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Clearanceofdenguevirusintheplasma－derived  

therapeutic proteins 
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enguevirusinfects50to100mi11ionpeople  
WOrldwide ayear；Ofthoseinfected，SeVeral  

hundredthousanddevelopthemoresevere  
andlife－threateningdiseases，denguehemor－  D  BACKGROUND：Viratsafetyisofparamountimpor－  

tanceforhumanplasma－derivedtherapeuticproteins．  

Recentrepo丘SOfb100dTaSSOCiatedtransm桓Sionand  

COntinuousreg10naJoutbreaksofdenguefeverhave  
PrOmPtedavaJjdatjonofclearanceofdenguevirusin  
themanufactureprocessesoflheplasma－derived  
PrOducts．  
STUDYDESJGNANDMETHODS：Ahightiterofcul－  

tureddenguevirusserotype2wasspikedintoprocess  
SamPlesbeforeindividuaJstepsofalbuminandimmu－  
nogtobuIinmanufactureprocesses．includingcotd  
ethanoIprecJPitation，Cation－eXChangechromatography．  

PaSteurjzation，S｛）lvent／detergenttreatment，andvirus  

firtratjon．Clearanceofdengueviruswasquantifiedwjth  
TCID5。aSSaySinthecultureofVeroE6ceIIsand，When  

appropriate，reaトtimepolymerasechainreaction（RT－  

PCR）assays・  

RESULJS：TheindividualprocessstepswereaJleffec・  

tiveintheinactivationand／orremovalofdenguevjrus，  

andthedataobtainedclearlydemonst（atethattherisk  
OfdenguevirustransmissionwasreducedcumulativeLy  
byatleastlO．12andatleast14．24loginthealbumin  

andimmunoglobuIinmanufactureprocesses．  
respectively．  
CONCLUS（ON：Thededicated viralinactivation andJor  

removalapproachescurrentTyimplementedinthe  
manufactureofplasma－derivedproductsprovideagood  
SafetymarginwithTegardtothetransmissionofdengue  
Vims．  

rhagicfeveranddengueshocksymdrome・DengueviruS  
belongs tothe family Flaviviridae，Whichin generalis  
known to survive overlong periodsinfluidswithhigh  
proteincontents，forexample，blood．Therefore，dengue  
viruSeS maybe transmittedviatransfusionofblood or  
bloodcomponents．Albeitrare，ithasindeedbeendocu－  
mented that blood－aSSOCiated transmission of dengue  
virus occursvia routesincludingneedle－Stickiniuries，1  
marrowtransplantation，2intrapar［umandverticaltrans－  
mission，2andmucocutaneoustransmission，3Thiscanbe  

aseriouspublichealthproblemwithoutpropercontrol  
meaSureS．  

DengueviruSisalipid－enVelopedRNAviruS，Witha  
diameter ofapproximately50nm．4ReportedlY．dengue  
virus has been e圧ectivelyinactivated byphotosensitiz－  
ers5・6andissensitivetohightemperaturesandacidicpH．7  
Thisstudyaimstodemonstrateforthe丘rsttimethatthe  
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riskofdengueviruStranSmissioninplasmaderivativesis  
elimina【edbyspeci魚cvirusremovalandinactivationpro－  
Cedures．LogreductionofdengueviruSisinvestigatedat  
individualstepsofthemanuhctureprocessesofplasma－  
derivedalbumin andimmunoglobulins，Whichinclude  
COldethanolpreclpitation，Cation－eXChangechromatog－  
raphy．pasteurization，SOlvent／detergent（S／D）treatment．  
andvirusfi1tration．The evaluation ofthe manufacture  

processesprovidesameasureofconfidenceforeliminat－  
ingdengueviruS・  

Samplewithasequencedetectionsystem（ABI7900HTI  
AppliedBiosystems），andthecyclingconditionswere500C  
fbr2minutes・950CforlOminutesfollowedby40cyclesof  
95bCfor15seconds，and600Cforlminute，aSWe11asa  

dissociation stage of950C for15minutes，600C for  
15minutes，and950Cfor15minutes．  

FractionIVprecipitation  

Thesupematantll＋ⅠⅠIwaspreparedfromfrozenhuman  

plasmathroughtwoconsecutivestepsofcoldethanolpre－  
Cipitationwith8percentethanolatpH7・1followedby  

19percentethanolatpH5・85・8Duplicates of20mLof  

SupematantII＋ⅠⅠIwerespikedwith7・00logpermLeach  

OfdengueviruSataratio（VOl／vol）ofl：10．EthanOl（95％）  

WaSaddeddropbydropintothesupematantII＋ⅠⅠItoa  

丘nalethanoIconcentration of40percent，Which was  

hrthermixedaト5to5・50Cforlhour，beforebeingcen」  
trifugedat2300×gtOSeparatethefraction（F）Ⅳ＆omthe  

SuPernatantⅣThesupematantII十III，theFIV and，the  

SupernatantⅣweretitratedforquantityofvirusesby  

TCID50aSSayOrRTIPCRassay．  

MATERJALSAND METHODS   

Rawmaterial＄  

Normalhumanplasmawasobtainedfromtheplasma  
fractionator Shenzhen Weiwu Guangming Biological  
ProductsCo．（Shenzhen，China）．All．chemicalsusedinthis  

Studywereofeitherpharmaceuticalgradeoranalytical  
grade・ViruSfilters（Planova35N，10cm2）wereagiftfrom  
AsahiKasei（Tbkyo，Japan）．  

Vjruscultureandquantification  

DengueviruSSerOtype2（SO47］00froInEnvironmental  

HealthInstitute．Singapore）waspropagatedinC6／36cells  
（CDCGuangdong，China）inminimalessentialmedium  

withlpercentfetalbovineserum（Gibco．GrandIsland．  

NY）・DengueviruSWaSquantifiedwithTCID50aSSaySin  

thecultureofVeroE6cells（ATCC，ManaSSaS，1乳）．VeroE6  

CenS（2・5×105cells／mL）wereseededin96－We11platesina  

VOlumeoflOOpLperwe11．A托erldayofincubatiozt，50llL  

Of medium was added to each we11．Each diLution of  

Samplewasaddedat50pLperwe11，andfurtherincuba－  
tionwascarriedoutat36±20Cwith5percentCOz．Plates  
WereaSSeSSedforTCID5Oendpointascytopathice鮎cts  

developedonthefifthdaylTheTCID50endpointwascal－  
CulatedaccordingtotheSpearman－Karbermethod，and  
the Poisson distribution was used when no virus was 

detectedinsamples．Quantitativereal－timepolymeraSe  
Chainreaction（RT－PCR）wasusedtodetermineviruStiter  

inthe chromatographyandcold ethanolprecipitation  
StepS・RNAofdengueviruSWaS eXtraCtedinduplicate  
fromsampleswithaviralRNAminikit（QLAamp，Qiagen，  
Hilden．Germany）accordingtotheproceduTeprOvidedby  
themanufacturer・DengueviruSCDNAwasreversetran－  
SCribedwithrandomhexamerswithreversetranscriptase  
（SupercriptIII，Invitrogen，C訂1sbad，CA）．Quantitative  

RTPCRutiuzingThqMantechnology仏ppliedBiosystems，  
FosterCity，CA）wasperformedonsamplesandproper  
COntrOIswithspecific primers（GTCん如コuAGAAGm－  
GjuCCTCCA and CTCⅧrGATGÅTGTAGCTGTCTCCG）  
andSYBRGreenfluorescentprobeswithconditionsopti－  
mi21edtodetect4・67copleSOfviralRNAfordengueviruS・  
Duplicate PCR procedures were performedfor each  

Pa＄teurization  

The puri丘ed albumin solution was diafiltrated with  

8volumesofwaterandthenconcentratedtoaconcentra－  

tionof22percentwitha30－kDacutoffcassette（Millipore，  

Bedford，MA）．Sodiumcaprylatewasaddedtotheconcen－  

trated albumin solution to a final concentration of  

32mmolperL，beforeadjustmentofpHto6．8tomake  

20percentalbumin bulk＿1加0－hundred miuiliters of  

albumin bulk and duplicates ofthe steri1e一fi1tered  

20percentalbuminina50一喝Lbottlewasheatedto590C  

inawaterbath．fb1lowedbyspikingwithdengueviruS  
（6・67，7．50，Or7・67log／mL）ataratio（vol／vol）ofl：20and  

l：25，reSpeCtivelytGentlemixingwithamechanicalstirrer  

（Stainlesssteel）wasappliedtothebulkpasteurization・  

SamplesweretakenoutforviruStitrationduringthetime  
COurSeOfalO－hourtreatmentat59to600C．  

F‖precipitation  

TheFII＋IIIsepaLatedfromthesupernatantII＋ⅠⅠIabove  

WaS redissoIved．and NaAc－HAc bu鮎一（0．8mol／L－  

4mol／L，pH3・9）wasaddeddropwisetoadjustpHto5・1・  
Denguevirus（7・170r7．67log／mL）was畠pikedataratio  
（VOl／vol）ofl‥10into duplicates of 20mL of the  
pH－aqjustedFIl十III・Ethan01（95％）wasaddeddropby  
dropintotheFII＋ⅠIItoa丘nalethanoIconcentrationof  

15percent，Whichwasfurthermixed．at－5to5．5OCfor  

l・5hour・beforebeingcentrifugedat2300×gtOSeparate  

theFIII丘omthesupematantIII・TheFII＋III，thesuper－  
natantIII，andtheFIIIweretitratedforquantityofviruSeS  
byTCID50aS＄ay．  
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Virus用tration  

Aquantityof196mLofpartial1ypuri丘edimmunoglobulin  
WaSSPikedwith7．67logpermLdenguevirusataratio  
（VOl／vol）ofl：49．fouowedbyfiltrationwithaO．22－Pmfi1ter  

（Steritop，Millipore）toremoveviralaggregates・Thefi1－  
teredimmunoglobulinwassubjecttovirusBltrationwith  
the35Nfuterinanormal－flowmanner，underconstant  

pressureof80kPa．Samplesweretitratedforquantityof  
viruSeSbyTCIDsoassayorRT－PCRassay  

RESULJS   

FIV precipitation 

Afterthe40percentedlanOlprecipitationofthesuperna－  
tantII＋III．nodengueviruswasdetectedwiththeTCID50  

assayinboththesupernatantⅣandtheFrVrrablel）．  
DespiteitsdirectcytotoxicitytothevirusdetectorVeroE6  
Cells，Whendiluted500－fold．40percentethanoldidnot  

a仔ectthedeterminationofvirustiter・Resultsofquantita－  
tive RT-PCR clearly showed that genetic materials of 
denguevirusWere COnCentratedin the FⅣ（Tもblel），  
Whichis discarded during thealbumin manufacture．  
Becausechemicalinactivationbyhighconcentrationsof  
ethan01ismechanistical1ydifferentfromthephysicalparL  
titionlnge庁ectsbetweenfractions，thisFⅣpreclpitation  
StepprOvidesanextrasafetymarginintheeffectivecleaト  
anceofdengueviruses．  

S／D treatment  

Duplicates of27mL of theimmunoglobulin puri丘ed  
throughviruSfi1trationwereheated to280Cinawater  
bath，fouowedbyspikingwith7・160r7・83logpermL  
〔kngueviruSataratio（VOl／vol）ofl二9・rItitonXLlOOand  

tri－n－butylphosphatewereaddeddropbydropintothe  
immunoglobulin to a 再nalconcentration ofland  
O・3percent，reSpeCtivelyGentlemJjnngWaSaChievedwith  
amechanicalstirrer（Stainlesssteel）forthetimecourseof  
16－hourtreatmentat28to300C，duringwhichsamples  
WCreremOVedforviruStitrationbyTCID50aSSay  

Pasteurization  

The kinetics ofinactivation of dengue viruSin the  
20percentalbumirldufingthelO－hourpasteurizationat  
59to600C afe ShowninFig・1・Thepasteurizationwas  

CarriedoutatO．50Cbelowwhatisnormallyusedinthe  
manufacture，repreSentlngaWOrSt－CaSeSCenario．Dengue  Cation－eXChangechromatography  

A chromatography column oflO－mm diameter was  
packed to a bed height ofllcmwitheithernewCM  
SepharoseFastFlowresin（PharmaciaBiotech，Uppsala，  

Sweden）orthe used resin that had previously been  
recycled476tjmeswiththeimmunoglobulinpuri丘cation  
process．Thecolumnwasequilibratedwith20mmolperL  
NaAcbu仔er，pH4．0．AdjustedtoapHof4・Owith1MHCl  
andanionicstrengthofl・4mSpercmwithpuri丘edwater．  
duplicatesof75mLoftheS／D－treatedimmunoglobulin  
SOlutionwerespikedwith7．670r7・83dengueviruSata  
ratio（vol／vol）ofll：20．Thevirus，Spikedimmunoglobulin  
SOlutionwasappliedtothecolumnatalinearflowrateof  
40cm／hratambienttemperature．Afterwashingofthe  
CO】umnwithlOcolumnvolumesoflOmmolperLglyclne，  
pH7．0．immunoglobulinswereelutedwithlOOmmolper  
LglyclnetOgetherwith150mmolperLsodiumchloride，  
pH9．0．Thecolumnload．thenow－throughfraction．and  
the eluate fraction containing immunoglobulins were 
titratedforquantityofviruSeSbyTCID50aSSayOrRTTPCR  
aSSay・  
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Pasteurization（hr）   

Fig・1・InactivationofdenguevimsiJlalbtlminbypasteuri組一  

也onovertime．（ロ）もu址pasteurimtiom；（◆）terminalpa5tel甘－  

ization・Stockdenguevirus飴（6．670r7．50log／mL）were  

SPikeda（aratio（vol／vol）ofl：20andl：25，reSpeCtively，inthe  

t）ulkpastell血tionandterminalpasteurization・   
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7hours．NoinfectiousviruSWaSdetectablebytheTCID50  
assayintheimmunoglobulinfiltrate，thesampleobtained  
WhentheviruSfi1terwasreverselyflushedwithpurified  
Water，OrtheviruS－SPikedimmunoglobulincontroIstand－  
1ngalongthewholeviruSfi1trationprocess・Tbditrerenti－  
atephysicalseparationfromthechemicalinactivationby  
thelow pH，the samples werefurther quantified for  
dengueviruSwiththe quantitative RトPCR assay．The  
RT，PCRdatashowthatdengueviruSWaSmuChmorecon－  
Centratedintheback－nuShfractionthanintheimmuno－  
globulin丘Itrate・Viralreductionbythevirusfi1trationwas  
Calculatedandshowninlもbles3and4．Theseresultsindi－  
CatethatdengueviruSiseffectivelyremovedbythe35N  
viruSaltration．  

viruSWaSquicklyinactivatedbytheheattreatment，and  
infectiousvirus became undetectablewithin5minutes  
（Fig・l）・Tbtalviralreductionfbrboththebulkpasteuri－  
Zation andthe terminalpasteurizationis shownin  
職ble2．  

F＝precipitation  

Afterthe15percentethanolprecipitation，denguevirus  
WaSdetectablewiththeTCID50aSSayinboththesupema－  
tantIIIandtheFIII．withamajorityofinfectiousvirusin  
theFIII．ViralreductionfromtheFII＋ⅠⅠItothesuperna－  
tantIIIwascalculatedandisshowninThble3．  

Virus filtration  

TheimmunoglobulinspikedwithdengueviruSWaSPrO－  
CeSSedat24to250Cthroughthe35Nvirusfilterwithin  

S／Dtreatment  

ThepresenceofS／Dwascytotoxictothevirusdetector  
Ⅵ汀OE6cells；Whendiluted1000－fold，S／Pdidnota仔ect  

the determinationofviruS titer．Thekinetics ofinactiva－  

tionofdengueviruSintheimmunoglobulinduringthe  
16－hourS／Dtreatmentat28to300CisshowninFig．2．  

DengueviruswasquicklyinactivatedbytheS／D treat－  

ment，andinfectiousvirus became undetectablewithin  
lminute．TbtalviralreductionfortheS／Dtreatmentwas  

Shownin恥ble3．  

TÅBLE2．Clearanceofdengueviru＄lnthe  
albuminpro¢eSS■  

Process step Reductionofvirus（10g）  

≧5．18†／≧5．35†  

≧4．61   

≧4．94／≧5．44  

≧10．12‡／≧10．79‡  

FIV precipitation 
Bulk pasteurization 
lbrmina（pasteurization  
Cumulative  

★ Dataareshownfromduplicateexperiments，eXCePtbulkpas－   
teurization．whichwasconductedonce．  
†ThedatafromtheTCID50aSSay．butnottheRT－PCRassay，   
areinchJded．  

‡“8ulkpasteurization”isno＝ncludedinthe”cumulative，”   
becauseitissimilarmechanistjca11ytolermina暮   
PaSteUrization．”  
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Cation－eXChangechrornatography  

Afterthe chromatographystep oftheimmunoglobulin  
process，nOinfectiousviruSWaSdetectablebytheTCID50  
assayinthecolumnload，theflow－throughfraction，the  
eluatefraction，Orthevirus－SpikedloadcontroIstanding  
along the whole chromatography process．Tbtalviral  
reductionfromthecolumnloadtotheeluatefractionwas  

atleast7－04andatleast6・93logforthenewresinandthe  
476－CyCledusedresin，reSpeCtively（Thble5）．BecauseS／D  
WaSpreSentinthe startingmaterial，theeliminationof  

denguevirus could be a result ofinactivation by the  
Chemicals▲Tbdifferentiatephysicalremovalfromchemi－  
Calinactivation．thesampLeswerefurtherquanti魚edfor  
denguevirus with the quantitative RT－PCR assay・The  
RT－PCRdatashowthatamajorityofdengueviruSWaS  
Observedintheflow－throughfraction・Tbtalviralremoval  
bythechromatographyprocesswascalculatedtobe3．66  
and4・18logfbrthenewresinandthe476－CyCledused  
resin，reSpeCtively（rIhbles3and5）．  

D［SCUSSTON   

Viralsafetyis of paramountimportance for human  
Plasma－derivcdtherapeutic proteins such asalbumin，  
αl－prOteinaseinhibitor，Clottingfactors．andimmunoglo－  
bulins．Recent documentation of blood－aSSOCiated  

transmissionlJ3and continuous reg10naloutbreaks of  
denguefeverhavepromptedavalidationofclearanCeOf  
dengueviruSinthemanufactureprocessesoftheplasma，  
derived products．Itwas theintention ofthis study to  
investlgateCleaEanCeOfdenguevirusinindividualstepsof  
manufacture processes ofplasma－derivedalbuminand  
immunoglobulins．The results showninThbles2and3  
Clearlydemonstrateforthe鮎sttimethatspecificvirus  
removalandinactivationprocedures reducethe riskof  
denguevirustranSmissionbymorethanlOlogcumulaL  
tivelyinplasma－derivedalbuminandimmunoglobulins・   
Inthisstudy．coldethanolprecipitationisverye鮎c－  
tiveininactivatlngdengueviruSinthealbuminprocess．  
butmi1dly efFectivein removlng dengueviruSin the  
immunoglobulinprocess、Thisdi鮎renceine鮎ctiveness  
isprobablyduetothefac［thathigherconcentrationsof  
ethanoIwereusedinthealbuminprocess・Itisfairlyrea－  
SOnabletospeculatethatothertherapeuticproteinspre－  

1346 TRANSFUSION Volume48，Juty2008  

paredfrom plasmabysimilarlyhighconcentrations of  
ethanol，forinstance，α1－prOteinaseinhibitoraJldtrans－  
ferrinpuriRedfromtheCohnFrV；wouldhaveagood  
Safbtymarginwithregardtotransmissionofdenguevirus・  
Pasteurizationinactivateddenguevirusveryquickly  
ande鮎ctivelyinthealbuminprocess．Thepresenceofa  
highconcentrationofalbuminorthealbuminstabilizing  
agentsodiumcaprylatedidnotseemtoprotectdengue  
virusfromthe heatinactivation．Caprylate has been  
Showntobeaneffectivevirus，inactivatingagentatmilli－  
molar concentrations under acidic conditions；9‾】Z  

however，Caprylateappearsunlikelytocontributemuchto  
theviralinactivationcapacityofthepasteurizationstepas  
inthealbuminformulationitisusedunderneutralpH，  
Which do not favor the formation of the active  

COmpOnent－thenonionizedformofcaprylate．Asshown  

byalbumin’slonghistoryofviralsafetyinclinicalapplト  
Cations，thededicatedviralinactivationstepinalbumin  
manufactureprocesseshasbeenveryrobustintheinac－  
tivationofmanydifferentvirusesincludingWestNileviruS  
and bovineviraldiarrheaviruS伴ⅣDV），bothfrom the  

SameFlaviviridaefamilyasdenguevirus・13r14   
Virus filtration was very effective in separating 
denguevirusfromthe、immunoglobulinRltrate（Table4）．  

ThedatasuggestthatchemicalinactivationbythelowpH  
COnditioncanprobablycontributetotheviralclearance  
CapaCityofthis process step．In aseparate studywith  
BVDVwhichisofsimilarsizebutnotsensitivetolowpH  
treatment，amqjorityofthespikedBVDVwastrappedin  
thePlanova35N丘Iter，Whichwasrecoveredintheback－  

nushsample（unpublishedobservation）．  
Likepasteurization，S／Dtreatmentveryquicklyand  
e鮎ctivdyinactivateddenguevirusintheimmunoglobu－  
1inprocess・Thisdedicatedviralinactivationstepinthe  
immunoglobulin manufacture processes has been very  
robustintheinactivationofmarrydifferentviruSeSinclud－  
ingWestNilevirusandBVDV13・14  
Thecation－eXChangeChromatographywasorlginal1y  

intended to remove S／D from theimmunoglobulin  
process；however，itwasalsoobservedinthisstudyto  
e任ectivelyremovedengueviruSbya臨nityadsorption・In  
addition，thispuri丘cationstepwasmildlyeffectiveinthe  

physicalremovalof BVDV（unpublished observation）．  
Althoughthe chromatographic process may not be a   
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robustviralremovalsteplngeneral，itisindeede仔ectivein  

theclearanceofden許IeViruS．   

InsummarylthisstudyhasshoⅥlthate鮎ctiveclear－  

anceofdenguevirusisachievedinthemanufacturepro－  
CeSSeS Ofalbumin andimmunoglobulins，prOviding  
additionalevidencesupportingtheviralsafetyofplasmaT  
derivedproducts．  
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①乾燥抗HBs人免疫グロブリン  公表国  

一般的名称    ②ポリエチレングリコール処理抗HBs人免疫グロブリン  研究報告の  プエルトリコ   

販売名  公表状況   1348－1354  
（企業名）  

＜背景＞  

輸血を介したデングウイルス感染が1例報告されている。しかし、流行地域でのデング熱の発生率が高いこと、無症候感染の割合が高い  
使用上の注意記載状況・  

こと、およびウイルス血症の中央値が5日であることから、輸血に関連したデング感染は、報告されているよりもさらに広範匪＝こ拡がっ  その他参考事項等  

ている可能性がある。  代表として静住用へブスプリンーIHの記載を示  
＜研究デザインおよび方法＞  

研                                    す。   ■2005年9月20日から12月4日までにプエルトリコにある米国赤十字へ提供された全ての血液ドネーションのデングウイルス（DENA）紺A       2．重要な基本的注意   
究  の陽性率を、tranSCriptionmediatedamplification（TMA）法と呼ばれる特異タイプの核酸増幅検査を使って測定した。TMAの測定結       （1）本剤の原材料となる血液については、KBs抗   

報  果が2回くり返して陽性であったものを、TMA法陽性のドネーションと定めた。TMA脇性のドネーションについて、IgM抗体のELISA、RT－PCR       原、抗HCV抗体、抗HIV－1抗体、抗HIV－2抗体陰性   およびウイルス培養による検査を行った。       で 、かつALT（GPT）値でスク1」－ニングを実施し   
告  ている。更に、プールした試験血某については、  

KIV－1、HBV及びHCVについて核酸増幅検査（NAT）を  

の   

、 るが、当該NATの検出限界以下のウイルスが混入  

と、5つのドネーションだけがTMA陽性であった。  

要   
I  している可能性が常に存在する。本剤は、以上の  

検査に適合した高力価の抗HB5抗体を含有する血  
紫を原料として、Cobnの低温エタノール分画で得  

た画分からポリエチレングリコール4000処理、  

DEAEセファデックス処理等により抗HBs人免疫グ  

れるであろう。輸血後のデング感染の患者において、輸血感染を考慮すべきである。   
ロブリンを濃縮・精製した製剤であり、ウイルス  

‾報告企業の意見  今後の対応   不括化・除去を目的として、製造工程において  

60℃、10時間の液状加熱処理及びろ過膜処理（ナ  

ある。  影響を与えないと考える   ノフィルトレーション）を施しているが、投与に   

血典分画翠剤からのデングウイルス伝播の事例は報告されていない。万一、原料血紫にデングウイルスが混入し      ので、特段の措置はとらな   際しては、次の点に十分注意すること。   
ても、脚Dをモデルウイルスとしたウイルスバリデーション試験成績から、本剤の製造工程において十分に不括      い。  

化・・除去されると考えている。   

′＼・・′7「rlI、．   



178  


