
ESTIMATING PATHOGENSAFETY  

TABLE4．ValidatedviraJe，iminationwhenproce＄Sjngfibrinogenandthrombin：  Baxter process 

Logk‖orremoval  

Vims：  

Modet†or：  

Enve－opedvけUS？  

HIV－1  BVDVoTTBEV PRV HAVorERV  

HIV  HCV  HBV  HAV  Pan／OVれ将B19  

Processandstep  Yes  Yes  Yes  No  No   

Fib「ino9en   

Cryoprecipitationナl〟aSh   
LyophiIization⊥VaPOrheaHng   
S／Dtreatment  

rh「ombln   

CⅣOPreCipitation十WaSh   
Anion－eXChan9eChromatography   
Lyop柚izalionlVaPOrheati「唱   
S／D treatrnent  

2．6  

＞6＿2  

＞6．6  

Sum二  ＞15．4  

13  1．5  1，8   

＞6．8  ＞7．1  ＞6、5   

＞6＿5  ＞6＿7  NA  
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MMVニmOUSeminutevfrUS：NA二＝nOtaPPlicable：ND＝nOtdone．   

activity中古＄edonreservecapa¢i  

仁    ∈ L  

Sincemuchofthelossinviralinfeetivityoccursbefore  

initiatioIlOftheheatcycle（Fig・3）．  

Takingthesefactorsintoaccount，alongwithpubL  
lishedinformation on theinactivationofHrV HCV and  

HBV；5去for伝brinogen．weestimatethat15to17logof  

CnVelopedviruscs．10to H．5logofHAVormostother  

nonenve）opedviruses．and7logofparvovirusareelimi－  
nated・For thrombin，We eStimate that17to22log of  

envelopedviruSeS，11to13logofHAVand7to10logof  
parvovimsesareehminated（rrhble6）．  

th（，Sevirusesisatleast3to4log・5（．since丘brir）OgCnis  
Puriaedby simple preclpltations，it，1ikeintermediate－  

PurityFVII【preparatjons，likelvbene鋸sfromthecopres－  

enceofantibodyinthe触alpreparation・51fon－eXChange  
Chrornatographytypicallyremoves2to3logofvims・52．55  
Finally，SOme COntribution to the calculation ofsafety  

ma∫許nSShouldbeascribedtothe“reserveCapaCity”of  
theviralinactivationmethod（S）employed，de6nedasthe  

abilitytoachievecompleteviruskillinafractionofthe  
treatmeT）t timeallotted．Whde numerous publications  
makeclearthatlinearextrapo】ationofviruSinactivation  

CurveSOVerStateSinacdvationpotential．56・57asslgnlngnO  
beIle缶ttoreservecapacitywhenca】culatingsafetyrnargins  
Clearlyunderestimatesinactivationcapacity．Unlessdata  
indicate otherwise，We prOpOSe adoptingthe scheme  

describedinlもble5・Althoughseeminglyarbitrary，this  
SChemehasthevalueofsimplicity．1tsuseissupportedby  
thedozensifnothundredsoftimesresultswithS／Dand  

heattreatmentmethodshavebeenreproduced，thereby  
increasingthequantityofvirus subjectedto chal1enge・  
AIso，fbrS／Dtreatmentmethods，viralkillhasbeenshown  

tol）eCOmpleteevenwhenusingtri－（n－butyl）phosphate  
（TNBP）togetherwithsodjumcholate，aCOmbinationthat  

PrOVidesfarslowerkillkineticsthanthemorefrequendy  
employedTNBP／PⅣeen800rTNBP－TritonXTlOOcombina，  
tions（Fig・2），andthefhctthatreagentconcentrationcan  
beha］vedwithouta∬eetingviralki11（datanotshown）．We  
havenotmadereservecapacityestimatesforvaporheating  

CalcuJationofsafetyrnargin  

ThecalculatedmarginsofsafetyaregiveninThble7．For  
envelopedviruSe岳，Safetymarginsa托eXCeeding吋Iarge，  
estimatedataboutlOObi11ion－foldfor爺brinogenandl  

trillion－fold for thrombin．A揖10ughiower，the safety  

marginsforHAVforboth6brjnogenandthrombinexceed  
lm山ion－fold・Owing to the potentially significandy  

highercontentofparvDViruSanditsgreaterresistanCetO  
inactivation，丘brinogene巧OySOnlyasma11safetymargin  

Whilethatforthrombinisapproximately2000，fold・Even  

Still，When expressed asriskoftransmissionpervial，a  

Calculation typicajly requiredbyre計11atoryauth0ritics，  

theriskwithfibrinogeniscalculatedatlin500，000vials  
andthatwiththrombinisapproximatelvlinlOOmiuion  
vialsorless．Thus，ParVOviruStranSmissionsho111dsti11be  

aninfrequeI】teVent，  

ClinicalexperienGe  

TisseelhasbeenmarketedintheUnitedStatessinee1998，  
andinEuropeitwasintroducedclinica】1vmorethana  

decade c甜1ier・Eviceland．except for a formulation  

Change，itsidenticalpredecessorproduttCrossealhave  
beenmarketedintheUnited Statessince2003andwere  
availableinEtlrOpeSeVeralvearsearlier．Throughoutthi5  
use，therehavebeeI】nOknowncasesofhepatitisorHⅣ  
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Star［lngWith10，000－foldhigherparvovi－  

ruSloads．ExperiencewithS／D－plasma  
indicatesthatreducingthequantltyOf  
parvOViruS DNA to no more thal1104  
geqpermL（106geq／patientexposure）  
elimi（lateS ParVOvirus traLnSmission as  

measuredbyDNAreplicationorsero－  
COnVerSion when the patient also  
receivesproductcontalnlngparVOviruS  

antibodv．61Additionalclinicalstudies  
are needed to showwhether dle丘brin  

sealants manufactured today can still 
transmitparvoviruSB19orone’ofdle  
newly described，human blood－borne  
pam扇ruses・紀  

TNBP／ChoIafe  TNtiPrrween  TNJiP／TX－1（JO  
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Fig・2・S／Dinactivalionolv腎icuI訂S10matilbYirusaddedtoanantihemophilic  

hctorconcenlrale．  

Newviralthreats  

In thepast5to8years，three newpathogens，WNV  
ChihlngumyaviruS，andvCJD，haveemergedaspotential  
th．reatstotheb】00dsupplyOtherinfectiousagents，hke  
H5Nlinfluenzavirus，the strain of coronavirusthat  

CauSeSSeVereaCutereSpiratorysyndrome（SARS）；dengue  

virus；andvacciniavirusarepotential1ytransmissibleby  

bloodandbloodproducts．WiththeexceptionofvCID，a11  

areenvelopedviruSeSandwouldbeexpectedtobecd長一  
pletelyclearedbytheprocessesnowir）Placefbrmarlu－  
facturedbloodproduct＄1ike丘brinsealantorthrombin・As  

Shownin Thble8，WNV：H5Nlinnuenza viruS，SARS－  

associaledcoronavirus，andChikungunyaviruswefeall  
inactivatedcomp】ete）ytotheextentofchal1engebythe  
methodsofviralinactivationdi＄CuSSedabove．  

Theinfbctious agent ofvCJDis believed to be a  
proteinthatresistsmostmethodsofinactivationinc）ud－  
1ngal1thatareappliedtomanふねcturedplasmaproducts・  
Althot）ghthereisevidencethatitcanbefbundinblood  
（Seeabove），despiteyearsofsurvei11ancetherehavebeen  
noreportedtransmissionsbymanufacturedplasmaprod－  
UCtS．Mode】studiesindicatethatsignificant quantities  
WOuldberemovedbythepuriRcationprocessesnowin  
use，including cryoprecipitation，depth丘Itrationwith  
Blter aids，nan0Ⅲtration，andion－eXChange or a航nity  
Chromatography・25・63・69Basedmostlyonpublished丘nd－  

1ngS，COmPafedwithatotalmaximumloadofabout4log  
OfvCJDperplasmapool，the負brinogenandthrombin  
processes shodd remove greater than7．6and greater  
than13log，reSpeCtively（1もble9），prOvidinglargesafbty  
ma∫辞nS・  

DISCUSS10N  

The saftty of modern plasma－derived productswith  
respecttoHBVHCVandHⅣhasbeenprovenclinical1y  
OVerthepastdecadeormore，mOSdyusingmam血cturing  
procedu∫eS e、mploying onlv one dedicated method of  

Slageorhoursat60．C  
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Fig．3．Ⅵ舶datedl雨Ⅶl旭uomvaporheathgof刑】rho！㌍n（Cur一  

代nt吋usdB8幻erproces可．甘W（■）釦ndpRV（▲）were  

undetec（8bleupontqchbtg600C，■ndHTV（◆）andlW（lJ）  

We陀undetect8bIea札er5andlh01叫ー閥p∝伽l弟8t600C・  

（●）Mousemimutevim．  

transmissionassociatedwithcommercial丘brinsealants．59  

Thisisnotablesince，formuchofthistime，themanufac－  

turingprocessforTisseelutilizedon】yonededicatedviral  

eliminationstepwhilemodernprocessesutili2etWO・On  

the other hand，epidemioIog】C evidence suggests that  

amongpatientswhodonothaveparvovirusantibodyat  
thetimeof色brinsealantapplication，apprOXimatelyone一  

点fthhavereducedreticulocytecountS12to20daysafter  

SurgeryanddeveloppamviruSantibodies12to48weeks  
aftersurgery60This丘ndingisconsistentwiththecalcula，  

tions presentedabovesincethe studvwas perfbrmed  
using丘brinsealantpreParedfromplasmapoo）sthatwere  

notscreenedbyNjrrfbrpaⅣOViruS，dlerebypotentiauy   
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ESTIM＃nNGPATHOGENSAFETY  

TABLE6．EstirnatedviraJeIiminationwhenprocessJngfibrinogenandthrornbin：basedonbothOmrjxTsand  
Baxter’sprocesses  

Log reduction 
HtV  HCV  HBV  HAV  Parvovlrus B19 

Fibrinogen   
Cryoprecipぬtion⊥Al（OH）orwash  
lmmune ne山ralization   

SノD t帽at汀旧nt   

Heat trealment   

Greaterheatsens拍vityofB19thanCPV   

Reservecapacityofvirucidalmethods‡   

Thrombin   
C「yoremovat  
lmmune neulralizatjon   
仙tialfractionation（Baxter）§   
Chromatographicpurificatjon   
S／D treatment   
S／DreseNeCaPaCity   
Hoattrealment（Ba鵬e「）   
Nanofittration（Omrix）  

1▲5  1．5  1．5  

3‘  

＞6  ＞6  0  

＞6  二＞6  ＞5．8モ0＞6、5†  

4  2  0  

17．5  15、5  10．3－11．5  

1．5  
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17．5  

5
＿
 
 
3
 
 
 
 
8
 
 

1
 
3
 
0
 
■
1
一
1
 
0
 
6
 
 

Sum：  

2
 
 

3
 
 

．
 
●
 

1
0
2
3
求
4
沌
カ
1
9
 
 

3
 
 

9
一
1
 
 

1
0
2
3
0
N
A
6
■
7
1
1
 
 

2
 
 

4
 
 ．

 
■
 

－
0
2
3
沌
4
湾
頭
1
8
 
 

1   

0   

2   

3  

＞6   

2  

＞6  

＞5▲5  

17．5－20  

1  

0  

2  

3  

0  

NA  

l．3  

5＿9  

7、3－9．9『  Sum：  

■ Ⅵrusneutra（izatioTlispredicatedonlhefibrinogencontainlngan  
†Thelowe（numberappliestoOmrix’sfibrinogenandthehighernumbe（aPPliestoBaxter．sfibrin．  
‡Thereservecapacityofvaportreatjngisestimaledatzerosincemostoflhereportedvjra＝くimakespIacepriortoinitiatingtheheatcycle．   

T71eeStimateofHBVreservecapacitywithS／DtreatmenlcornesfromstudieswithduckHBVaddedtQWhoteplasma．  
§Ameanof210gremOValdunngcoJdalcohoJf（aCtionationisassurned，  
¶llle10WernUmberappliestoBaxte（．SthrombinandthehighernumberappliestoOmrjx7sthrombin．  
NA＝nOtaPP＝cable．  

TA8しE7．CarculationofviralsafetYmargins  

HtV  HCV  HBV  HAV  Parvovirus  

ViraJload（10g：rrOmTablel）  
Rbrinogen   

Viralclearancecapacity（10g）   
Safetyma「gわ（fold）   
Riskルiai（w仙vimsatmaximum10ad）▲   
AdiustedrlSkルial（alItots）†  

一rhrombin   

ViralcleaTaLnCeCaPaCity（10g）   
Safetymar9in（fo旧）   
Risk／viat（W托hvirusalmaximum10ad）‡   
Adjustedriskんia‡（a侶OtS汁  

5．7  

17＿5  

6、3×1011  

3×10‾16  

1×10‾柑  

18  

2×1012  

8×10‾18  

4xlO戎1  

6．0  4．4  2．9  6．6  

17，5  15．5  10．3  6＿8  

3．2ズ1011  1．3）く101t  2，5×107  1．6  

5xlO‾16  1xlO‾15  7xlO‾12  1xlO‾4  

3×10▼19  5×10▲17  2×10【1る  2×10‾5  

19  17  11  

1×101き  4×1012  1x10888 

2×10－18  4×10‾柑  1×10‾13  

8xlO詑  2×10‾柑  3×10‾沌  

7．3－9．9  

2Y10jjj 
3×10‾ち－8×10彗  

7メこ10‾8－2xlO‾－0§  

r AssumesIvialperLofpJasma．  
‾「TheriskwasadjustedtoinchJdelotsw江houtvjrus（CalcuhledfromTablel，Co山口ln4）andfurtherassumesthattheavera9eViralloadof   

∝血aminaled10tSisllog10Werlhanthemaximumload．  
‡AssumeslOvjalsp（≧rしofplasma、  
§TheLargernumbe（aPP（iestoBaxteTLsthrombinandthesmal曇ernumberappJiestoOmrix’sthrombin．  

vi川Sinactivation．？OThe safbty recordoffibrin sealant  

products，COmpOSedofboth8brinogen and thrombin，  
matchesthesafetyrecordofothermanufacturedplasma  
Pr一）ducts．57Thissuggeststhatfortheseandotherenveト  
Oped viruses，the safety margins of hbrin sealant or  
Stand－alone thfOmbin sho111d be much hjgher than  

required since both employ an additional，dedicated  
methodofviraleliminationand，indeed，OurCalculated  

Salbtymar由nsfbrenvelopedviruSeSareeXtremelytdgh．  
As a consequence．when newthreats鈷om enveloped  
viruses（e．g．，WNV pandemicirlnuenZa，and dengue  
Yiruses）areidenti丘ed，theproceduresinplaceformanu－  

factu柁dbloodproducts aresu伍cientto enst∬e Safety  

This contrasts with the record ofso－Calledlabile blood  

COmpOnentS that have been shown to transmit，for  
example．WNV atleast untilnew screenlng teStS are  
developedanddeployed．FromapatientsafetyperspeC－  

tive，itisalsoimportanttonotethatthesafetymargms  
for伝brin sealant andthrombin exceedthose for】abile  

bloodcomponentsbymanyordersofmagnjtude・Thisis  

a direct consequence of the mulfiple improvements 
adopted by manufhcturers ofpuriaed blood products  
OVer the past 20 yearsincluding deploying robust  
methodsofvirusinactivation．  
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CalculatedsafetymarglnSfornonenvelopedviruses  
aresmauersincethemanufacturlngprOCeduresfDrmany  
pl8SmaprOteins，inc】udingboth再brinogenandthrombin，  

typica11y employ oIlly one dedicatedvira】inactivatioll  

aIld／or removalmethod e鮎ctive agalnSttheseviruSeS，  
aIldparvovirusesareespeciallystabletothcrmalinactiva－  
tion．ThereafenOrePOrtSOfHAVtransmissionby丘brin  
SeaJaJltSeVenbeforeadoptionofNATscreenlngPrOCe－  
dures．ThisisinaccordwiththeRndingthatcoagulation  
FVIIIpreparatjonsdidnottratlSmitHAVprovided they  
wereeitherheat－treated or a航nity－puri丘cd．71Addition－  

a11y，glVen themodestprocessing色brinogenundergoes  
andtheknownpresenceofimmunoglobulinGincryopre－  

Clpltate，itis reasonable to assume that汽brinogenis  
furtherprotectedbyanti－HAVpresentasa“contaminant・’’  

NumerousreportsdescribedletranSmissionofpar－  
VOVirusB19bycoagulationfactorconcelltrateS72andits  
transmissionbyfibl■in畠ealanthasalsobeenreported．58  
FrequenttranSmissio11reSultsffomthehighcoI】CeI－tra－  

tionofviruSthatcanbepresentinplasmapooIscontain－  
1ngunitsfrom donorswithacute－phaseviremia73and  
becausepaⅣ0virusisllOtinactivatedbyS／DaLndisrela一  

也velystabletoheattreatmentmethods・BeginnlngarOund  

2001，COmmerCialmam血cturers of plasma producb  

beganelnPloyingNATtoscreehincomingplasmaunitsin  
amullpOOlformattolimitviralloads・0rigin扇1y，teSting  
WaSPerfomedtoensurethattitersdidI－OteXCeedlO5geq  
permL；forOmrix’sandBaxter’s頁brinsealantproducts，a  

Standard of not moTethan104geq per mL has been  

adoptedfortheminipoolbcingtested・Arecentarticleby  

Gengetal．51con免rmsthebeIlefitsofscreeninglnCOming  

plasmaforparvovirusB19byNAJ：Despitethisimprove－  

ment，themaximumloadofinLectiousvirusdlatmightbe  

PreSentremainsconsiderablqtanditwouldappearthat  
the缶brinogencomponentmightstilltransmitparv0virus  

B19，albeitatverylowfrequencyC止nicalstudieswnlbe  

requiredtoconfirmthissincetheantibodycontentof  
魚brinogenmightprovideadequateprotection，OrpaⅣ0vi，  
rusB19mightbemoresensitivetoheattreatmentthan  
the animalparvoviru＄mOdels used，aS has been sugT  
gested・74The greater sa鎚ty margin calculated for the  

thrombincomponentaTisesfromtheuseofmorevlgOr－  
OuSPurificationproceduresandtheoveraneffecdveness  
Ofnano丘1tersinremovlngparVOviruS．Becau＄eOfitssize  
andshape，丘brinogencannotbcnano丘1teredsuccessfully・  

AmevidencetodateindieatesthatvCJDisnottrans，  

mittedbymanufactⅧ陀d plasmaproducts．Safetymay  
resultfromthegeographicrestrictionsthathavebeen  
institutedtoeliminateindividualswhoareathighriskof  
exposure，theverylowlevelsinblood，anditsremovalby  
StepSirLCOmmOnllSeincludingprecipitations・以trations・  

andco7tlmnChromatographytfavCJDcontaminatedunit  
WaSincludedintheplasmapool，thecalcu）atedsaEety  
ma噂nfor負brinogenandthrombinisveryhigh・Unhke  
viruSeSuSedinspikingstudies，however，thestruCtureOf   
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ESTIMÅTING PATHOGEN SAFETY  

TABL∈9．CJearanceofprjons：Omrixproces＄  

Prionk〉ad（10g；from†ib】el）：4．3  

Logremova】  Reference†  

Fibrinogen   
CryoprecIPita†ion   
Al（OH）extractionandfiltration   
OjrextractionofS／Dreagents   
HydrophobicchromaIography   
Clearancecapac吋（log）   
Safetymargin（foは）   
Adjusted「isk／vjaけ  

Thrombin   

C「yoremoval   
Filtrations   

Anion－e不Changechromatography   

CatioローeXChangech「omato∈lraPhy   
Nanofjltration   

Clearancecapaciり（bglO）   
Safetymargin（fold）   
Adjustedrisk川aけ  

1．6mean（0ふ2．6）   

＞2  

2  

2   

＞7、6  

1995   

7×1018  

1  

2  

3  

3  

4．4mean（1．6to＞5．9）  

Foster，2α）0鉱and200669  
0mrixvalidatedsludy  
Omrixpre抽再narystudy  
Foster．1999匂  

Fostく∋r！20（和気and200669  

Fost即，2000駐and200669  

Fost即】2000菊and2006侶  
Foster，2000茹and2006闇  
Foster，2∝旧鯨and2006朗  

13．4  
1，3×10∋  

1×10【16  

■SeeaJsoadditionalFoslerreferences・61・64・65・67JtshouIdbenotedthattheformthattheinfectiousvCJDa9en－takesinplasmaisunknown   
andthat，Shoulditbep（eSentinpIasrnapooIs，itsbehaviormaydi＃erfromthemateriaJsused．  

†Weernp10yedthesameassumptionsasusedinTable7pIusassumedriskofvCJDpresencelNaSthesameasforCJD．i．e，，1pe（1   
mi（Lion donations．and mean10ad was same as rTlaXimumload．  

thecausativeagerltOfvCIDisunknownandmaydi馳r  
Slgn始candy from the modelsin use・Because ofthis  

uncertaintyandthedevastatingnatureofthedisease，the  

authoritiesintheUnited Kingdomhaveconcludedthat  

recIPlentSOfplasma－derivedFⅥⅠⅠ，FIX，andantithrombin  

preparedusingd（）nationsfromindividualswl－OSubse－  

quentlydevelopedvCIDshouldbetoldthattheymaybe  
atincreasedriskbrdeveloplngthedisease．75Thisempha－  

SiLteStheimportance ofdonor exclusion criteriaimple－  

mentedforal1productslicensedintheUnitedStatesor  
Europe．Withtheseexclusionstakenintpaccount，therisk  

forvialedproduct shouldremainwel11essthanlinl  
million for頁brinogen andless than1inltrillion for  

tbrolnbin．  

Finalry，We Should comment about the methods  
employedinmakingthesecalculations・Inadditiontothe  

ValidatedstudiespresentedtotheFDAandotherregula－  
toryagencies，WeeXamjnedotherstepsinttlemanufac－  

turingprocess◆thatwereljkely to contribute to safety  

togetherwithpublishedinformationfromotherrelated  
PrOCeSSeS．Wba】sohavetakenintoaccountthebene丘tof  

uslngViralinactivationmethodsthathavealargereservC  
CapaCity．Ourintentinemployingthisapproachwasnotto  
replaeethestricterapproachtakenbyregulatoryauthori－  
ties．butsimplytomorecompletelyassesssafetyNone－  

thcless，We aCknowledge that our calculations are  
eslimatesandactual伽djngsmaydiぽer・Acknowledging  

th（！Se ShortcomlngS butbased on our calculadons，We  

encouragernanufacturersandotherinterestedpartiesto  
COntinueseekingwaystoenlaTgethesaLbtymargin，eSPe－  

Cia】lyforr）OnenVelopedvirusesandtoaddressthetheo－  

reticalriskposedbyvCJD  
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