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FVHr AND TSE：THE CASE FOR SAFETY 6S   

ationstudiesofvariousstepsusedinthemanufacture  
ofplasma－derivedproducts，However，neWCOnCernS  
aboutthesaEe亡yofbloodandplasma－deriYedprod・  
uctsemergedwhen vCJD wasidentifiedin theUK  
【48］，ba＄edupontheEactthattheabnormalPrPwas  
det亡Ct亡dinlymphore［iculartissues，includingtonsils，  
5PleenandlymphnodesinvCJDpatien亡5【49－5礼  
butnotinsCJDpatients，andintheappendixofa  
prcclinicalpa亡ien【whoeigh亡rnonthslaterdeveloped  
vCJD【53】；inaddition，SPleensandtonsilsofvCJD  
Pa【ientsar亡infectio？S【54】・Ⅰ【hasbeenarguedthat  
blood of vCJD patlen【sinteracting withlympho－  
reticularorgansmightcontaintheabnormalPfPand／  
orinfec亡iousprions．Concernisfurtherheightenedby  
thefollowingobservations：（l）BSE，CauSallylinked  
to vqD，has spread through many European  
countries；（Z）the ex【印t Of exposure to BSE，the  
sourceandrouteoftransrnLssion，andtransmissibil－  
ityofditferentbovine tissues【o humans haYe nOt  
beende血1i【elYeStablished，andfewepidemi0logical  
dataae 

． 

accuratelythenumberotpeoplewhomayhavebeen  
infec（edwith BSEand might devcIop vCJDin the  
future，becausetheincubatfonperiodmayvaryfroTn  
4【0ヱ00r予Ⅴ亡n40ycars，aSfoundwithkuru；（4）  
epidemiologlCalda【aar仁SCarC∈COnC∈rn■ng【herisk  
of bloodィelated【ransmission ofvqD；（5）disease  
亡工anSmi5Sion by transhlSion of blood from experト  
mentallyBSE－infectedsheepha5beenrepor【ed【‡5】；  
（6）informationisincomple【e abou【［h亡distinctive  
physico－Chemicaland biologicalproper亡ies ot the  
VCJDagen（in竺Omparisonto［heo【he【WeuTStudied  
labora亡Ory S【raln5 0f TSEs；（7）thereis no【e5t  
availableforearlydiagnosisofintec【edindividuals；  
and（8）valida【ion studies on the removalofT5E  
agents（includingvCJD）during【hemanufacturingof  
plasma－derlVed products have not been compLeted  
andveri丘edbydifferentlabora【ories．   

Experimentalblood－relatedtransmission  
studies   
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TSEinEec亡iviq，hasneverbeentoundinbloodfrom  
nimalswithnaturallyoccurヤginfe⊂tions（scrapie  
lnSheep，BSEincattle）whenlrlOCulatedin【omlCe  
【56－58］．However，early TSE blood－related trans－  
mission studies were not exlensive，and employed  
onlya5ma11numberofdonorandre⊂ipほntanimals  
（TabIel）．Thelow suscep【ibility of conventional  
mice in rhese studies can be explained by the 
existenceofarLinterspe⊂iesbaTrier．lnaddition，itis  
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amorLg【hemosttrequentlyexposedhdividualswith  
geneticbleedingdisorderswereperformedirltheUS  
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nogen，aPrOt亡inofthe占brinoly【icsy5te爪PreSentin  
blood，Whichhasalso beenimplicatedlnneurOnal  
excitotoxicitγ，hasbeenidentifiedasthe丘rstnatur－  
auyoccurrlngprO【eintha【mayspecificauybindfuu．  
1ength native abnormalPrP trom brain亡issue of  
mul亡iplespecies【102，，103】．Earlier，aPrOtOCadherinT  
ヱwasidenti丘edasacellularreceptorofhighafhitγ  
（Kd＜25nmoL）for both normaland abnormai  
Eorms of PrP［104；PerSOnalcommunication Erom  
Nt Gshma叶Ideally・the use 

． 

Various approaches such asin uitro ampli丘⊂ation，  
may achicve a concentratlon of abnormal PrP to 
levelsthatcould bede【eC【ed bypresentlyavailable  
method5，and aLso 丘nd usein the remoYalof  
inEectious TSE agents from blood and plasma－  
d亡rivedproducts．   

RemovalofTSEagents／prionsduring  
themanufacturimgproce5SOfpla5ma－derived  
Products  

To define the risk of vqD beirLg tranSmitted by  
plasma－derivedtherapeuticproducts，itis丘rstneces－  
Sa叩【Ode丘nethepartitionofinfec【iviけthroughthe  
VariousseparationstepsusedinthemanufactureoE  
plasma produc亡5，Two apprQaChe5are PO5Sible for  
Valida［ionstudies：（1）useofplasmaofexperimenト  
allyinfectedanimals（endogenDu 

． 

detec亡ed onlyin bioassays；and（2）use of brain  
tissue（Or tissue extract）frorninfected animals or  
humans as aninfectivity‘spike’to evaluate the  
cl亡aranCe Of TSEinfectivityin bioassays，Or Of  
abnormalPrP by animmunologicalmethod，for  
eチamPle∇e5tefn♭lot【タ4，10り0‘〕orconforma・  
t10n－dependentlmmunOaSSay（CDl）【？5】．   

Two experimen【S have evalua亡ed parti【ionlng Of  
endogenous TSEinfectivlrYin plasma couected  
fromclinicauyillmiceintectedwithmouse－adapted  
human TSE during Cohn Erac【ionation，mOdi点ed  
forsmauvolumes（66，67】．TheTSEinfectivitγWaS  
par【itionedin【O Yariou5fraction5uSing cold preci・  
p血tion and di晩re机∈亡hanoIconcent柑dons and  
pH．Even【ho喝hsomeoftheinf亡Ctiviりrpartitioned  
in［0以γOpreCipi【a【e，u5edbymostmanufacturerstp  
produce FVTII，【helevelofinfectivL【y was more  
thanlO－foLdlowe＝haninplasma，andsevera1log  
Orders Lower thanlevelsin the brains ofclinicauy  
illanimals．Thesev亡rylowlevelsofinfec【ivitγdid  
notallowaneValua亡ionofthe removalcapability  
OEvariousstcps・TherefoEe，mOStYalidation釦udies  
havebeenperformed usLngthe‘spiking’approa⊂h，  
Which has documented a signi丘cant degree of  
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TrallS血ssibl亡SPO11呈汗0て■111e11C叩llalopatlli已S（「l－Sじs）l～代こI  

group of fata】－1eUrウdegニー1C－atj＼′e d烏0∫て1こ■■S】rlC】1」」11  

SCr叩－ein s】1CCP、bovl■1C叩0・一芸iFor】1－亡＝C叩止血■〕aし！  

（BSE）in calt王ea11d CreしlしZ「亡l山一Jakobdiscこ1ie（CJ；〕）l  

hu汀柑nS（Baker＆Rld】eさ′、】りり6），⊂JDl～J【Jrじ」；S亡しtSこ  

Whichoccur占い1iFor】111y㌧㌧′DLjd－Wid巳、＼∨仙と1L川こ山C∫1こじしノ1  

abou【】pcr川61）CISOnSPC【・JTlt－Ⅲ－1・A】1e、Vr〇川川r・十S上一  
in hu】11anS，tCTmCd ncw viミl】ユnlCJD（n＼ノC］）〕），＼ソLlこ、ヱI  

identiRedin】996川 t】1e UK and】s b亡l】C＼ミ：dトJllこハ∴  

resu】tedfrolT1日econ5Ur－1PlIOnOrCe＝けa】【1C！■VOUS t∴－SUニ  

ーrom BSE－inrecled a両111こIIs wllich c11【cl・CdlhじllUlllこし▼1  

food chain（Wi11どJd／，1996）．Thc cul【C－1t C＝1】Cこ1  
incidence of nvCJDlnlhe UK LS about O2p已rlO、’  
PerSOnS Per ann出れ（Sco【【1Sh Cen打巳 rOl■Ⅰ【1「eCl一口∫1己」  

Environrnen【alHealth，Z99S）bu【，in the〇bscllCe OFこ  
SUitab】ediagnosticprocedurc，thesubclinicn？prじVn≡crlCJ  
orthe jnrectionis no【k110V川．   

Co汀eSPO■1deハ⊂eし0．DrPcIc∫R rごu弓【Cr．Dcv⊂】DPLl－C川ト1コn．1三亡’．  

SNt）TS ProLein Flil〔L［Onatjon CcnE［e．2］Ellcn㌧GIc11Roいd．  

Edinburgl－EH177（〕T．UK．Tc】胡l〕j5848・′570口：†〕入：d」り：5コG  
57鋸；亡州ilil：PCIcrro封じr＠s日加scs．1S〔n川IIS．止  
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⊥1 P 〃 一「（つ．〔／CJ・   

PrO〔1し1こisl11thlSre呂ard，thcFDAdecidedthatbatchesof  
PlaslnユpT〇しlしにしSmuStb已丁巳Ca11edwhcreadonorhadbeen  
diagn〔1SeJ㌧V油CJD or wa5a【increasedrisk ofCJD  
〔：！ごDA、1りりく：Tn tllelつ了¶O11ths to30Marcb1998，也e  

FDA rcこn：iこしi175 batch已S Of albumin products．83  
l）；1L⊂h亡S11flm［て1unOglobulmsandllbatchesofcoagulaT  
l：On「∴こし「【⊂On⊂Cllしra【cS On t山s ba5is，Thi5eXtent Of■  

；）1コSmlflrO山ct rccallin North America resultedin  
トhc｝rla；CSn：cr再caltherapeutlCPrOducts（FDA，1998a），  
Sub5C〔1tlC】叫＼thc FDA posltion wasre扇sedtore∽m－  
1れCnd【と1C rCCal】ローprodl】Ct50nly where a donorhad  
d〇、rCl叩亡〇Ⅰ－＼′CJ工）（FDA，1998b），In Europe，pla5ma  

T）rOducしS（！o T－Ot rCqUlrC tO berecalledonthebasisof  
Clas5icalC］D（cCJD）．buLadecisionwastakehtOreCall  
batches、、・hcICnVCJDha5beendiaBnOSedinacontribut一  
川邑dD：1eT（CP＼・1P、199邑）Tlvee suchUKdonorswere  
idcnt沌cdin1997and打－C Subsequent productreca11s，  
thelacko（kno、、′1edgeof山epTeValenceofsubclinical  
Il、′CmintheUKpopulat10ntOgetherwithsomeevidence  
that＝一C diStriし）ution of nvCJDin huma皿tissues may  
〔】11’f巳rFl■Or11【hユtOfcCJD（一寸】11ビ／dJ．，1997）r8Sulledinthe  

saretyo［I）1asmユPTOducIsderlVedfromUKd6norsbeing  
（1し1eStlOユー正＝Lu山am．1997）andultimatelytoad亡Cision  
b〉′thcU‡こG臼∨亡＝－＝1enl【obanth巳manuねctureofpla5ma  
dcIl、’aい′CS frりn－Illas∫naCOl】ec【edin血eUK，aSapre－  
Cau【ionar）′mじaSurC（Ward巳n，1998）．   

rn〔けd〇r t（〕Je巨IIC軌e rlSk oreither cCJD or rlVCm  

bぐin呂t「a‖5：mLにdbさ′Plas7¶aprOductsiti5n∝鮎Saけ【o  
d亡tenl－‖1ぐミュ0“1t【1〇CauSau、じagentSWOuldpむ七donacross  

止escpこu■ユtゝO11SPrOCCSS亡Stl－aしareemploydiTl也emanll－  
rlC【urCOFこ1⊥JS∫1－aprOducts Theef托c【ofphamaceu【1Cal  
nlこmし】t’aこして汀：Flご【〕rnC已dしIrC50n TSE agenbis norma11y  

a；S已SSCdトン′⊂≡－訂血一言lrlg a SCaled－down versionof山e  

lフrOCC5‥、ノItl－ユ1＝gh【i【rcorade丘n6dsけ血ofarodent  
aJaptじ〔≡s〔r叩・＝a呂Cn【aI－d mea5uringtheinfectivityof  
描叩臨．TakcL二t一己一口re and aFter processlng，byihra－  
CCrCbral判じCし10nln a111m山・Suchstudiest止ealo一喝  

l‖11CtOCn：吋Ct巳and，bccauseof【hehighcost5invoIvそd，  
しCnd to bcres汀1Cted to asma11numberofkeyprocess  
SIcpS raLhe＝han a comprehensive examlnatlOn Ofthe  
COmPIcte manufacturlng PrOCeSS，For example，in a  
sしud〉′Ofthep－・OCe5SuSedtotmanuract町eTrasylol⑧，d旭  
esamination of rour indlvldual process steps consumed 
1600mに已ユ11dし00k3ye訂StOCOrnpkk（Ko乙akgfαfリ  

1叩6） 

TSEagentsnrchlghlyr巳SIStanttOinactivation（Taylor．  
1粥6）and＝氾ICrOrC，rOr‘protein phmaceuticals，itis  
tllClr Pll）′5jcalrcmova】tlla【is or pa爪icularintere5t．  
P：Clim＝一；inldala on TSE ag巳ntPartit10ninghavebeen  
rer）Orted for some selectcd process steps usedin the  
rrユCし10Ⅰ－射止肌〔亘hしIman Plこ1S【nauSll唱arOdentadapted  

str己1nOごailum3nTSEag巳nt（Browne（aL．，1998）anda  
rc〔tCn【adapしCd5しrainor山cscrapieagent（BroⅥ＝机れ  
1叩8；Pet【c“ノa）ノごJdJ・、1ウ卵）、but山eoutcomesexpectd  

OVeraCOmPleteplasm8打acdonationproc¢SSbaven  
yetb班n described・ln伽absenceofcomprehensi・  
measurement50fTSE8gentp訂titionlngaCrOSSpla5n  
fractionationprocesses，thebchaviourofnvCJDcant  
esdmatedonlybyex心叩Oladonordataobtain由良0  
＄imilarbiopharmaceuticalprocessoperations，Aproヽ  
Sionala5SeSSmentOrbowTSEagentsmigbtbeexp巳Ct（  
【Opa山dondudmgpla5ma丘actionationhasbe印ma（  
on山isbasis．  

PLASMA FRACTIONATION  

me‾sco血sh Natioll山 Blocld Trans餌sion 5ervi（  
（SNちTS）manl血c【ur朗OVer250000unit doses of  
raJ鳩¢Ordi脆陀ntpl訟；maprOduct5丘Om鈷1（氾抑）kgt  
plasma・¶旭prepa∫ati（）nOfeacbproduclinvoIv朗eXt8I  
Siveproccsslng Via acarefullydesigned，Closelycol  
trolledsedesofoperatlOn5（Fig．1）（Foster，1994）．Eac  
proc¢SSincludes a number Qfstepsin w貼ch macrく  
molecul訂COn5d【uen【s訂epre免托nti山1yremov¢d；血e5  
StePS are SuZTlmarizedbelow on a product－by－PrOdu（  
basis，   

A伽刑iれ休伽り  

ne SNちT5proce5S br血e ma血ufactⅦ陀Ofalbumi  
invoIves remoYalby cen出血gation of血e pr¢Cipital  
WhlChfbmswhen仏¢丘ozendonationsofpla5maa【  
thawcd（CryOPr8Cipi叫e），remOValbycenErifugationc  
the precipltateS Which fon¶L at21％e也弧0！，pH6・7（  
－50C仲actionI＋Ⅱ＋Ⅲ）弧dat35％e也弧01，ptI5・5三  
－50C仲actionIV），血p【h丘1【ration tkough8血xo  
bedofc81hlos¢，出田elguhrand per地at帥0釦且ge5  
dep也別打adontkoughamiM出＝光d触訂hcorpora血；  
a ca【ion cxchaれgらreSin and membrane創加donき  
血ee different釦agモS Of也e proce55，tWO Of whic！  
巳mPloyaceuuloseacetatemembranQ，Thc丘nalproduc  
ispasteurized at600Cfor10htoinacdvatepotcntla  
Viralconlaminanb．  

血勅抑頑祝融血  

Simllar pud危catio【lprOCed町e5打e揖d h血¢manu  
fach汀80fimmunoかb山i¶prOd11Ct5．Fo1lowing tb（  
removalofcryopreclpltateandtherecoveryoffrac血  
Ⅰ＋H＋Ⅰ□，血e resuspended 血ctionI＋ⅠⅠ＋mi：  
adJuSted（8or12％ethanol，PH5・1，－30C）toprecipitat（  
什acdonI＋Ⅲ，Whichisremovedbyc孤灯血ganon，血  
5uPematanlbe血g clad鮎dbyborosilicakgla55deptl  
別山一ion・meIgGsoludonissub5明u¢ndys叫∝kd【0；  
mixd bd d甲tb飢はa血n（C¢lldosちkesclgl山肌（  
P釘ut¢）and to membrane丘1t∫ation at山c¢di晩陀n1  
5hgesOrmanu血Cture，tWOOfw鮎ch¢mPloy8Cellulos（  
aceta【eOrSimilarmembran6．  
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