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カナダ   

研究報告の公表状況  

販売名（企業名）  

カナタ・ケへツク州のProMetlCLlfeSclenCe社が血液中の異型クロイツフェルトヤコブ病（vCJD）プリオンを除去するフィルター       使用上の注意記載状況・  

を開発した。  その他参考事項等  

研  
ProMeticLifeScience社の開発チームは，血液中のプリオンと親和性が高いペプチドをスクリーニングした後，市販のポリメタクリ         BYレ2008－0317   

究   

報 dニ   

ッンること可であり，又，この工程によって血液自体の変性はおきない。 

妻   

報告企業の意見  今後の対応   

現在までに，血液中におけるvCJD検査は可能となっていない。  
本フィルターの使用により，輸血によるVCJD感染に対する安全  
性は高まると考えられる。弊社の血祭分画製剤の製造工程におけ  
るプリオン除去能は4logを上回ることが確認されている。  
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1／2ページ   

BYL－2008－031  

Medgadget．com二PrintEntry  

畠打i打l  

PrionFilterfbrDonatedBlood  

roMeticLifbSciences，aCOmPany  
OutOfMont－Royal，Quebec，hasdevelopedabloodⅢtertoutedtorem9Ve  
PrionsresponsiblefbrvariantCreutzfbldt－Jakobdisease（VCJD）・Considering  

thatcurrentlythereisnoavailabletestforvCJDindonatedblood，nltenng  
maysoothethenerveSOfpotentialtranSfusionreclplentS▲  

Theteamtookfiveyearstocreatethehand－Sizednlter，SCreenlng  

millionsofsmallpeptidesto缶ndonethathadthestrongest  
afBnityfortheprionsfoundincontaminatedblood．Theystuck  
thebestpeptideontocommercialpolymethacrylateresins，and  
thensandwichedtheseinalternatlnglayerswithamemi）rane  

Intests，thedisposablenltercancleanthepnonsoutofasi元gle  

PaCkofcontaminatedbloodinlessthananhour．Nopnons  
remaininthecleanedblood，WhichisotherwiseunChangedby  

theprocess．Test5Withprion－inftctedhamSterSShowedthattheir  

nlteredbloodcouldbeipjectedintodisease－freehamsterswith  
noilleffbcts．  

meteamhopethattheUK－sNationalBloodServicecouldbe  
uslngthedevicebytheendofthisyear．PeterEdwardson，  

ProMetic’svice－preSidentofmedicalteclm0logleS，SaySthat   

Irelandlsclinicaltrial，aimlngtOCOn負rmthatthenlteredred  

bloodcellsareJuStaSe飴ctiveasuntreatedbloodwhen  
tranSfusedintohumans，Shouldbecompleteinafbwmonths．   

辿墜atthe点呼αJ＆）Cね少〆C鮎椚由Jワ…   

ProMeticLifヒSciences．．．  
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細別番号・報告回数    ／  
報   新壷分   機構処理欄   

」般的名称  人赤血球濃厚液  TerpstraFG，Van’twoutAB，  
SchuitemakerH，VanEngelenburg  

公表国  

研東報告の公表状況    FA；D占kker早DW，VerhaarR，de ’KorteD，VerhoevenAJ．  
鱒売名（企業者）   赤血球濃厚液－LR「日赤」（日本赤十字社） 照射赤血球濃厚液－LR「日歩」（日本赤十字社）   

Trins餌sion．2008Feb；48（2）：304－  

13．Epub2007Nov19．  

○血小板混厚液の．病原体を不活化するWC照射の 果と限界 
背景：輸血による疾患触引書起こす血液製剤の病原体汚染は現在も懸念されてい畠。本試験において、血小板濃厚液の  

使用上の注意記載状況・  

リVC嘩射の病原体不活化能を検討した。複数のウイルス・細菌不活化の用量依存性を血′J、板の質への影響と比較した。  
その他参考事項等  

試験デザインおよび方法：さまざまな脂質エンベロープ（LE）、非脂質エンベロープ（NLE）ウイルスおよび細菌を用いてUVC照射         赤血球濃厚液－LR「日赤」  
研  …       照射赤血球濃厚液－LR「日赤」  

究  

血液を介するウイルス、   報   

．蕗－  

め  
と減少率（RF）を調べた。さらI羊、invitrQでUVC照射が血小板の品質に及ぼす影響を調べた。  YCJD等の伝播のリスク  
結果：UVC量50bJ／dでは、血′J噸の品質め変化は許容できるも4）であらた（p「Ⅰ、乳酸産生、CD62P発現、ホスファチジルセリン  

概  

軍   

不の軽減に差は認められなかった。  

緒論：UVC照射は：、血小額の品質に影響を及ぼさずに、細菌および広範なウイルス（HⅣを除く）を不活イヒすることのできる、血小  

版濃厚液の有畢な病原体低減技術である。しかし、用Vわような血液感染性ウイルスに対応するには、WC法をさらに最適化す  
ることが必要である＜∵   

報告企幸¢幕見 今後の対応   

円  

喀範なウイルス叫Vを除く）を不括化することができるが、HⅣの    入について、各不活化捜術の効果、血液成分への影響」製造作業へ   

ような血液感染性ウイルスに対応するには、WC法をさらた最・    の影響などについて評価検討を行っている。．外国での不活化実施状   

道化することが必要であるとの報告である。  況や効果、廟たな技術、、副作用等の情報収集も含め総合的た評価  
し、導入について関嘩機関と協議しているところである。   
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JRC2008T－022  

おLOOD CO肌POⅣEⅣTS  

PotentialandlimitationofUVCirradiationfbrtheinactivationof  

Pathogensinplateletconcentrates  

鞄比eG．花甲∫f叫加が呵“e且王ノα乃’i仇わ〟ち肋打力eたeScわ“毎′乃αたeれ伽乃たA・C〃α′王政聯Je〃わ以移  

βの血封〝Cかeたたe柑，尺0鋸〝一々血れβ打たde助r略αJ7dArめ〟r′l々rわoel′e柁  

exttoCa代hlselectionofdonors，Safbtyofceト  
lulaf blood productsis prlmaLilybased on  
SCreenlngSyStemStOdetectmarkersforviral  
COnta血ation（e・g．，SpeCiBcantibodytesting  N  8ACKGROUND：Pathogencontamination，CaUSlng  

transfusion－tranSmitteddiseases，isanongoJngCOnCern  

intransfusjonofce仙IarbIoodproducts．1nthisexp］or－  

ativestudy．thepathogen－inactivatingcapac紘yofUVC  

irradiationinplatelet（PLJ）concentrateswasinvesti－  

gated・Thedosedependencieso＝nactivationofseveral  

Virusesandbacteriawerecomparedwiththeeffecton  
PLTquality．  

STUDYDESIGNANDMETHODS：Thepotentia10f  
UVCirradiationwasstudiedwjtharangeoffipid－  
enJe10Ped（LE）andnon－（ipid－enVe［opedviruses（NLE）  

andbacteria．LEviruseswerebovineviraldiarrhea  

Virus（BVDV）．humanimmunodeficiencyvirus（HIV），  

PSeUdorabiesvirus（PRV），tranSrnissibtegastroenteritis  

VirusqGEV），andvesicularstoma輔SVirus（VSV）．NLE  

Viruseswerecanineparvovirus（CPV）andsimjanvirus  

40（SV4O）．BacteriawereSLaphyb00CCuS甲idbrm肋，  

封印陶ざ8U佗Uざ，勧eJブdl由α砺andβ∂d仙s  

CereuS．Afterspikingandirradiation，SarnP（eswere  

testedforresidualinfectiv往yandreductionfactors（RFs）  

WereCalculated．Furthermore，theeffectofUVCirradia－  

tiononPLJqualitywasdeterminedbymeasuringin  
Vitroqualityvariab暮es・  

RESULJS：AUVCdoseof500Jperm2resu旺edin  

acceptabIePLTquality（asmeasuredbypH，Jactate  

PrOduction，CD62Pexpression，andexposureofphos－  

Phatidylserine）andhighRFs（＞410g）forCPVこTGEVI  

VSV，S．qpidbI777jdb，S．autt？uS，andEco瓜Interrnedi－  

ateRFs（approx．310g）wereobservedforBVDV，PRV，  

andB．¢ereuS．LowRFs（approx．1log）werefoundfor  

HNandSV40．NodifferencesinvirusreducIionwere  

Observedbetweencel［－freeandce”－aSSOCiatedvirus．  

CONCLUS10N：UVCirradiatbnjsapromlSlng  
Pathogen－reducingtechniqueinPLJconcentrates，jnac－  

tjvatingbacteria；andabroadrangeofviruses（Withlhe  

exceptionofHIV）underconditionsthathavelirnited  

effectsonPLTqua町．FunheroptirnizationoftheUVC  

PrOCedure，however．isnecessarytodealw仙bIood－  

bomevin」SeS洞keHIV  

andnucleicacidtesting【Njul）andbacterialcontamina－  
tion（e．g．．BacT／ALERTculturing）．hdonorsexperiencing  
primaryviruSinLections，however，antibodiesarenotyet  
detectableintheearlyphaseofinfectionandNÅrmight  
alsoscorenegative（theso－Cal1edwindowphase）．More－  

OVer，incaseofemergingin托ctions，bothsafetymeasures  
Willfail．AIso，dcspitescreeningforbacteria．casesofbac－  
terialtransmissioIlhavebeenreported．duetothelimited  
SenSitivityofthesystem・1Hence，thereisastrongneed  
forin－PrOCeSS StepSwithbroad pathogen－inactivating  
CapaCity．Anadditiona］requirementfor such a stepis  
thatthequalityoftheappropriatebloodproductsisnot  
COmprOmised．   

For pathogeninacdvationin platelet concentrates  
（PCs），anumberofdi飴renttechniquesinvolvingt11travio－  
1et（UV）lighthaverecendybeendescribed．Onemethod  
utilizesthepsoralencompoundS－59（amOtOSalenhydro－  
Chloride）incombinadonwithU％1ight．hthisphoto－  
Chemicalprocess S－59intercalatesintoand binds to  

ABBREV暮JmONS：BVDV＝bovineviraldiarrheavirus；CA  

Virus＝CelトassQCiatedviruS；CPV＝CanineparvoviruS；  

LEvirus＝lipid－enVelopedvirus；NIEviruS＝nOnJipid－  

envelopedvims；PC（S）＝pla［eletconcentra【e（S）；PRV＝pSCudo－  

rabiesviruS；PS＝Phosphatidylserine；RF（S）＝fCductiorl  

hctor（S）；SⅥ0＝SimiaLnViruS40；TGEV＝tranSmissiblegastro－  

CnteritisviruS；VSV＝VCSicularstomalitisviruS．  

FromtlleSanquinResearchandI一且ndsteinerbboratoryofthc  

AcademicMedicalCenteroftheUniversityofAmstefdam・  

Amsterdam，山eNetherlallds．  

＾ddTttSSTq）rintTqueSLsEo：FokkeG．Terpstra，SaI】qum，  

VinlSSafetvServices，Plesmanlaan125，1006ADAmsterdam．  

theNetherhlユds；e－mail：f．terpstra＠sanqllln・nl．  

ReceivedforpubucationMarch29．2007；revisionreceived  

如】y3．2007，andacceptedJulv24．2007・  

doi：10．11】1／j．1537－2995，2007、O1524・X  

WSFUSION2008；48：304－313．   
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UVCtRRADIAJ］ONOFPtJCONCENTRATES  

nucleic strands．Uponirradiation with tJmught（320－  
400Tlm），this binding becomesirreversible and the  
Strandsarecross－1inked．resuldnglninactivationofthe  

pa仙ogen．2  

AmothermethodtakesadvantageOfthepropertiesof  
a naturany occurrlngvitaminsupplement，riboflavin・  
RiboflavininteractsbetweenthebasesofDNAorRNAand  

uponirradiationwithbroadbandUVlight（265－370nm），  
ribonavinoxidizesguanineinnucleicacids，reSultingin  
irreversible damage to the pathogen.3 

Athirdmethod applies atwo－Step PrOCedure ofa  
Photodynamic treatmenIwith thionineand／orJightIo  
inactivatefreeviruses，fbllowedbylow－doseUVBtreat－  
menttoinactivatewhitebloodcells（WBCs）andbacteria．4  
¶1ioninehasahighbindingafRnitytonucleicacidsand  
SpeCi鮎allybindsstrongJyinG－Cprichregions，butalso  
formationofsingletoxygenisimportant・5  

Adisadvantageofmostofthephotochemicaland  
photodymamictreatmentsdevelopedtodateistheneed  
toaddandtoremovethesensitizerand／oritsbreakdown  

products．Analternativeinthis丘eldistheuseofUVlight  
alone．Thetheoredcally optimalwaveIength fbr DNA  
damage without the need for a photosensitizer is 
254Jm．thatis．in the UVC range．A UVC technique  
app匝glight of254nm has，a皿Ong Others，been  
describedbyC由11et－Fauquetandcolleagues6andshoⅥm  
tobe e丘bctiveintreatingpuri丘edplasma－derivedpro二  
ducts．UVC mainly causes dimerization of adjacent  
pyrimidinesアandthe rest山aultintranucleodde cro舅卜  
1inkabrogatessubsequentpathogenreplication．Inaddi－  
tion・UVCalsogen？rate＄打eeradicalssuchassinglet  
O叩gen．8  

tnthisstudy，WeeXploredthepotentjalofUVCirra－  
diationforpathogeninac也vationinPCs．Foradoseof  
5bolperm2，Wefoundgoodpathogenreductionforbac－  
teriaandabroadrangeofviruSeS（withtheexceptionof  
humanimmunodeficiencyviruS（HⅣ1）inamixtureof  
lOpercentplasmaandadditivesolution（Composol－PS，  
Freseniusf7emoCa柁．Emmer－Compascuum，theNe血er－  
1ands），withalimitede鮎ctonseveralinvitrovariablesof  

platelet（pIJ）qua山y  

N］ATERIALSAND METHODS   

PreparationofPCs  

PCswerepreparedfromwholeb100dJerivedbu呵COatS  
byamodi丘cationofthestandardprotocol．乳10Inshort，  
500±50mLofbloodfromnonremunerated，infbmed  
donors was collectedin 70mL of citrate－dextrose－  
phosphateinbottom－and－tOpbloodcollectionsystems  
（FreseniusHemoCare，Emmer－Compascuum．theNedler一  
Iands）．A触r collection，theblood was storedfor12to  

16hours at20±20C．11After centrihgation（2780×  

8min），thebloodwasseparatedinaplasma，buf＆coat，  
and redce11（RBC）fracdonwiththeaid ofasemiauto－  

mated component prepara也on device（Compomat G4，  

Fresenius HemoC訂e）．J2Three bu呵COatS WeremiⅩed  

together and240mL of Composol－PS（COnSisting of  
90mmol／L NaCl，5mmol／L KCl・1・5mmol／L MgC12，  
27mmol／L acetate，23mmoIIL gluconate，3．2mmol／L  

Citrate・pH7・0；Fresenius HemoCare）13was added by  
meansofsterdedocking・hsteadofalow－Speedcentrifu－  
gationsteptopreparethePC，thepooledbu坤COatSWere  

Sub5ected to a high－SPeed centrifugation（2780×g，  

8min），thesupernatantwasremoved，andanadditional  

180mLofComposol－PSwasaddedtolowertheplasma  
COntentOfthe点nalproduct・Thebu勒COatSWerethen  

Subjectedtoalow－Speedcentrifugation（5min，260×g），  

andthePl㌃richsupematantwastransftrredacrossaleu－  

koreduc也onfi1ter（CompostopCS，FreseniusHemoCare）  

toanemptyl．3－Lpolyvinylchloride（PVC）一Citratestorage  

bag（ComponeちFreseniusHemoCare）withtheuseofa  

CompomatG4・Thisprocedurehadayieldof60to享て 
65percentandresultedin PCswitharesidua】plasma  
COntentOfless than15perCent，aS determinedbythe  
protein contentofthecell一打ee supernatantand aPIJ  

COuntOfO・9×109tol．2×109permL・ResidualWちCsand  

RBCs wereless than O．1×106and O．01×109per mL，  

respecdvely．the detecdonlimits ofthe hematologic  
COunteruSed（Ac・T 

Netherlands）．Afterovernightstoragpat22±20C（hori－  

ZOnt山Iy shaking withlcycle／second；PIJihcubatoJI  

ModelPF96，HehleIINoblesville，IN），thePCw寧S＄plitinto  

two equalvolumesand theplasma concentmtiorlwas  
adjustedtolOperCent（byadditionofComposol－PS）or  

30percent（byadditionofautologousplasma）withequal  

PIJcounts．The爺nalPIJcountswereO．6x109too．8×109  

permL．ThePtJwasthenstibjectedtoUVCirradiationin  
portionsof5mL，withorwithoutpathogensadded，aS  

describedbelow  

Bench－SCa］e UVCirradiation  

TheUVCirradiationwasperわrmedasdescribedprevi－  
OuSly・6Briefly．unlessindicatedotherwise，5mLofspiked  
m盆terialwasirradiatedfromaboveinanopenpetridish  

（84mm in diameter）placed on an orbital shakef  
（50r．p．m．）．Thisresultedinafluidlayerwithathicknessof  
approximatelylmm．Theirradiqtiondeviceconsistedofa  
UVClampwithalow－PreSSuremerCuryafC（emissionline  
at254nm，Germicidal－15T／8，GeneralElectric．Fhi一点eld，  

CT），aVe轟ti）ator，：．Ⅲter．photoradiometerwithtJVsensor，  

alldtoothedrack．  

lnvitr01TleaSurementSOfPLJquality  

After UVCirradiation，5mL ofPC was transftrred to 
50－mLculturenaskswiththeadditionoflOmmolperL  
glucose，12mmolperLHCO3－，and5percentCO2inthe  
gasphaseandstoredfor5daysat22±20C（horizontal  

Volume48．February2008 TRANSFUSION 305  
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TERPSTRAETAL．  

Selection of viruses and cells 

ViruSeSWereSelectedforbeingblood－bomeandpatho－  
genicand／ortorepresentvariousgenometypes（RNAor  
DNA，Single・Ordouble－Stranded）andsizesandwithor  
withoutlipidenvelopes15・16c7hblel）．Fivelipid－enVeloped  

（LE）viruSeSWereuSed：bovineviraldiarrheaviruS（BVDVi  

lnOdelforhepa．titisCvirusIHCVl），HⅣ（relevantblood－  
bomeviruS），PSeudorabiesvirus（PRV；mOdelvirusforLEl′  
DNAviruSeSlikehepatitisBviruS［HBVl），tranSmissible  
gastroenteritisviruS（TGEVtmodelforthe coronaviruS  
CauSingsevereacuterespiratorYSymdrome），andvesicular  
StOmatitisviruS（VSV；mOdelfbr LE RNAviruSeS）．Tbo  

nonJipid－enVeloped（NLE）viruSeSWereuSed：Caninepaト  
VOvirus（CPV）andsimianviruS40（SV40），aSpeCificmodel  
for parvoviTuS B19and a generalmodelforNLE DNA  
viruses，reSpeCtive）y  

BⅥ〕V strain NADL（VRT534；ATCC，Rockviue．MD），  
WaSCl山l∬edonMDBKce11s（CCL－22；ATCC）andtitrated  

OnEB取ce11s（ID－Lelystad，theNetherlands）．HlVstrain  
lr・fTIN－IlIB（NationalCancerhstitute，Bethesda．MD），WaS  

cultured on H9 ce11s（National CancerInstitute）and  
titratedon MT2cells（Wbucome，Beckenham，UK）．PRV：  

Str率nAujeszkiBarthaK61（Duphar，Weesp．theNether－  
1ands）．wasc111turedandtitratedonVEROcells（CCL81；  
ATCC）．TGEVstrainPtlrdue（VR－763；ATCC），WaSC111tured  
and titrated on ST cells（CRL－1746；ATCC）．VSV strain  

Indiana（Sanquin PharmaceuticalServices，Amsterdam，  
the Netherldnds）．was cultured and仕trated on BHK21  
cells（CCL－10；ÅrCC）．CPVstrain780916（ErasmusUniver－  

sity Rotterdam，Rotterdam，the Netherlands），WaS Cul－  
tured and titrated on A了2cells（Erasm11S University  
Rotterdam）．SV40，Strain PML－2（VR－821；ÅrCC），WaS  
culturedandtitratedonBSC－1ce11s（Organon，Oss．the  
Netherlands）．  

Shakingwith1cycle／second）・Controlexperimentshad  
indicated thatthis down－SCaledversionofPLrstorage  
resultsinsimilarlossofPIJqualityasobservedinwhole  
PCsstoredinPVCbags（datanotshown）．Afterthestorage  
period，thePl血wereanalyzedforpIl（at370C）．CD62P  
expression．exposufe Of phosphatidylserine（PS），and  
lactateproduction・  

Theexpressior10ftheactivadonantigenCD62Pwas  
measured essential1y as described previously14 with  
minorrevisions．Briefly．Pl二鳥weredilutedtoaconcentTa－  
tionof3×108perml．withanelectrolytesolution（Isoto－  
nlI，BeckmanCoulter，Mijdrecht，theNedlerlands），and  
5pLofPIJsuspensionwasthenincubatedwith45叶Lof  
TsotoncontainingCD62Pantibody（CloneCLB－Thromb／6  
COnjugated with fluoresceinisothiocyanate【FrFC】，  
Imunotech，Marseille．France）for30minutesat220Cin  

thedark．Afterward．thePl二馳were爺ⅩedbyaddingO・5mL  
of O．5percent（VOl／vol）methanol一打ee formaldehyde  
（Polyscience，Inc．，Warrington，FA；dilutedinPBS）and  
analyzedviaflowcytometry（FACScan，BectonDickinson・  
Franklin Lakes，NT）．A paral1elincubationwith FITC－  
labeled murineimmunoglobulinG（SanquinReagents，  
Amsterdam，the Netherlands）was used as negative  
COntrOl．  

PSexposureaf（ertreatmelltandstoragewasdeter－  
minedbymeansofannexinVbindingasfo1lows・PI皿  
were d且uted to a concentration oflxlO8per mLin  
HEPESmedium（136mmol／L NaCl．3．2mmol／L KCl，  

2mmol／L MgSO4，1・2mmol／L K2HPO4，10mmol／L  
HEPES，pH7．4）．and20pLofPulsuspensionwasincu－  
batedwith180ド：LofHEPESmediuminthepresenceof  
annexinV－FITC（0．6トg／mLaddedfromastocksolution  
Of2501⊥g／mL，VPS Diagnostics，MijdTeCht．the Nether－  
1ands）and2．5mmolperLCaC12・Asnegativecontrol，al1  
Sampleswerealsostainedinthepresenceof2・5mmolper  
Lethyleneglycol－bis（beta－aminoethylether）－NN，N’，Ⅳ－  

tetraaceticacid．  

Lactate was measuredin cell一正ee supernatants  

（ObtainedbycentrifugationofPLrsamplesfor5mirLat  
14，000×g）byenzymadcconversionwith1actoperoxidase  
（TrinityBiotechplc，BraylIreland）．Ratesofla云tatepro－  
duction were calculated by comparison with cell－free  
SupematantSObtainedjustbeforeUVCirradiation・  

1bstforcytotoxicityandinterference  

Beforetheactualspikingexperiments，aSSaySWerePer－  

formed to determine cytotoxic e任ects ofthe plasma－  
Composolm反I11reOnthecelllinesusedfbrvirustitrations  
andinterferenceoftheplasma－Composolmixturewith  
the titration assays，aS described previously・17Brieny，  
thTeefoldserialdilutio11SOftheplasma－Composolmixture  

摘eso†thevirusesusedinUyCirradiation＄tudies  TA8LEl．Pro   

Size（nm）  Virus family Genome  Size（kb）  Modelvirusfor  Ⅵmsgroup  Ⅵms  

HCV  
Relevantvirus  

LargeLEdsDNAviruses  
SARS  
LargeLEssRN＾viruses  
HumanparvovirusB19  
HumanparvovirusB19  

SS RNA  lO・12  

2ssRNA  2×10  

ds DNA  140  

SS RNA  27－32  

SS RNA  lト15  

SS DNA  5  

ds DNA  30  

BVDV  37－50  日avi  

HIV  lOO  Retro  

PRV  lOO－200  日erpes  

TGEV  lOO－120  Corona  

VSV  75×180  Rhabdo  

CPV  18－26  Paf’VO  

SV40  45  Po吋Oma  

SS＝Slng暮e－Stranded；ds＝doubIe－StrandedこSARS＝SeVereaCulerespiratorysyndrome、  
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AAsamplesweretestedinserialdilutionsandforselected  
Samplesalsoa200一汁Lsamplewaspla（ed－induplicate．  
Subsequentlythenumberofbacteriawascountedand  
CFUvalueswerecalculated．  

RFswerecalculatedbytheformula  

RF＝log（totalamountofbacteriaspikedasderived丘・Om  
thereferencesample÷tOtalamountofbacteria  

recoveredfr6mthetreatedsample）．  

RESULJS   

Inafirstexplorativestudy，e瓜cacyofUVCirradiationfor  
viruSinacdvationwastestedbyspikingBVDVinCompo－  
SOIcontainingvaryingamountsofresidualplasma（5．10．  
and30％）intheabsenceofPlユ竜．Giventhepoorpenetra－  

tionofUVClightinplasma，aLneXperimentalsettingwitha  
thinplasmalayerofapproximatelylmmwaschosen．an  
Otbitalmixingspeedof50r．p．m．，UVCirradiationatよIlght  
intensityofO．25mWpercm2，てanddosesranging蝕）m  
250up tolOOOJper m2（1000J／m2equals exposure  
fbr400sec）．Forboththe5andthelOpercentplasma  
SuSpenSions，reductions of approximately6log were  
ObservedatlOOOJperm2．althoughthekineticsforthe  
lOpercent plasma suspensionwas clearly sIpwerthan  
the5perCentpIasmasuspension．hcaseof30・perCent  

plasma，thereductionwasapproximately2．61ogat10007  

perm2（Fig．1）．Althoughthesedataclea巾indicatedthdt  
theplasmaconcentrationshouldbekeptaslowaspos－  
Sible，WeuSedlOand30percentplasmainsubsequent  
experimentstoavoidcompromisingPIJqualitybeyomi  
acceptablelimits．  

The efkct ofUVCirradiation on PIJqualitywas  
evaluatedinasimilarexperimentalsetupasabove．Befbre  
analysis，thePIユ奄werestoredfor5daystoallowdetection  
Oflong－terme蝕ctsofthetreatment・InFig・2，pH，1actate  

WerePreparedandtestedonte11stodeterminecytotoxic－  
ity・Then，withthe丘rstdilutionoftheplasma－Composol  
mixturewithout cytotoxic efftcts，a knownamOunt Of  
viruSWaSSpikedandincubated・Subsequently，theinfec－  
tivity oftheviruSinoculum and the spiked plasma－  
Composolmixturewa＄meaSuredtodeterminepossible  
interfbrencewiththedelectionsystem．hnoneofthe  
virus assays，interfering e鮎cts were observed fbf the  
plasma－Composolm血IreSuSed・  

Virus assays 

InftctivitywasmeasuredinTCID5OaSSaySa皿dbu址culture  
tests．ForTCID50aSSayS，1－in－3serialdilutionsofsamples  
WereprepaLredinculturemediaand5p－PL（OrO・5mLfor  
HⅣ）volumesweretestedineightreplicates．Tbdetect  
SmallamountSOfviruS，uptO60mLofpredilutedsample  
WaSteStedinduplicatebulkculturetests，with25－and  
175－Cm2nasks．BVDV；CPVPRV；SV40．TGEVaLndVSVcuト  
tures were inspected microscopically for cytopathic 
e庁ectsat6，7，5，21，3，and4dayspostinftction，reSpeC－  
tivelyHⅣcultuTeSWereinspectedmicroscopical1ytwicea  
Weekfbrtheformationofsyncy血unti121dayspostinfbc－  
tion．Inallexperiments．viruStiterswerecalculatedbythe  
Sp？man－Kむbermethod18withtheexceptionofthefac－  
torialdesign experiment．in whichthe most probable  
numberJ9methodwasused，andtiterswereexpressedas  
TCtD50Per mLlf由1cultures were negative，the d（er  
（TCID50／mL）wasconsideredtobelessthanl÷tOtaltes［  
VOlume（mL）．  

Reduction 申CtOrS（RFs）were calculated by the  
bnnula  

RF＝log（totalamountofviruSSpikedasderived餌）m  
thereferencesample÷tOtalamOuntOfviruSreCOVered  

打omthetreatedsample）．  
producdon，CD62P expression，and PS exposure（as 

l  

Bacteriaa＄＄ay＄  

Forthese studiesfour di鮎rent bacteria，repreSenting  

potentialcontaminantsinPCsasderivedfromthescreenT  
lngreStiLbintheNetherlands－28wereselected：Sa2PZulo一  
助鱒＝画ぬ血倣＝軸内匝畝m＝W拙い加地面旭  
COli．andBacilELLSCeTeuS（foreachspecies，tWOdi蝕rent  
Clinicalisolates were used）・Bacterialstockswere pro－  

ducedbyovemightcultureonregularbloodagarplates，  
andcoIonieswerepickedanddilutedinPBStoacon－  
CentrationofappfOXimately3×107colony－fbrlnlngtmits  
（CFUs）permL．Af（ertreatment，SamPleswerecollected  
andtitratedinCFUassays：SampleswereserialtYduutedl  
inlOwithice－COldsaline．ForB．ceTmLS，afterUVCirradia－  

tionanextrasamplewastakenandgivenanadditional  
10minutes’incubationat800Ctocheckforspores．Sub－  
Sequendy，10－PLsamplesweretestedonbloodagarplates  
induplicateandincubatedat350Cduring18to24hours・  
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10（■），md30perc印l（▲）pla5ma．甘Ⅴ血hacdⅦ血nw舶  

testdh血血UVCi打adh血ninCompo＄01cont血如g5，10，Or  

30pe托e鵬p一郎ma；Rpval址eS（log）a托＄hoⅥ1・u癖1tintensity  

W鮎0．25mWpercm2，＄咽penSiondep血1mm，ando由比山  

nixing50r・p・m10perLSymboIsindicatem血IaJreductiot）・  
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measuredbyannexinVbinding）areshown，aSindicators  

OfPIJquality・hcreasingdosesofUVCresultedinaclear  
deterioradoninallofthesevariables，eSpeCial1yinthePCs  
SuSpendedin10percentplasma．ThepHhaddecreased  
from7．23to6．52with the highest UVC dose tested  
（Fig・2A），COnCOmitantwith anincreaseinlactate pro－  
duction（Fig．2B）・CD62P expressionincreased up to  
40percentafteradoseof500Jperm2andleveledo仔at  
highefdoses（Fig．2C），prObablyduetosheddingofthe  
antlgen．PSexposurealsoincreasedwithincreasingdoses  
OfUVC．butinlOpercentplasmaandwith500Jperm20f  
UVC，the PS exposure remained below 30percent  
（Fig■2D）・In30percentplasma，allPIJqualityindicators  
remainedwithin anacceptablerangeatallUVC doses  
tested，but，aS nOted above，under these circ11mStanCeS  

Vjrusinactivationmaybelimited．  
rrbfurtheroptimi2：etheUVCirradiation，threevarト  

ables，hghtintensity；Plasmapercentage，andPIJconcen－  
tration，WereteStedinafu11factorialdesign（induplicate）  
withinactiva【ionofBVDVasreadout．asdescribedpreviー  
OuSly17lnthisEactorialdesign，hghtintensitywastestedat  
O・25andl・OmWpercm2，perCentageplasmaatlOand  
30percent，andP【JconcentrationatOandl．0×109ce11s  

PermLTheirradiationdosewasfixedat500Jperm2  

basedontheresultsobtainedinthePIJqualityexperi－  
ments．andthedepthwasfixedatapproximatelvlmm．  
ResultsforthisseriesofexperimentsareshowninThble2．  
Linearregressionanalysisofthecompletedatasetshowed  
thatthepercentageplasmawasthemostimportantdeter－  
minantofUVCe脆cacy，withthehighestviruSreduction  

inthepresenceof10percentplasma・lnaddi60n，Light  
intensi［ywasalsoasignincantparameterwithhighest  
viruSreductionatO・25mWpercm2・Final1y，thepresence  
OrabsenceofPL指didhaveasigni魚cante鮎ctontheviruS  

reductionobtained，butthecontributing′e紆ectofthePLr  
COnCentrationwasslightlysma11erthantheothertwovari－  
ables．GiventherelativelowcontributionofthePI∫con－  

Centration，alJsl】bsequentviruSStudieswereperformed  
withtheoptimalsettingasdeterminedbythefactorial  
design（i・e・，10％plasma，0．25mW／cm2），butinthe  

absenceofPIユb．   

Tbdeterminethegeneralityoftheresultsobtained  
widlBVDVwetestedBVDVandsixadditionalviruseswith  

different genome type，Size，and envelope statusin a  

kinedcsetdngwithirradiationvaluesuptolOOOIperm2．  
For CPV TGEV a皿dVSV highviruS killwas observed．  

resultinginRFvaluesofgreaterthan4logalreadyat500J  
Perm2（SenSitiveviruSeS；Fig．3A）．ForBVDVandPRVthe  
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Re＄ult5S九州arethemean±SEMor6pCs．  
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DISCUSS［ON   

Theriskoftransmissionofpathogens  
viace11ularproducts，eSpeCial1yfbrPCs，  
is stiu a concem．Here we describe  

the potendal of a UVCirradiadon  
technique for pathogen inactivation  
inPCs．  

Becauseofthehighabsorbanceof  
UVClightbyhumanplasma，WeChose  
to study onlyPCs suspendedi11Syn－  
thetic mediumwith100r30percent  
residualplasma．Fromthe extinction  
COe飴cient per percentage of p）asma  
（experimentaJlydeterminedbyusina  
l－CmCuVetaSbeingclosetoO・3），itcan  
becalculatedthat，with al－mmlight  
pathas usedin most ofour experi－  
ments，50andlOpercentoftheUVC  
light will reach the bottom of the 
SuSpenSion with，reSpeCtively，10 0r  
30percent plasma present．1b avoid  

TÅBLE2．Factoria暮de＄ignforthreevariables（PIasma，1ightintensity，  
and Pu盲  

PL聴（Cells／mL）xlO9  RF（Iog）  Run Phsma［％】 Lightintensity（mW／cm2）  
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FactoぬJdesigntodeteminethe州uenceofthreevariabiesbercentageofplasma．  
［ightintensity．andabsenceorpresenceofPL・罷）onthee眈acyofUVCirradiationfor  
theinactjvationofBVDVinPCs．Thepercenta9eOfp［a＄maWaSteStedatlOand  
30percent．れelightinlensityatO・25andl・OmWpercm2・andthePLJconcentraぬn  
atoandl．0（CeI［s／mL）×109．Theirradiatjondosewasfixedat500Jperrn2，thedepth  
wasfixedatlmm，andorbnaJmixlngWaS50rlP・m・Theresu［tsforBVDVareshown  
asRF（1og）catculatedwiththemostprobab】enumberrnethod・18  

‘Ldead”volumesnotexposedtoUVC，We  

Chose the relative shortlight pathof  
lmm，realizingthatspecialcontainersofUV－Permeable  

plasticofsindarthicknesswouldberequiredwhenthe  
techniqueshouldbefurtherdevelopedintoabloodbank  
procedure．   

In our experimentalsetup，We theninvestigated  
whethervarymgan11mberofvariableslikepercentageof  
plasma，irradiationdose，andlightinten＄itywOuldresult  
incondjtionswitl－gOOdpathogeninactivationincombi－  
nationwithgoodPIJqt）alityAnacceptablecompromise  
wasfoundfbrlOpercentplasmainComposol，incom－  
binationwitha depthoflmm，alightintensity of  
O．25mWpercm2：andatotaldoseof5001permZ・These  
conditionsresultedingood（3－4log）inactivationfbrthe  
majorityofpathogenstestedwith0nlylimitedeffectson  
invitroPLTquality：Evidendy；thissetofconditionscan  
Only be taken as aroughindication，becauseinthis  
ex－loradvestudyneithertheirradiationnorthestorage  
resembled blood bank condi［ions aLndthe set of PLr  
quali【yvariableswaslimited・Theonlyqualityvarial）le  
fbrPCsmentionedinguidelinesisthepH－Whichshould  
bebelween6．4and7．4（at220C）accordingtoELLrOpean  

bloodbaTlkregulations・21Althoughthisconditionwas  
metund占rallconditionstested，theresultsoftheother  

in vitro qualityvariablesindicatedthatinlOpercent  
plasmawithdoseshigherthan5001perm2，PIJquality  
wasseriouslyafftcted・AnincreaseoflOto30percentin  
CD62P－pOSidvePI盈hasbeenreportedfbrstandardPC  
attheendoftheirshelflift（5－7days），14122Bwhereaswith  

CD62Pvalueshigherthan50percenttheinvivosurvival  
seemsa蝕cted・24PSe叩OSureduringstorageofstandard  
PCusu亜yrernainsbelow20percentattheendofthe  

Volurne48，February2008 TRANSFUS10N 309   

viruSkillwassomewhatloweもreSultinginapproximately  
3to4logat5001perm2，buteventuanymorethan5loga1  
10001perm2（medium－reSistantviruSeS；Fig・3B）・ForIiⅣ  

and飢極0，theviruSkiuwaslimitedtoapproximatelyllog  
at5001perm2andapproximately2logwithdosesupt？  
1000Jperm2（resistantviruSeS；Fig・3C）・Because ce止－  
associated（CA）viruS（intraceuularand／orboundtothe  
ce11ular membrane）may be more resistant to UVC  
damage，WealsotestedCAviruSwithHⅣasaresistant  
viruSandwithVSV as a sensitive血s．h bothcases，  

however，theC＾－viruSreSultsmimickedthoseobtained  

withthecorrespondingceJl－h’eeViruSeS，thatis，CAHⅣ  
was UVC－reSistant and CA VSV was UVC－SenSitive  

（Fig．3D）．  

TbfuftherexploretheresistanceofHⅣtoUVCirra－  
diadon．we testedtheefkctofirradiation doses up to  
4000Iperm2．AlthoughtheviruSkiuslow吋improvedwith  
increasingdoses，infbctiousviruSWaSStnlpresenteven  
af［erirradiationat4000Jperm2（RF＝3・5log；datanot  
Shown）．  

Finanyweinvestigatedthee鮎ctofUVCirradiation  
Onthesurvivalofbacteria．Fxpefimentswereperformed  
withthesamesettingsasfbrthevirusstudies・trradiation  

at250Jperm2resultedingreaterthan4logreductionぬr  
S・ePhiermidis，S・auTYZLS，and且COliandgreaterthan510g  
at500Jperm2．lnthecaseof且ceTeuS，theb11at500Jper  
mヱwaslimitedtoapproximately3log（Fig・4）・Anincrease  
tolOOOJperm2restiltedin′areductionof3・7log（data  

not shown）．Whenafter tJVCirradiation，however，the  

B．ceTYuSSampleswereincubatedfbrlOminutesat800C，  
ausampleswerebelowthedetectionlimit（＜0・5log）・  
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Fig・3・lnactivationofdi助托mtViruSeSbytmimdiation・VimsinactivationbylJVCirradhIionwastestedinComposoIcont血ing  

lOpemntpIぉma；Rpvalue＄¢0由a代Shown・ExperimenIdcondition＄WereaSdes血dh也elegendto罰払l．仏）馳m＄itivモ  

Vimses（Jl＝CPV；▲＝TGEV；●＝VSV）；P）medium－ー出血taJltViruses（（＝））VDVtA＝PRV）；（C）resistantviru＄eS（L＝打ⅠⅥ▲＝SV40）；  

P）CA血es（■＝G九HⅣ；▲＝CAVSV）．Op印Syllbo18indicatem血托d山cti01LResult＄＄homaれerepre8entativebratle鮎t  

twIeXperiments．  

Shelf）ifb，22・23butsofhrtherearenodataaboutcorrela－  

tionofPSexposureandinvivosurvival．   
hahctorialdesign，itwasshownthatthepercent－  

ageofresidualplasmawasthema】OrVariablea茸ecting  

theoutcomeofthe UVCirradiations．Asexpected，the  

PerCentage Of plasma resultedinopposite e鮎cts on  

pathogeninacdvationandPIJqualityTbalesserextent，  
thisoppositee鮎ctwasalsofbundforthelightintensity，  
WhereasthepresenceorabsenceofPlユihadarelatively  
minor．althoughsigni丘cant．effectonpathogeninactiva－  
tion・The presence ofPm，feSultingln a decrease of  
approximatelyllog・Ofpathogeninactivadon，Sl10uldbe  

takenintoacco11ntininterpretingmuchofourinactiva－  
tioIldata．Furthermore，the necessity tOIower the  

residualplasma concentration to guarantee su瓜cient  
pathogeninactivationwi11requlreadjustmentOfcurrent  
procedures to produce suitable PCs，butit has been  
Showninearlierstudies25261hatthismaybeachievable．  
BecauseUVCirradiationresultsineitraglucosecon，  
SumPtion，additionaJmeasures sllOuld be taken to  
ensureprovisionofglucose．  
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Ⅰ†wasanticipatedthatincaseofbacteria，highinac二  
tivation valueswould be observed6and thiswasindeed  

the caseforallbacteria tested．with the exception of  
B．ceTmLS．The reason for the decreased sensitivity of  
B．ceTYuSisnotquiteclear，butonemightspeculatethat  
formationofsporesplaysarole・Ithasbeenshownthat  
BacillussporesarelOto20timesmoreresistanttoUVC  
irradiation；27thusformationofsporesqancauseasubop－  
timalki1lofBacillus．Becausefresl止ypreparedbacteria  

Cultureswereusedcontainlngrelativelylowamountsof  
SpOreS（asdeterminedbyspecificstainingofspores．data  
notshown），however，ahigherresistancetowaLdUVCirra－  
diationbfβ．celVuSitselfcompared to other bacteria  
is also a possible explanation．28・2g Morewer，the UVC－  
SurvivhgbacteriaWerekiueduponincubationat800Cbr  
lOminutes，atreatmentlhatsporeswillsurvive，alsoindiT  

CatingthatB・CeTeuSitselfhasahigherresistancetoward  
UVC．  

WefoundabroadspectrumofviralsensitivitvtoUVC  
irradiation．ForCPVTGEVandVSVwefoundveryhigh  
inactivation，WhereastheinactivationforBVDVandPRV   



UVC（RRADfATlONOFPLTCONCENTRATES  

discrepancy remains unclear，eSPeCia11y because the  
possible explana仕on ofceulineTdependentrepalrCan  

beru1edout，becausebothstudiespropagatedtheviruSin  

thecelllineBSC．  

Considering the ranking of virus inactivation as 
Observedinthis s餌dy■and as predicted by吋11e aJld  
Sagripand．34it can be conduded that single－Stranded  
DNAorRNAvirusesaree鱈ectivelyinactivatedbyUVC  

irradiation．This co11魚rms that UVCis distinct 丘om  

SeVeral0thertechniqueswithrespecttoitscapacityto  
inactivatetheNLEviruseslikeparvoviruSB19andHJN  
This e鮎ctive elimination of NLE viruSeS，COmbined  

With B19contaminationinseveralblood and plasma  
PrOducts．rendersthistechni亘ueinterestingbr良1rther  

consideration．  

SV40hasbeenregardedtobeaveryresistantvirus  
andwaLSOftenusedinthepastasageneraJmodelforNLE  
ViruSeSwith a DNA genome（1ike parvovirus B19）．At  
present，however，SpeCi且cmodelviruSeSfbrpaⅣ0viruS  
B19areappliedand／orpaⅣOViruSB19itself．Giventhe  
fhctthatCPVisveryeqectivelyinactivatedbyUVCirradia－  
tion．therelevanceofSV40asmodelvirusforpaTVOViruS  
B19canbequestioned．Wtdorecommend，however，COn－  
tinulngStudieswithSWOasageneralmodelviruSaSthis  
ViruSmayberepre＄entativefbrnewcurren也yunknown  

threats to the blood supfilylhdeed，theinab丑ity of  
UVCifradiationtoinactivateviruSeSWithsmandouble－  

StrandedgenomeslikeSV亜inustratespossiblelimita－  
donsof血始仕eamen†．  

BVDVandPRVaree蝕ctivelyinactivated，although  
thekineticsareslowercomparedtothesensitivegroupof  
viruses．Therefore，itisexpectedthatUVCiscap白・bleof  
inactivatingproblematicblood－borneviruSeSlikeHBV  
andHCV：TheinabilityOfUVCirradiationtosu伍・Ciendy  
inactivateHIVaveryrelevantvirus，however，isamaJOr  
disadvantage．Thereseemtobeseveralreasonsfbrdle  
resistanceofHⅣtoUVCjmdjatjon．HⅣisaretroviruS  

W址h a smau RNA genome．It has a slngle－Stranded  
genome，buteachvirionencapsulatestwocopleSOfthe  
ViralRNA山ataretightlylinkedandmightserveaseach  
Other，sback一山pmcaseofUVC－induceddamage．hdeed，  
StraLldtransfbrsduringreversetransctiptionareaninte一  

許dpa正Of血efIⅣ出鮎甲Cle・35  

Theobser陀tionthatUVCdoesnoteffectivelyinacti－  
VateHⅣmaybepartianycompensatedbycarefu1and  
e飽cientdonor＄CreeningforHIV：BothspeciGcantibody  
amiNArarc routinelyperformed aJldtheriskofHⅣ  
transmissionviaceuularproductsisestimatedtobeless  
thanlinlmi1hon．361i70neshouldagainkeeplnmihd・  
however，thatnewvin1SeSmayemergeWithsimilarchar－  
acteristiびaSHⅣthatwouldnotbea鮎ctedbythistreat－  
mentinitscurrentstate．Giventhebroadinactivation－of  

bacteriaandviruSeS，Webelieve，however，thatUVCirra－  
diationforPCsisapromlSlngteChnologythatwaJTar）tS  
furtherinvestigadon．  
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8∝teriahacdⅦtlon坤lⅣCi汀a戯ado瓜W鮎teStdhCompo一  
紳】∝瓜t血g10pen光ntplasma；RFv山ue＄（b幻打eShowm  

Experh博nt山condidonswe柁鮎desαi旭h血el喝eれd  
to軸1．Ope山野止血bh血qtemむdm山rdu仇ion・R舶山Is  

血州a托柁p一朗e皿t摘VeOflwo叩e血emb・  

waslessandslower．hthecaseofHⅣaLndSV40．theinac－  

tivationwasverylimi［edandonlylto2logwasobserved・  
hcreasmg doses of UVCirradiation alsoinduced  
bcreased4amagetoHⅣEvenadoseor40001perm2，  
however；didnotresultincompleteinactivation．hterest－  
indy；thee伍cacyofUVCwasnQtdi鮎rentfbrceu一鉦eeand  
CAviruSbecauseCAHIVandCAVSVshowedsusceptibili－  
tiesverysimilartothecorrespondingce11・h・eeviruS．¶1is  
indicatesthatthe presence ofinfected ce11sis not竿n  
impedimentforvirusinactivatjonwithUVCjTTadiation，  
providedthatthevirusiJlqueStionissensidvetoUVC  
irradiation．   

J3asedonourresultswewouldranktheviruSeSinthe  

fbllowingorderwithrespecttoUVCsensitivity：TGEV＞  
VSV＞CPV＞PRV＞BVDV＞HIV＞SV40．Thisrankingis  
exactlyinliTlewithpreviousobservationsandtheoretical  
COnSidera血nspostt）latingthatUVCisespecial1ye任bctive  
OnviruSeSwith1argegenomes（i・e・，PⅣ）30aLndonviruSeS  
with single－Stfanded nudeic acid genomes（i．e．，TGEV  
VSVandCPV）．3）F豆止hermore．ithasbeendescribedthat  

RNAislessseverelydamagedthanDNA，becausepyrimi－  
dinedimersandmorespecific血Iythyminearethemost  
frequentlesionscausedbyUVCifradiation・70urresults  
arealsojn血ewithC由1let－Fauquetandcoworkers6wllO  
determinedasensitivityofMVM＞EMC＞8HVandLiand  
CO11eAgues32whoshowedasensitivityofCPV＞mV＞  
fW＞PRVⅥねngand cowo止ers，カhoweveち陀pO正ed  

SV40tobehighlysensitive，mOreOrlesscomparableto  
parv0viruS．lncontrast，WefoundthatSV40isveryresis－  
tant，SimilartotheresistancefoundfbrHTV；asw鱒aIso  
predictedbyl〆IeandSagripa皿ti．31TTlereaSOnforthis  
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