
Background：Arthoughinthelastdecadesthankstotheimplementationofseveralmeth∝】slikedonorse】ection andtesting procedurestheriskofvirus  
transmissionfromplasmahasdecreased，infectionofpatientsstillexists・AdditionaIIynewviruseslikeWestNileVrusenterthetransfusionchain・Therefore，the  
treatmentoftherapeuticplasmawith methyLeneblue（MB）isatechniqueusedinseverarEuropeancounthesforvirusiりaC廿vation・MacoPharmahas  
deve10Pedtheproprietaryphot（dynamicTheraflexMB－PlasmabagsystemincIudingaMBp州，aniLruminationsystem（Ma∝OtrOnlC）withvisibleLight，andafinaI  
MBflltrationstepwiththeBlueflexf11ter（WiIIiamsonetal・lTansfusion2003；43：1322－1329）・   

Aims＝Aimof廿1isstudywastoshowthereduct10nOfMBandphotoproductsdueto廿1eBlueflexfilterandtoprovethereproducibiIityofthefiItrationefficiency・  
Add汁ionallythequalityoftheplasmaafter15monthstoragewaschecked・  

18plasmaswe佗tr飽tedatth憺ed伽tdays，Atd桁erEntStq〕SOftheTheranexMB－Plasmapr∝eduretheMBand画Ot叩一血uctcontentwasm飽SuredbyHPLC，W付ch  
wasdescバヒ拾dpr即icus～ObT）（氾rtetaJ．2CO3；lSBTIstanbuIP246）・Me誠ureme＝tWaSdoneafterdissdutionofheMBpIEF，aftgiIIuminalon，andafter冊rat［On（Rg・2）・  

AteachdayplasmawaspodedanddividedjntosevgaJstoragebags（StCragetemPgahre＜－300C）・Atd他「即＝mepcmtsapaJetteofplasmafactorswasmeasur∝】・  
1．g10baJtestsPuick，lNR・aPl「thrombintime）  
2．coagulatlOnfactcrs阿bhnogen，F”，FVFV”，FV”l：C，F［X，FX，FXl，FX”，FX”l，VWFRistocednCo－Factor）  
3．1nhibrtcrs笹1‾llL，ProtejnC，ProtelnS）  
4．Rb血0レSis『Iasmininhibito仁alpha－1T舟1trtryPSln，Plasmin呼∩）  
5．Ccmplement（CH50，C3a）  
6．ActNation叩町FXlb，D－Dimer）  

Test   しm什s     Un一： 0monIh  6month  9monlh   15month  匝  
1．Gob81t¢或S  

伽ICk  80－130  十十  98  土  2  105  ェ  3  94  ±  2  93  土   3   
lNR  1，0  土  0．0 1．D l O1   11  ±  0．1  1．1 土  01   

aPTT  30－60  SeC  34  上  1 135  士 1   34  ⊥  1  35  土  1   
mromb汀Itime  14－21  SeC  22．7  土  07  23  上 1，0  23  土 1．0  22  上 1．0   

2，C（〉agul虞bl血d耶   

FトbrトnoQen  1．8－35  q／L  2．4  ⊥  0，1  23  上 0．2  2．4  上  02  2．4  上  0．1   
Fll  70－130  朝一  99  土   4  104  上  4  1D6  土  7  105 上 12   
FV  65－150  ％   101 土   3  99  上  6  103  士  9  101 上 10   
FVll  70－130  ％  103  上   8  119  上  9  108  上  3  102  ⊥  4   
FVlll：C  050－2．00  ．∪．ノ／ml  0．81 土  015  0．83  ⊥ 0．12  0，92  士 0．16  0．87 土 0，11   
FIX  0．70－1．30  l．∪．ノ／ml  1，00 土 005  弓D．92 ⊥ 0．04  0，98  土 0．D4  0．94 土  0，04   
FX  70－130  ％  106 上  6  108  ⊥  5  111  土  7  98  土  3   
FXl  汽∩＿11∩  勤，  只P  ＋  ク  qク   十   3  只3   十  1  只3  十   4   
FXll  7∩－11∩  ト＋  q7  十  1∩  1nl  十 11  qq  † 1∩  q只  十  11   
F＼＝  70・130  りう  L 81  土  11   77  土  7  75  土  4  85  土  9   

3．1nhib汁ors  

AT‖  0．80－1．30  l∪，／ml  112 上 0．08  ；1．02  土 00自  1．06  ⊥ 0．07  099 土 8．06   
ProteinC  70・150  ％  110  土  7  109  土  6  116  土  6  110 土  3   
Prot由nS  70－140  ％  75  ェ  7  70  土  2  76  上  2    81 上  2   

4．Fl加noIys18  

PIasnlIninhibnor  80－120  ％  103  ⊥   4  101 上  3  103  土  6  105 土 10   
alpha－1－Antirvpsin  L O．70－1．50  l∪／m  1．14  土  003  1．12  土 007  1．24  上 0，09  120 上 0．08   
PlasnllnOqen  75－140  ％  102 上  7 105 1 8   12⊥  上 11  104 土 10   

5．Compl8m8nt  

CH50  70・100  ％  116  土  14  110  上 11  108  工  5  114 土  8   

VWF伸docC（．F  50－140  十＼  85  土  8  81  土 1g  94  ⊥ 13  95  ±  7  

「  

C3a  123・2228  nq／mr  1029 土 323  1106 上 596  898  土 332  921 土 217   

6．Ad付alim  

W  1－4．1  リ（l／l  2．1  上  0．2  24  土 0．5  2．0  上  00  22  上  0，7   
FX”a  ＜30  nq／m  1．0  上  0．2  D9  土 01  1．3  上  06  10  ⊥  0．0   

D－Dlmer  糾▲246  い〔／1  241上1201239 土131   199  上  97 225 ± 122   L  

FglStoragestab冊yofTheraflexMBLPlasma  

”luminationofMB－COntainingplasmawrthvisiblelightusingtheMacotronjc  
i”uminationdeviceresurtedjnthegeneratbnofphotoproductsasdescribed  
PreViously．Meanreductionofthetotal帥enothiazinecontentwas94・5％・  

Everysinglefirtrationyieldedinafi［trationefficiencyofminimum91％・The  

meanreductioncapacityforMBwasabove99．9％．  

Therewasnoslgnificantchangeintheplasmafactorcontentaftertreatment  
duringthewhoLe15monthstorageperiod．Slightvariationsarewithinthe  
errorofmeasur餅†1ent．TheonLyd折erencebetweentheplasnlaParameterS  
resし州edfromthetreatmentrtself．Here，anincreaseinthelNRandaPIT  
（14．3％；18．2％），decreaseoffibrinogen（－19・3％），f紅tOrV（－25・3％），  

factorV‖（T21．8％），factorlX（－25．6％），factorX（一23・4％），andfactorXl  

（r16．8％）wasobserved．Despitethisvariationsthevalueswerewithinthe  
rangesfoundinnon－treatedplasma・  Fg 2 MethyleneblueandphotoprockJCtreduct10ndueto〔引ufexfthratIOn  

ThefiltrationofplasmawiththeBluef［exfi什erisareliablemethodtoreducetheamountofMBandphotoproductssubstantially・  
・▲▲・＿ ＿  ▲＿▲ ＿ ▲ ▲ ＿⊥＿ ▲l l一 一 一   



Background：AL仇oughin廿1elastdecadesthankstotheimplementationofseveralmethodslikedonorsdect10nandtestingprocedurestheriskofvirus  
transmissionf「OmPlasmahasdecr飽Sed，infectionofpatientsstlllexIStS・AdditionalレnewvirusesIikeW？StNileV仙senter廿1etranSfusionchain［1】・  
Therefore，加ephot（カynamictreatmentoftherapeuticpIasmawThmethylenebIue（MB）isatechniqueusedinseverdEu「opeancountriesforpathogen  
inactivation［2】．MacoPharmahasdevelopedtheproprietaryTheraflexODMB－PIasmabagsystemincludingaMBpi”andafinaFMB刷trationstep．  

Ajm：AmoftheshJdyistoshowthequaI吋Of81eMBplasrnadunngthepreparabcnprccedureanddu血gstoageushg廿1eTherdeがsystem桓翌Figurel）・  

恥p訂abon和りCeSS  
Fcrtheprepau’at10nPrCKm餅erySJnglestq〕WaSeNaJuatedusing18singIe  
donorpIasmaun汁s．For廿1eeValuatlOnOftheplasmafactors5mlweredrawn  
atd冊㈹「tStageS恒eeFigure2）．1lleS訂TIPl馬WerePWledafterdravvingamd  
me9Suredfor廿1eq3eClfledfactors．9xsampIesofeachstagewerep（追Iedat  
threedays．Avd10IepanelofpIasmafactorswasmeasuredfq′there9」Itlng  
threepooIs（SeeFigure3）．  

Sb囲i吋  
Stabilitydataweregenerated uslngthreeplasmapooIs・Sjx plasmaswere  
POOledandafterwardsdividedintosixaJiquots．Eachwas廿飽tedasslngIeunrt  
andthen飽Chwasdh／idedintosixsto′ageSamPles・llleSamePlasmafactors  
asforthemanufacturlngPrOCeSSWereeValuated・  
MBandphotoprductcontentwasbdcwthedet∝七onlimitasprevioudy  
descrlbed［3］．  

F勺∪怜1◆¶℃旧【eでMEトRぉ∩ⅦねヨSyStem  

句Ulモ21bm印喝Sd耶  

ln－Pl℃CeSSCOntr0l   Storagestability  

・－  

伽。。ul鵬m州仙洞  

．  ・㌧．L．L．∴  ・＿ ．＿ 

RgけモまR訂Om坤0†廟鵬on什om廿℃∽Ur∝d衿Illabr（一伽1t山a闘†血dl¶咽Stαa鮮血廿如t A納陀幅hw両氏af一計M＿AS4恥aton；α細kMB酬鷹印加門口H州胞ill血∩薗on，E8t餅肌Idex仙a七m   

AllinvestigatedplasmafactorsremainedstabIeduringtheinvestigatedstoragetime．Amoderatereductjonforsomecoagulationfactors  
duringthepreparationwasfoundintheiIJuminationstepbutnotintheotherpreparationstages．Thiswasmainlyfibrinogen（17，5％），  
factorV”l（22，2％），andfactorX（13，4％）．Despitethisreductionthevalueswerewrthintherangesfoundinnon－treatedplasma．  

Plasma廿eatedwiththeTheraf［exprocedureshowedslightreductionduringtreatmentandno reductionduringstorage．Allplasma  

factorsremainedw旧1inthethresholdvalues．The廿eatmentoftherapeuticplasmawithMBisavalidtechniqueofpathogeninactivation・  

10  
【1】WestNileviru＄inpIasmaishighbs即SitivetomethyIqleblLJe－1ightt憫tmentMohretaI，Tねnsfusion2004；44：886r890  
【2］MethyIeneblue・treatedfre＄h⊥lrDZenPlasma：Whatisねcontributiontobl00dsafety？UvIWiIFiamsonetal，Transfu＄ion2003；43：1322－1329  

【3］FirL帽tionofMethyloneEheandPhotoprDductsafterPhotodynamjc¶でatrner†tOfPLasmausingbLUEFLEXTth，rF：〉00rtetal，2003VIIIEuroFeanISBTCongressP245   



PRl三PARATIONOFMETHYLENEBLUE－TREATED   
PLASMAUNDERWORST－CASECONDITIONS   

一INFLUENCEONQUALITYANDSTABILITY－  
GravemannUl′PohlerPl，Rei亡henbergS2，BuddeU3，WalkerW2，MohrHl′MiulerTHl  

lBIoodCenteroftheGermanRedCross／ChaptersofNSTOB′lnstituteSpringeJGermany2Ma（OPharmalntematlOnal′LangenJGermany  
3coagulatlOnLaboratory′LaboratoryProfAmdt＆Partners′Hamburg′Germany  

DGTI Congress, Erfurt, 2005 

INTRODUCTION   

Treatmentwithmethyleneblue（MB）andlightisawell－knownprocedurefortheinactivationofblood－bomev止usesinFreshFrozen  

Plasma（FFP）・ThepurposeofthisstudywastoassessthequalityandstabilityofMB／1ight－treatedplasma（MBplasma）processedby  
theMacoPharmaTheraflexMB－Plasmaせsystem・Preparationwasdoneunderworstcaseconditionsforroutineproeessngtoevaluate  
theworstplasmaqualitytobeexpectedduringproduction・  

Mt：THODS   

12singledonorunitsofMB／1ighttreatedplasmawerepreparedusingtheMacoPharmaTheraflexMB－Plasma㊥system．preparation  
includedleukocytedepletion（Plasmanex－filter）′additionofmethyleneblue（MB－Pill）priortoilluminat10nanddepletionofMBand  

Photoproducts（Bluenex－filter）aftertreatment・Samplesweretakenbeforetreatmentandfromthefinalproduct．Fortheassessmentof  
Stability′Plasmafrom fourdifferentplasmapooIswasphotodynami〔allytreated andstoredforupto9months・Treatmentwasdone  
underworst－CaSeCOnditionsforthepreservationofproductquality：maXimumMBconcentrationduringillumination（1・15叩一01／1），  

maximum＄tOragetimeofwholebloodbeforeseparation（40C′17h）′maXimumstoragetimeofMBplasmabeforefreezing（1h）・  

Rt：SULTS   

Thrombintime，fibrinogen（Clauss）′faetorsV，Vlll′XIandproteinC weresignificantlyalteredbyMB／1ighttreatment，Whileanti－  

thrombinllI（ATllI）′VWF：RCo′VWFcleavingprotease（vWFCP）′Plasmininhibitorand（11－antitrypsinremainedtnchanged（Fig・1）・  

Therewasnoactivationofthecoagulationmarkers（Fl＋2，D－dimers）attributedtothevirusinactivationpro（edureincludingthe  

filtrationstepsEorleukocytedepletionandMBaLndphotoproductdepletion・TheinnuenceoEeachmaLnufa〔turlngStePOntheactivityof  

COagulation factors wasinvestigated using three plasma pooIsIMost of the aetivity waslost duringillumination（Fig・2）・ALter  

i11uminationMBanditsphotoproducts（azureA，aZureB，aZureC）weredepletedbyBlueflexfiltration（Fig3）toafinal〔OnCentrationoE  

＜0・1llmOl／1（MB＋SumOfphotoproduets）・StabilityofMB－Plasmawastestedduringstorageat－30OCforupto9months（Fig4）・Stability  

testingwi11becontinuedforatotalof27months・  

Fig・1hfluen〔eOftheMB／1ighttreatm即tOnPlasmaquality  
（datafrom12singledonorしmtS′treatmentunderworst－⊂aSe  
（On山hons）  

Fig・2hfluenceofthehdlvidualrnanufa⊂turngStePSOnPlasmaquality  
（datafromthreepooIs）  

Fig3DepletionefficacyoftheBlueflexfuter  
（datafrom12shgledonort血ts）  

Fig・4StabilityofMB／ugl1t－treatedplasma   
（datafrom4pooIs，′tTeatmentunderworsトease〔Ondltions）  

CONCLUSIONS   

Evenunderworst－CaSeCOnditions′PhotodymamictreatmentofTTFPusingtheTheraflexMB－Plasma㊥systernonlymoderatelyaffeets  

theactivitiesofcoagulationfactors・rmeBlueflex－filterdepletesMBanditsphotoproductsbyover90％afterphotodynamictreatment・  
StorageofMBplasmaforupto9monthshadnoeffe（tOnCOagulationfactors・   



THERAFLEX－MB PLASMA  

Coagulationfactorsandactivationparameters  

Activated partial 

thromboplastintimetest  l．12   1．26   1．05   1．18   1．1  3  1．22   1．27   
（ratio）  

Fibrinogen   2－4   3．11   2．29   2，94   2．04   3．0  3  2．28   2．36   

FactorII（％）   70－120  102   98   98   95，1   95．  1  86．7   92．3   

FactorV（％）   70－120  102．2   94．1   89．5   83．2   105  ．7  98．1   96．4   

FactorVII（％）   70－130  113．1   101．9   106．1   92．1   107  ．6  100．6   104．2   

FactorVIII（％）   60－150  100．6   73，5   101，1   76．1   4  89．5   86．1   

FactorIX（％）   60－150  9（；，5   78．8   98．6   86   99．  2  78．9   85．7   

FactorX（％）   70－120  105．9   95．3   106．9   92．6   97．  3  91．7   92．3   

FactorXI（％）   60－140  90．9   75．3   86．7   64．4   85．  5  70．8   65．7   

FactorXII（％）   60－140  103．7   92．6   110．5   99．9   98．  4  96   93．9   

AntithrombinIII（％）   80－120  104．8   89．9   104．4   101．9   105  ．8  103．7   93．9   

ProteinC（％）   70－140  110．9   105．3   108．4   103   120  ．7  112，9   112．6   

ProteinS（％）   70－140  82，6   78．6   81．6   71．2   83．  8  77．6   81．4   

VWillebrandFactorCoF  
ristocetin（％）   60－150  97．6   92．9   87．4   84   143  ．6  137．4   138．6   

VonWillebrandFactorAg  

（％）   
60－150  134，6   118．2   130．3   128   143  ．6  121．8   122．2   

Plasminogen（％）   80－120  102．7   100．9   100．8   96．9   103  ．6  101．6   101．6   

α2－antiplasmin（％）   80－120  111．9   107．7   106．2   104．2   112  ．5  10（i．5   107．7   

C3a（mg／1）   100＿400  134．8   134．1   146．8   143．1   124  ．2  125．5   124．0   

C5a（いg／1）   0．9－15．4  10．9   14．1   15．1   23．9   7．5   8．3   10．9   

FactorXIIa（ng／ml）   く3．0   2．39   2．22   2．87   2．63   2．5  7  1，79   2．49   

Fl＋2prothrombin  

（nmol／1）   
0．4－1，1  0．99   1．20   0．88   0．87   0．7  9  0．72   0．78   

Plateletfactor4（UI／ml）  56－805  317．2   301．1   413．9   375．4   186  ．9  197．2   208   

A：Plasmabeforecontactwlthmethyleneblue  

AbニPlasmaaftervisiblelight（Plasmas31to40）  

B MBTremOVedPlasmabefbrefreezlng  

C：MBPlasmaafter6monthsat－30C）C  

D：MB－remOVedPlasmaafter6monthsat－300C  

∴   12  

ⅩⅠ2IAO3E  26／09／2005  



THERAFLEX－MB Plasma  

ProcesslngPrLnCIPle  

Methy［eneBlue   

molecule  

MacoPharmaMethyleneBIuePill   

（85L］g／unitofplasma）  

川uminationofplasma＋MethyleneBlue  
（590nm，180」／cm2）  

－lntercaIation ofMBinto nucleicacids  

－ExcitationofMBbyvisibIelight  

－Oxidation ofGuanosine  

－DegradationofnluCleicacids  

The combined action of Methylene BIue andl  

Photodynamic process which b10Cks transcrlP  

replicationofviralRNAandDNA．  
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PJ10fo－f〃aCffvaffo〃l〝℃Cedureofm亡尺AFLEY」〃βPLAS〟A   

200－315m10f   

Plasma  
（Aphaeresisor  
l〟holeB100d）  

FiItration of  
plasma and 
dissolutionof   
the MB Pill  

lllumination of 
Plasma＋MBwith  
the Macotronic  
V4  

MBremovalby  
fiItrationwith  
Blueflex  

Plasma  
freezlng  

．′   
MqcoPhormo  xI2IAO4G  1311／09／2007  



THERAFLEX－MB PJasma  
Examplesofsystemsandtreatments  

VVhole BloodPlasmawith MBtreatment  

BSVsystem：PlasmafiltrationwithPlasma打ex  
＞MBPi”dissolution＞illumination  

！・…－ ’コ・  
VVhole Blood Plasmawith MBtreatmentand MB removal  

■  ●   

ll  
SDVsystem二PlasmafiltrationwithPlasmafJex  
＞MB Pj”dissolution＞ilrumination＞ MB removaI  

With Blueflex  

haeresis Plasma二distributionin2units  

■－－・t‥  

・・・・・・・・・一－－－－→  

l 

・ミ・：・ 

㌻   

くニー 
． ．  

i紬さ  
SPVsystem：finrationoftheaphaeresisunn  
W旺h Plasmaflex MB PiHdissolution anddistribution  
in2un旺S＞i”umination＞MB removaIw旺h BIuefJex  

■  ● ■  ●  

＋； 

：iiii  
SDVsystem：PlasmafiltrationwithPlasma¶ex＞  
MB Pi”dissolution＞illumination＞ MBremova［with  
B山eflex  

ADhaeresis Plasma 二distributionin3units  

unitwithPlasmaflexanddistributionin3unitswiththe  
BSVsystem．ConnectionofeachunittoaZDV  
SyStem：MBPiIIdissolution＞i”umination＞MB  

removalwith Blueflex   

＊－1，′〟仙り・り〃甘、／り′・／血・、仙ハ′り′v〃・l・l〟l・t′…′＝り′′・ソ川イ・′・・、・－川け′心〃＝・′仙・t′州Jり廿・・・ヾ川・tJ…ハ仙血、  

M（】COPh（】rm（】  xI2IAO4G  1411／09／2007   



RI川川W  

Methyleneblue－treatedfresh－frozenplasma：   

Whatisitscontributiontobloodsafety写  

J＝・J＝．1J．1川J／…J…川．J仙‘…J（．ン…J／g…＝…（ノー・－JけJ∫l：J恒〃川●  

Hospitalinthe1950s・二iwhenactivatedbyvisiblelight・MB  
generatesreactiveoxygenspecies，mainlysingletoxygen，  
tJlrOughalヤPellphotodynamicreaction，anditisthese  

thatareresponsibleforitspathogeninactivatingproper，  
ties∴i5TheorlglnalsystemdevelopedinSpringe・Germany・  

used aninitialfreeze－thawstep todisruptintactWBCs，  

then added an amount of MB solution calibrated to the 

Weightoftheplasmapack，tOaChievepreciselythesame  
MB concentrationin every pack．Later systems（Baxter  

andMacopharma）developedforsmau－SCaleuseinblood  
centers involve sterile connection of the plasma pack 
（beforeorafterfreezing）toapackwithaWBC－reduction  
filterupstreamofaliquidpouchoradrype11etcontaining  
85to95LlgOfMB（Fig・2）・ToachievethedesiredfinalMB  
concentrationoflLIM，theinputplasmavolumehastobe  
withina200－tO－300－mLrange，SO600－mLapheresisunits  
requiresplitting・lnboththeSpringeandcommerciaJsys－  
tems，theMBFFPpacksarethenexposedtovisiblewave－  
1engths oflight to activate the MB・Becauseitis not  
possibletousetheequivaIentofradiation－SenSitivelabels  
toconfirmillumination，thelight－eXPOSureSyStemmuSt  

be designed to ensure good manufacturing practice  
（GMP）－COmpliantcontrolofbothlightintensltyanddura，  
tion・Radio－frequencychipsforthispurposeareindevel－  
opment・Duringillumination・MBis converted toits  
bleachedleuko－formandtodemethylatedcomponents  
（azure＾，B，andC．andthionine；Fig．1）．Arecentfeature  
hasbeenthedevelopmentofcommercialfi1tersforpost－  
treatment MB removal，Which reduce the residualMB  
concentrationtoO．1toO．3いM．Theplasmaisthenready  
f（）rfreezingorrefreezing・  

One oftJle attraCtions ofthetechniqueis thatitis  
appliedtosingleunitsofFFfミWitl－Out山eneedforpool－  
ing・Commercialsystemsareavailablethatcanbesetup  
in standard blood center GMP conditions，Without the  
needtoinstauspecializedplant，anditisthismodelthat  
isinoperationintheUK・Plasmaisfrozenlocal1y・SenttO  
oneofthreecentralMB－treatmentpOints，山enreturned  
fordistributiontohospitals・  

PATHOGEN－REDUCT10NSPECTRUM  

TheabilityofMBtoinactivateviruSeSisdependentonits  
bindingtonucleicacid，beinggreaterfordoublestranded   

idlCurrent donor・－Selection criteria and  

virusgenometesting，freshLfrozenplasma  
（FFP）inthedevelopedworldisprobably  

safer thanit ever has been．ln the UK，  W  
whereFFPisnotmanufacturedfromfirst－timeorlapsed  
donors，ithasbeenestimatedthattheresidualviruSrisks  
fromasingleunitofFFParelinlOmi11ionforHTVlin  
50millionforHCVandlinl．2millionforHBV（EglinR，  
written communicatiorL，January2003）．Against these  
levelsofrisk，ithasbee・nqueStionedwhetherpathogen  
reductionofFFPisanecessarystrategyand／orthebest  
useofhealthcareresources．．However，theappearanceof  
WestNilevirusinblood componentsinthe USin2002，  
withfataltransmissionsinimmunocompromisedrecIPl－  
ents．2remindsusthatsometimesviruSeSmOVeal1ead of  

ourabilitytotestforthem・AIso・backgroundviralinci－  
denceinapopulationcanchange′aSiscurrentlyobserved  
inScotland，WithHTVlevelsshowinganincreasetothree  
permillion population（Soldan K，Written communica－  
tion，February2003）・1tisnowoverlOyearssinceapho－  
todynamicsystemuslngmethyleneblue（MB）andvisible  
lightwas developedin Springe，Germany・forvirucidal  
treatment ofFFP The method has been used at various  

timessincetheninGermany．Denmark，Portugal，Spain，  
andtheUK．soitistime】Lytoreviewitspotentialcontribu－  
tiontooverauFFPsafety．  
MBisaphenothiazinecompound（Fig・1），Whichwas  
firstusedclinicallybyPaulEhrlichinthe1890sandhas  
been used to killviruses since work at theWalter Reed  

ABBREVIAT10NS：APTT＝aCtivatedpartialthromboplastintime；  

FFP＝rreSh－frozenplasma；MB＝methyleneblue；MBFFP＝  

methyleneblue，treatedfresh－frozenplasma；PT＝PrOthrombin  

time；TTP＝thromboticthrombocytopenicpurpura・  
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thanslngle stranded，al山oughviruses  

COntaininggenomesofeithertypemay  
be efficientlyinactivated（See below）．  

Activationresultsinamixtureofstrand  

CrOSS－1inking，guanOSineoxidation，and  

depurination・MB may also modify  

proteins andlipids，the relative rates  
dependingontheMBandlocaloxygen  
concentrations．Forvirus一infectedceus，  

thismaybeinfluencedbythereducing  
and detoxifying mechanisms present  
inside the ce11．MBis not considered  

usefulforinactivation ofintracellular  

viruses orto attain bacterialorproto－  
ZOaJreduction，althoughit does enter  
Ce11s．5．7Tts onlyapplicationintransfu－  

sionhasbeentoachievevirusinactiva－  

tionofplasma，Withpriorce11removal  
byfiltrationorfreeze－thawlysis8tO（Fla－  

mentJ，MohrH，andWalkerW，Written  

COmmunication，2000）．  

PhotodynamictreatmentwithMB  
resultsinefncientvirusinactivationfor  

a111ipid－enVelopedvirusestestedtodate，  

includingallthoseforwhichtheUKand  
US currently routinely screen blood  
donations，aSWellasWestNilevirus．3j110  

Theextentofremovalforsuchvirusesis  

usuallyatleast5logs，thisbeingtrueねr  

bothdouble－andsingle－StrandedRNA  

and DNA viruses（Thblel）．Nonlipid－  

envelopedvirusesshowamorediverse  
SpeCtrumOfsusceptibuity，SOmebeing  
total1yunaffected（EMC，POlio，fiAVpor－  

Cineparv0virus），Whereasothers（SV40，  

HEV models，human parvOVirus B19）  

Showreductionfactorsof4logsormore  
（1払blel）．More recently，teSting uslng  

PCRmethodshasshowndirectremoval  

叫血〃gふJ〟g  
如肋血即憎  

コ  ＝＝＝  

劇中  
ぐ1  

皿：ユニ  叫CIlユ）ユ ヨ  ∩ち「）ユN  

Fig．1．MJlanditsphotodegradationproducts．  

TABLEl．Viru＄reduction  

Lipid enveloped Non－1ipidenve10Ped  

log reduction log reduction 
Virus  factor  Virus  factor  

HAV  
Encepha10myOCarditis  
Porcine parvovirus 
Polio  
SV40  
Adenovirus  
HumanparvovirusB19  
CaIicivirus（HEV）   

0．0   

0．0   

0．0   

0．0  

4．3   

4．0  

≧4．0  

＞3．9  

HlV  ＞5．5  

Bovine viraIdiarrhea  ＞6．2  

Duck HBV  

ln“uenza  

Pseudorabies  

Herpes simplex 

VeSiculal stomatitis 

West Ni厄virus   

3．9  

5．1   

5．4  

＞6．5  

＞4．9  

＞6．5  

OfHIV HBV HCV and parvOVirus B19  
reactivityfrominfected donations，1114thelast ofthese  
demonstratlng4－logreductionbyanewlydevelopedB19  
bioassayontheKU812EP6ceuline（Flamenり，MohrH，  
andWalkerW，Writtencommunication．2000）．  

Are such reductionfactors sufficientto assurethat a  

Singleplasmadonation，takenduringthepeakofviremia，  
is rendered noninfectious？The answer wuldepend on  
WhetherthedonationisalsosubjectedtoNATorserologlC  
testlngandonthelevelofviremia．Formostviruses，We  
knowthattheanswerisalmostcertainlyyes，butinafew  
CaSeSSuChasparv0virusB19，inwhichthepeakofviremia  
isaroundlO7genomeequivalentspermL，thisconclusion  
ismoredubious．However，forvirusesofma】OrCOnCern，  
peakviremialevelsareeitherwithintheclearancerange  
Ofthesystem，OrSCreenlngwithassaysofhighsensitivlty  

Willhaveensuredthatonlydonationswithlowerlevelsof  
Viremiaentertheprocessinglaboratory（handlingerrors  
excepted）．Inthepregenometestlngera，therewasapos－  
SibleHCVexposurefromaunitofMBFFPtakenfroma  
donorin the seroTnegative window period（FlarnentJ，  
Writtencommunication，MarCh1998）．Thepatientsero－  
COnVertedforHCVbutremainedgenomenegative・The  
preciseeventsremainunproven．butitispossiblethatthe  
patient generated an antibody response agalnStinacti－  
vatedvirus．   

Although MB and other phenothiazine dyes have  
beensuggestedashavinginhibitoryactionagalnSttranS－  
missible spongiform encephalopathies，】5thereis no  
evidenceofinvitroinactivationofinfectivltyatthecon－  
Centrationsusedinthetransfusionsettlng・  
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TheMACOPHARMAPLasmaMembranefiItration  

Fig・2・SchematicrepresentationoftheclosedbagsystemforMBtreatmentoffresh－frozenplasma・  

andaggregation・Theinl1ibitoryeffectsareamelioratedby  
thepresenceofascorbate22butdonotappeartoresultin  
theformationofanyneoantlgenSL6≠】f）orpositivltylnteStS  
fc．rtheformationofIgEantibodies（Flamenり，MohrH，  
andWaLkerW，perSOnalcommunication，2000）・  

UnsurprlSlngly，thechangesincoagulationproteins  
observedinMB－treatedplasmaareassociatedwi血apro－  
1c．ngationoftheprothrombintime（PT）andactivatedpar－  
tialthromboplastintime（APTT）・1GI2二う   

OriglnalstudiesonMBinactivationwerereportedon  
plasmafreeze－thawedbeforetreatment・butlaterworkon  
theBaxterPathinactandMacoPharmaTheraflexsystems  
WaS Performed on fresh plasma（Table2）・However，We  
haverecentlyshown山atthema】OrCauSeOfcoagulation  
factorlossisthe MBtreatmentitselfand notthe freeze－  

thawlng・柏I24FortunatelyIChangesincoagulationproteins  
inducedbyWBC－reductionandMB－remOValAltersappear  
tobenegligiblecomparedtotheeffectoftheMBprocess  
itself．Filtration of plasma uslng afilter（Hemasure）   

EFFECTOF MB TREATMENTON  
COAGULAT10N PROTEINS   

ltiswellestablishedthatMBtreatmentofplasmaaffects  
thefunctionalactlVltyOfvariouscoagulationproteinsand  
inhibitors（Table2）．Theproteinsmostseverelyaffectedby  
MBtreatmentofplasmaareFVlllandfibrinogen・Where  
actlVltylSreduced by20to35percent・Thedecreasein  

fibrinogenisseenwhenassayedbythemethodofClaussr  
butnotinantlgenicassays，川suggestl－1gthatMBtreat－  
menteffectsthebiologlCaCtivitybutnotconcentrationof  
百brinogen・lthasbeensuggestedthatthisisduetothe  
photo－OXidatjonof百brinogeninhibitingpolymerization  
offibrinmonomers．17Theeffectson負brinogenareprob－  
ablyduetoaninteractionofMBwidlhistidineresidues  
andmayresultinamodihedinvivoclearance・…20How－  
ever，fibrinogenisolatedfromMB－treatedplasmaretains  

normalabilitytobindtoglycoproteinlIb／IIIareceptorson  
Platelets，21animportantmechanisminplateletactivation  
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17LBLE2．ChangesincoagulationfactorproteinsandinhibitorsinMBFFP  

Parameter＊  PercentchangeduetoMBtreatmentTI＄  MeanresidualleveIs捕  

1．65，101．80，162．01，231．97，282．0529  
2．7416  
1．15，101．05，161・0023  

0．84，100．73，160．79，230．7628  
1．10，100，90，160．9023  
0．78，100．58，160．58，230．8328  
1．00，100．72，230．8828  
1．05，100．9023  
1．00，100．73，230．8428  
1．2010  
1．02，231．1229  
0．94，230．83，291．0028  
0．92，230．7929  
0．88，101．0316  
0．78，100．95，161．00，230．9628  
1．03，160．8928  
1．1116  
155mg／dL  
O．90，100．9816  
0．9616  

24，1024，233929  Fibrinogen（Clauss）g／L  
Fibrinogen（antigen）g／L  
Prothrombin（FIl）（U／mL）  

FV（∪／mL）  

FVll（∪／mL）  

FV川（∪／mL）  

FIX（∪／mL）  

FX（∪／mL）  

FXl（∪／mL）  

FXll（∪／mL）  

FX川（∪／mL）  

VWFantigen（U／mL）  
VWF：ristocetincofactor（U／mL）  
Cl－inhibitor（U／mL）  

Antithrombin（U／mL）  
ProteinC（U／mL）  
ProteinS（U／mL）  
CKl－antitrypsin（U／mL）  

Plasminogen（U／mL）  
α2・antiplasmin（U／mL）   

18，108，1618，23  
J4．5，1021，1632，2310，28  
J8，109，167，23  
J13，1033，1628，2326，282929  
J17，1023，231128  
J13，10723  
117，1027，231328  
11710  
J7，231629  
J7，23529→28  
J8，231829  
J23，10→16  
J8，10323→－6】23  

→16】28  

一う16  

→16  

→10▼16  

→16  

★ ResultsglVenaSU／mLbecausenotaIIstudieswerecalibratedaga－nStinternationalstandards・Assaysarefunctionalunlessotherwisestated・  
†Arrowsindicatedirectionofchange，Withhorizontalarrowindicatingnochange・  
‡10116123studiesusedfrozen－thawedplasma．  
§2812gstudiesusedfreshplasma（＜8hrfromcollection）．  

by collagen orADIミSuggeSting no ma］Orinfluence on  

COagulationorfibrinolyticsystems・31  

There have been relatively fbw studies examinlng  
CryOpreClpltateandcryosupernatantproducedfromMB  
Plasma．LevelsofFⅥIIandfibrinogenactlVltylnCryOpre－  
clpltateare20to40percentlowerthanuntreatedunits23132  
but remainwithin Councu of Europe Guidelines．The  
effectonlevelsofvWFantigenandactivityseemmOre  
Variable‥One Study reports no slgnificant difftrence，23  

Whereasinatwo－CenterStudy，OneCenteralsoreportedno  
Change，Whiletheothersaw15to20percentlowervalues  
inMBunits．32Thesedifferencesmightbe explainedby  
Variationinthemethodologyusedtopreparethecryopre－  
Clpltate．However，bothstudiesshowthatthemultimeric  
distribution of vWFis unaltered．Cryopreclpltate PrO－  
ducedfromMBFFPhas notyetbeenintroducedinany  
COuntry山atprovidesMBFFfミbutworkisongolnginthe  

UKtoopt］mizefibrinogenconcentration・33  
Cryosupernatant produced from standard or MB－  
treatedplasmalacksthelargestmolecularweightformsof  
VWE23Themainclinicalindicationforcryosupernatantis  
forthetreatmentofthromboticthrombocytopenicpur－  
pura（TTP）．PatientswithTTPtendtohaveunusuallylarge  
molecularweightvWFmultimers，34whichareknownto  
promoteplateletaggregation，andsomebelievethattreat－  
mentwithaplasmacomponentthatlacksthehighmolec－  
ularweightformsofvWFmaybebeneficial・However，nO  
Clinicaldataareavailabletoanswerthisquestion．Levels  
OfvWFcleavlngprOteaSehavenotbeenmeasuredincryo－  
SupernatantPrOducedfromMB－treatedplasma，butglVen  

Vo［ume43，September2003 TRANSFUS10N1325   

designedtoremovebothWBCsandMBsimultaneously  
resultsinaprolongationoftheAPTTbuthasnoeffbcton  
the PT orfibrinogen when measured bymanualtech－  
nlqueS．25FilterstoremoveresidualMBinplasmadevel－  
OpedmorerecentlybyPallandMacoPharmaarereported  
toresultinasmallincreaseintheAPTTbutminimalloss  

Ofcoagulationfactoractivity・26，27Ithasbeensuggestedthat  
theincreaseintheAPTTinthelatterstudies maybe a  
resultofsomeactivationofthecontactsystemofcoagu－  
lationaftercontactofplasmawiththeartificialsurfaceof  
thefi1ter．26  

Levelsofthrombin－antithrombincomplexesarenot  
elevatedin MB－treated plasma，．6indicatlng that MB  
treatmentis also not associated with excessivethrombin  

generation．Functionalmeasurements ofthe natura11y  
OCCumnganticoa訃11antsproteinC＆Sandantithrombin  
also appear to be relatively unalteredin MB－treated  
plasma．1鋸6123，28 MB treatmentis reported to havelittle  
effectonlevelsofplasminogen．alpha－2－antlPlasmin（the  
maininhibitor of plasmin），fibrin monomer，and D－  

dimers，16suggestingthattheuseofMBFFPisunlikelyto  
resultinenhanced負brinolysIS．VWFactivltylnplasma，aS  
measuredbyristocetin－inducedagglutinationofplatelets，  
isreducedbylOto20percent，23，29butvWFmultimeric  
distributjonandcleavlngprOteaSeaCtivityarereportedto  
beunaffected．23I2日3O  

After transfusion ofMB－treated plasma to healthy  
adults，therewasnoslgnificantdifferencefrombaseline  
ValuesinAPTT．PT；TT；FⅥⅠⅠ，FXI，Clauss百brinogen，負brin  

degradationcomponents，OrPlateletaggregationinduced  
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forinductionofbirthdefectsatdosesupto5mgperkg  
PerdayhasalsoglVennegativeresults，3，5althoughrecently  
higherdoseshavebeenreportedasinducingfetalgrowth  
retardation．3～iIncontrasttothis，invitrotests．suchasthe  
＾mestestformutageniceffectinselectedbacteria，have  
yieldedsomemutagenicandgenotoxicdata．particularly  
inthepresenceofalivermicrosomal（S9）fraction．Testlng  
OnhumanlymphocytesandthemammalianV79cellline  
has been reported by some to show no mutageI－iclty，  

althoughinthepresenceofthemicrosomalS9fraction，  
SOmeChromosomalaberrationswereseeninlymphocytes  
atlto2トIgperml．（FlamentJ，MohrH，andWalkerW  

written communication，2000）・Wagner et al・39 has  
reported genotoxjc effectsin mouselymphomacells at  
30LLgpermLofMB，WhichwasenhancedbyS9addition・  
butfailedtodetectanyactlVltylnVivoinamousemicro－  
nucleusassay．  

Between1992and1998，mOrethanamillionunitsof  

MBFFPwereusedinGermany，Switzerland，Austria，and  
Denmark．Use has continuedin the UK，Portugal，and  
SpainusingtheGrifoIs，Baxter，andMacopharmaversions  
Ofthetechnology・ThelattertwosystemshaveaEuropean  
MedicalDeviceslicence（CE mark），granting ofwhich  
includesatoxicologlCaSSeSSment．Bothpassiveandactive  
SurVeillance40haveyieldedadverseeventratesthatdonot  
differfromthoseforstandardFFPlnneonates，Wherethe  
COnCernisgreaterduetotheimmaturedetoxificationsys－  
tem，tllerearefewreportsonsurveillance・butdatafrom  
both Germany and Spain indicate no acute adverse 
events，eVenWhenMBFFPisusedforexchangetrans山一  
sion（Castri1loA．PohlU，Writtencommunication，1999）．  

Concernoverthepotentialinvitromutageniceffectsof  
MBanditsderivatives，particularlyinthepresenceofthe  
S9fraction，WaSthereasonforthefauuretore－1icensethe  

PrOduct（WithoutMB removal）inGermanyin1998・An  
oplnion has not been reached on whether the system  
includingtheMB－remOValstepwillbegrantedaGerman  
license・However，alargeamountofclinicalusageandin  
Vivotoxjcologytestingsuggestthatdespitetheeffectsseen  
invitro，in vivo side effects are minimal，PreSumably  
mainlyduetothedilutiononinfusionandtherapidclear－  
anceofthecompound・Onetoxicologyexpertinthefield  
hassuggestedtheriskisonaparwithsmokingapackof  
clgaretteSOVeralifetime（FlamentJ・MohrH・andWalker  
W，Writtencommunication，2000）．  

CLlNlCAL STUDlES 

Moststudiesinpatientshavebeensmauand／orhaveused  
laboratoryrather山anclinicalendpoints・DesplteuSageOf  
morethanlmillionunitsinEurope，therehavebeenno  
fuu reportsoflarge，randomizedtrialsofMBFFPusing  
relevantendpointssuchasbloodlossorexposuretoother  
bloodcomponents・Earlystudiesdescribedsuccessfu1use  
ofMBFFPineitherslngleorsmaugroupsofpatientswith  

thatlevelsappeartoberelativelyunalteredinthesource  
plasma，300ne WOuld not expect them to differ slgninL  
cantly．1twouldthusappeardlatMB－treatedcryosuperna－  

tantwouldbesuitableforthetreatmentofTTPbutithas  
yetnotbeenmanufacturedforclinicaluse・  

TfMBplasmaisusedtosuspendsingle－donorplate－  
1ets，thereis no significant effect on platelet numbers．  
morphologyscores，OSmOticrecovery・Orlevels ofLDH・  
CD62Pexpression，lacate，pH，andglucosecomparedto  
Standard plasma・35similarly・if MB－treated plasmais  
addedtoRBCs，thereappearstobenoappreciableeffect  
onleakageofpotassium・hemolysIS・OrOSmOticfraguity  

during28daysofstorage・35Thisisincontrasttodirect  
treatment ofRBCs with MB andlight，Which resultsin  
membrane leakage antl enhanced surface binding of 
lgG・57  

PHARMACOLOGY AND TOXlCOLOGV 

Thema）OrClinicalapplicationofMBinthepasthasbeen  
asaredoxreagentinthereversalofmethemoglobinemia  
and cyanidepoisoningusinglntraVenOuS doses oflto  
5mgperkg．IthasalsobeenusedathigheroraIdosesfor  
thetreatmentofmanicdepression（300mg／day）andrenal  
calculusdisease（195mg／day）・tntraVenOuSdosesof2to  
5mgperkghave alsobeen used forheparinneutrali－  
zationandforperlOperativestainingofthe parathyroid  
gland・二H▼9JO12（l For comparison・the plasma pathogen－  

reductionsystemsdescribedhereresultinaMBconcen－  
trationoflトIMin山e rrFRequivalenttoanintravenous  

dose per250mL FFPしLnit ofO・0012mg per kg・TfMB－  
removalfi1tersareusedduringprocessing■25136thislevelis  
reducedapproximatelyxlOJtOafinalconcentrationofO・1  
too・3いM・Fora70－kgadultreceivingtherecommended  
15mLperkgofFFRthisequatestoatotalMBdoseof  
approximately33トLg′Orlessthanluglna2－kgpremature  
infant．1nfusedMBisrapidlyclearedfromthecirculation  
andmarrow（half－1ivesinrats are7and18min，reSpeC－  

tively）toanextentthatitspresenceinblood（half－1ifein  
manapprox・60min）isdifficulttodetectafterinfusionof  
MBFFPThereissometissueuptake，butthema）OrltyOf  
MBisexcretedviathegastrointestinaltractandinurine  
within20r3days3（Flamentl，MohrH，andWalkerW，  
Writtencommunication，2000）．  

AUStox．icologlCrePOrtSummarizesitsusetoassess  
membrane rupture during amniocentesis，nOtingmild  
andtransientsideeffectsatmost．二171nmammals，thehalf  

lethaldoseforMBisoftheorderoflOOmgperkg，Witll  
Photo－illuminationproductshavingsimilarIOrlesser・tOX－  
icltyprO別estotheparentcompound・315chronicdosingof  

animalswidlMBatdosesuptoO．2gperkgdayfor13  
weeksarenontoxic．Chronicexposureofratstoadietcon－  

tainlng4percent MB had no carcinogenic orcirrhotic  
effects，While testingln both rodents and Drosophila  
revealednogenotoxjce恥ctsatnearlethaldoses・rIt，Sting  
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