofreconstitutedproduct・9・11Inourstudy■  
thelevelofB19DNAfoundintheimplicatedA11Fproduct  
（lotA）wasl．3×103geqpermL，Whichisnearthemean  
levelofB19DNAhi＄tOrical1yfoumdinUS－1icensedAHF  
PrOductsderivedfromplasmaunscreenedbyB19NA工23  
Asexpected．thelevelofB19DNAfoundintheplasma  
pooほomwhichlotAwasderivedwasmuchhigher，that  
is，107geqpermL，althoughlevelsofatleastlO8geqper  
rnLhavebeenreported▲11  
B19isasmal1nonenvelopedviruSknovmtowith－  
StandthecommonlyusedviruCidalmethod∴orplasma  

derivatives．suchasS／D andheattreatments，although  

recentfindings24・25suggestthatB19couldbesuscep也b）e  
toinactivation when heatedin certainliquid media．  
Hence，theclearanceofB19forplasmaderivativesrelies  
mainlyonremoval，ratherthaninactivation，StepS，SuCh  

as chromatographyornan0filtrationI26thelatterbeing  
effectiveonlywhensmallpore－Sizemembranesareusedl  
AlthoughthepurificationproceduresfortheAHF－impli，  
catedproductincludeanimmunoaf丘nity－Chromatogra－  
phystep，Whichhasbeenvalidatedtoremoveeffectively  
amodelviruSforB19，theviralloadinthemanufacturlng  
POOlobviouslywastoohightoclearthevirusfromthe  
finalproduct．Additional1y，WefoundthatB19IgGanti－  
bodies．whichareconsideredtobeneutralizingantibodies  
andappeartO COnferlastingprotection■lwerepresent  
inthelargeplasmapoolbutnotdetectedinthefinal  
PrOduct・   

ⅧBLEl．Anti－β19and81gPNAinpa侮nt’s＄erum  
SPeCimens，hpIicatedAHF10t＄，andasampleofa   
P］asmapoolusedinmanufactur弓ngforlotA  

B19antibodies BlgDNA  

Sample  】9M  IgG （g印加げ  
Pati8nt   
PreinIusions即UmSamP】e   
4－Weekserumsample  
ImpljcatedAHF   
Lく）tA   

しotB  

PJasmapoolforLotA  

Negative Negative Negative  
Positjve Positive   

ND†  Negative  
ND  ND  
ND  Positive  

’CalcuLatedfromgeornetricmeanvaluesoftwodeterrninations   
forthepostintusionsarT．Ple．fourdeterminations†ortheAHF   
SamPle．andtwofortheplasmap0OIs・Theconversionratiofrom   
geqtoIUofB19DNAbytheNATmethodisl：l（SeeMateriaI＄   
andml∋thods）．  

†NDこnOtdetorminod・  

Standards，and12published B19sequencesincluding  
strainsAn21and Wi22in GenBank．Assummariヱedin  
Thble2，tWOuniquenucleotidesubstitutionswereidenti一  
缶edatpositions88and135，equivalentto2531（GTTto  
m）and2578（TPJtoTAC）ofB19Austrain，inall丘ve  
Clones（Pat－1－5）打omthepatient，inal1fourclones（ⅥIl－  

1－4）ffomtheimplicatedlotA，andinadirectsequence  
Obtainedfromthehigh－titerplasmapool（Plasma－P）■In  
contrast，bothsubstitutiorlSWerenOtfoundinanyofthe  
publishedisolatesorinanyofthesixclones（WHO－ト6）  
OrinthedirectsequencederivedfromtheWHOstandard  
（WHO－P）．Althoughoneofthreeclonesderivedh■omthe  
CBERB19standard，thatis，CBER－1．hadbothsubstitu－  
tions，italsohadadditionalsequencevaJiationselsewhere  
WithinthereglOn．1denticalsequenceswereobtainedf［Om  
allfive（Pat－1－5）clonesf上omthepatient，three（ⅤⅠⅠト1，・2，  

and－4）clones fromimplicated productlotA．andthe  
direct sequence from a plasma poolforlotA，thatis，  
Plasma－PVIlト3hadtwo additionalsubstitutionsinthe  

VPluniqueregion・VariabilityofthecIonesequencesfrom  
bothWHOandCBERstandardswasalsoseen；however，it  

WaSra∫elydetectedbydirectsequencing（Thble2）・  
Tb demonstrate a causalrelationship betweenthe  

implicatedproductandthepatient’sinfection・Phyloge－  
neticanalysisofthesequenceswasperformed・Nucle－  
Otide sequences from boththe patient’s postinfusion  

serum sample and AHF lotA and the predaminant 
SequenCeOftheplasmapoolfbrlotAwerehigh1ysimilar  
（Fig・1）・In contrast，these sequences were not closely  

1-elated to those derived from either the WHO and the 
CBERstandardsorotherknownB19isolates．  
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WU ETAL．  

implicatedproducttorevealindividual  
Sequence＄ preSentin the original  
donations．  

The sequences ofal1丘ve c10neS  

fromtherecipient．sserumsamPlewere  
notonlyidenticaltothreeofthe fbur  
Clonesfromtheimplicatedproduct，but  
alsotothepredominantSequenCefrom  
theproduct■splasmapool・¶〝Ounique  
nucleotidesubstitutionswereobserved  

inal1sequencesh・Omthepatient，the  

PrOduct・andtheplasrnapool・Phyloge－  
neticanalysisrevealedacIoserelation－  
Ship amongsequences打om anthree  
SOurCeS，Whereasthe sequencesdeter－  

minedfortheWHOandCBERB19stan＿  

dardsandthepublishedAu，Wi．andlO  
＝三濫慧 0therB19isolatesweredistinct・Inaddi－  

ii示i蒜 tion．alIsequences mentionedin this  

Study were confirmed as genotypel，  
distinctively different h・Om StrainLali  

▲  
MIJ山畑地モ乳価畑山or帽【xlO叫  

（genotype2）aJldstrainV9（genotype3）  
SequenCeS（datanotshown）．27  
Asare＄uItofthe B19transmission  

associatedwithpooled plasma．．S／D  
treated29，32inapostmarketsurveillance  
Studythatcorrelatedproductinfectivity  
withahighconcentrationofviruSinthe  
manuficturing pool，teSting fbr B19  
DNAbyNATinaminipoolformatwas  
implemented by the manuhcturer to  

刑g．1．馳tl山atedneighbor－joining血Obtaimed丘omB19祀quenCeS〔223nucle－  

Odde＄）oiuleWluれiquere由onobt血モd杜om血epadenlb4－Weekpos也nhsiom  

Ser11mSZLmPle（P＆tCloncsl・5），EromlotAofA11F（VlIIclone＄l－4），駐omtheCtSER  

【C8ERclonesl－3），andWtlOB19（WⅥOclone8L・6）＄tELndardsandsequence＄deter・  

mineddi柁Cdy駐中mPCR－ampl蝕dpro血ct＄derivd血Imモi血モー血eplasmapo0l  

COntaining101geqpermLB19DNAbrloIA（Pla占maL・P）orthetwl”0汀eSPOndingll19  

Standards（WⅦ0－PaLndCBER－P）・Inclllded血】rZLnalysi＄a代1Zput）liBhedB19  

SequenCe＄incllldlng＄trainsAuaJldWIhGenBaJARehtivemolecdardlstancesare  

indicatedasthentLmtIerOfnucleotidesub＄tittltlon＄PerhLndredntldeotldes．  

excludeuse ofplasmadonationswith  
highviruStiterssothattheviralloadinthemanufacturing  
pooIcanbelimitedtoless than10＋geq per mLB19  
DNA・2932Tbreducethepotentialriskoftransmissionby  
Otherplasma－derivedproducts，theFDAhassincepro－  
posedalimitoflessthanlO4IUpermLformanufacturing  
pooIsdestinedfbrallplasmaderivatives．32．35Itisneither  

feasibletoexcludeallB19DNA－pOSitiveplasmadonations  
nordesirabletoremovethehigh－titerantibodydonations  
associatedwithlow－1evelviremia．7Hence，high1ysensitive  
B19NAT assays are not suitable forthis application  
becausetheyholdthepossibilityofremovinglowviremic，  
but notinLectious，plasma donations and thereby  
COmPrOmisingB19antibodylevelsinthemanufacturlng  
pool・  

Somefractionators，mOStlythose who use source  
plasma，havebeguntouseLesssensitive．orso－Calledhigh－  

titer，minipooINAT screerling．The sensitivity ofthese  

SCreenlngteStSVarieswithdonationsidentiBedas B19－  
positiverangingfromatleastlO5toatleastlO7geqpermL，  
buttheyofEeramechanismbywhichtheviralloadin  
manufacturingpooIscanbelimited・6・34r36some丘nalprod－  
uctsobtainedfromminipool－SCreenedplasmahavefound  
tobedevoidofB19DNAcDntamination．6   

DetectionofB19DNAinboththeproductandthe  
recipientdoesnotnecessarilyequatewithcausalitYTb  
furtherestablishacausalrelationship，18weexploredthe  
geneticevidence ofB19sequencesimi1arityamongthe  
reclpient’sserumSample，theinfusedAHFproduct，anda  

Plasmapoolfortheproduct・lngeneral．thegeneticdiver－  

SityamongB19isolatesisverylo叫Withlessthanlto  
2percentnucleotidedivergenceinthewholegenome・17・Z7  
Tb con丘rmtwo B19－tranSmissioncasest］ytheircorre－  

SpOndingcoa卯1ationproducts，Bltimelandcoworkers17  
SequenCedabouthalfoftheB19genome（approx．2700  
nucleotides）consistingoftheC－terminalNS・1reglOn，the  

Wl－unique region，andtheVP2region．These authors  
employeddirectseqllenClngOfPCR－amPlifiedproducts，  

Whichreflectsonlythepredominantsequence，butnot  
minorvariantsequencesthatmaybepresentintheimpli－  
Catedproducts．Wbchosetosequencemainlytheunlque  
VPlreg10n，Whichappearedtoexhibitthemostvariation  
insequencesatboththeDNAandtheproteinlevels・17・28  
Because there might be many contaminated plasma 
donatjons，reSultinglnamixtureofB19sequencesinthe  

finalproduct，We performedsequenceclonlngOfPCR－  

ampli丘edDNAfromthepatient’s＄erumSamPleandthe   

lOO8 TRANSFUS10N Volume45，June2DO5  
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In this study，AHFlot打was derived sole王y仕om  
plasmatestedbyahigh・titerB19NATscreeningproce・  
dureandhadno detectableB19DNA．Incontrast，AHF  

lotAwasmostJyderived血・OmunSCreenedpJasma・The  
transmissioncasemightnothaveoccurredhadB19NAT  
SCreeningbeenperfbrmed・Thatis，ifdonationswithhigh  
levels ofB19DNA had beenidentified，the high・titer  
plasmapoolfortheimplicatedlot，107geqpermL，WOuld  

nothaveexjsted・AB19transmissionbyasimilarS／D－  
treated．immunOa臨nity・puri負ed，AHF product to a  
SerOnegativechildwithmildhemophiliaA，Whohadnot  
beenpreviouslyinfusedwithanybloodproduct，hasbeen  
documented・）6Asin most reported cases．however，  
SequenClnganalysiswasnotpertormedandtheamount  
ofB19DNAinfusedwasunknown．   

Littleisknownregardingthecorrelationbetweena  
product’sinfectivityanditsB19DNAcontent．TheB19  
infectiousdoseinsusceptibleindividuals，thatis，preSum－  
ably seronegative persons．would be expected to vary  
dependingonwhethertheproductcontainedanti・B19  
IgGantibodies・ForexamPle，pOOledplasma，S／D－treated，  
hadlevelsofanti－B19IgGll・29approximately401UpermL  
ineveryproductlotbecauseeachpooJofplasmarepre－  
Sentedupto2500plasmadonations・Onlythoseseroneg－  
ativevolunteersinfusedwitha200－mLdoseofproduct  
lotscontaininggreaterthanlO7geqpermLB19DNAwere  
infected，Whereasthoseinfusedwithanequalvolume  
Oflots containingless thanlO4geq per mL did not  
seroconvert．29朋・ま2   

lnaseparatetranSmissioncase，aSerOnegativech山1  
WaSinfectedbyinfusingadryheat－treatedFⅥⅠIconcen－  
trate．whichcontained4×103geqpermLB19DNA，OVer  

aperiodof52days・17Thetotalinfectiousdoseforthiscase  
wasequjvalentto4×106geqofB19DNAftomapTOduct  

Whose anti－B19content，ifany，WaS unknown．ln our  
Study，theseronegativerecIPientwasinfectedbyreceiving  
atotalof2×104geqofB19DNAfromaproductthatcon－  

tainednodetectableB19IgG．   
Inconclusion，Wehavecon鮎medB19transmission  
inarecipientofaS／D－treatedhigh－PurityAHFproduct  
derivedfrommostlyB19NATunscr占enedplasma・The  
seronegative recipient became infected after receiving 
2×104geq（OrIU）ofB19DNApresentintheproduct・  

Therefore，tOSafeguardtheviralsafety両threspectto  
B19，mlnlPOOIscreeningbyB19NATshouldbeimple－  
mentedtoTeducethelevelofpotential1yinfectiousB19  
virusintheresultingproducts，eSpeCiallythose．without  
thepresenceofanti－B19・  
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○遺伝子導入マウスモデルにおいて評価したBSEプリオンの垂直感染  
本稿では、ウシPrP（boTg）を発現させたトランスジェニックマウスにBSEプリオンを脳内投与した時の母子感染の証拠を示す。脳  

使用上の注意記載状況・  

その他参考事項等  
内PrFeS沈着がウェスタンプロット解析により検出できる発症少し前の時期に交配させた場合にのみ、感染した母マウスから生ま         人全血液CPD「日赤」  

研  
照射人全血液CPD「日赤」   れた新生児マウスの脳にPrPTeSが検出された。boTgマウスの脳内接種後に乳汁中に感染性は検出できず、その他の組織がプリ  

究  性に中枢神経系から末梢組織に、また子マウスに広がることが証明される。また、これらの結果によりウシにおけるBSEの垂直感       血液を介するウイルス、  
報  

』ヒ 臼  
細菌、原虫等の感染  

の  
vcJD等の伝播のリスク  

概  

要   

報告企業の意見  今後の対応   

遺伝子導入マウスモデルにおいてBSEプリオンの感染が遠心性     今後も引き続き、プリオン病に関する新たな知見及び情報の収集に努   
に中枢神経系から末梢組織に、また子マウスに広がることが証  

明されたとの報告である。  
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