; GHI Je3et 6T{ WO 00147240 ~~eoi ~im PCT/ US00103546 METHODS OF | NACTI VATI NG

PATHOGENS US| NG BROADSPECTRUM PULSED L D OF THE | NVENTI ON The
use of biologically derived conpositio Wﬂ@ fic research and in the
manuf act ur ewofeefnas Maceut i cal / t her apeuti ¢ substances i s u Hunan
blood is routinely used as a source of prot@‘?o?{ 5 agents forﬂprea rrent of

various di seases and disorders; for exanple) blood plasma is fractionated
to provide Factor VIMETHPRE(QF INACTAMATINMG OMIHOGENSaHNSLRG rBRQADA bumi n,

i mmunogl obul i ns and pl atel ets, a3PEEIRUMASUGERBr LIGHY apeutic agents. Ti ssue
culture nethods are commonly 10 enpl oyed in the production of numerous
phar maceuti cal/ therapeutic agents and rel ated conpositions, such as
reconbi nant DNA and/ or reconbi nant protein from genetically engi neered cell
lines, virus vectors, anino @&WOUBEpPBngE I ¥PMnd nonocl onal

antibodi es. 15 Si mﬂeanisxe o&nbﬁahoéﬁéaﬂﬁd deAGRIE Sonpesl tasnBOYhNe serum

al bum n (BSA) and ep bl ood nent are ro tinel sed in research and
manuf act ur i ng:°© Jlféb trﬁ§§ér8§nﬁn8§| o "H‘é‘l (fyf’ om | i ving

or gani sns, i ndamhaweuticaly therapattiasuptances tisepbiguizéube
contam nat ed })ﬁﬂrﬁa{% %Fod?{ I rRuti hEEFSus R ELd BRirdd e ﬁgt% EQHG”S Shoul d

a human or other animal cone into contact such a contam roduct ,

i nf ect i on, 5 diXISNES HRF SFreRtAeRELoEf VARtoYs Alaehres and Fé§9F'FlerEFh| s risk
of infection ¢& adxdmild,CcHIdodcplasha efvadtiordtdd doV iptedlidgust be

routlnelytr tedW| 0S| onf r.ol onged iod of time; for
exanpl e, sorre qﬁ@c?@ gém ap i’/ﬂ?'fcg‘g? \%ﬂrﬁﬁps%reEEdnderl ved

conposi tions ainuumhe; rimminagd obuléss Shdi platel etper senweldviasgosheer el y
conprom sed | ch S j t %’A r I

Def i ci ency Syndro éz ){f%g%i’,e"}%e atalis&a8 g‘i\%d& O(ﬂpt%?f%“%ly

PCT/ US00/ 8854empleyed uimrthe Srofyctinncet | Bimeres alppudiaceutd cadit ani nat i ng

pat hogens in ehetogéeeeid yawfﬂsveﬂdceameﬁealmomm§ keidhg akr eated with
veterinary phar maceutical g, .are kew se gi"%‘ﬂé fromcaontamnated 5

conposi t i ons. T FRORRENT Y PYA, %Pﬁgrﬁcﬂ‘ iPFLSGIDAE® t he i ndi vi dual
rrecei vi ng t hegenet bgally | gngiceiered cejpolinesn, vilm:s efd@mirisyeaadnoof the

conposi tion i 8845, "BYp @&,wmmﬁ%dah& %Qﬁo@i ﬂfb i3, bacterial

and ot her g ogem T cont am nant s. 0 |ca |ve ‘conposi tions are
not only &8edSiRiiRElY, o%ﬂq]or’i‘etﬁlvﬁﬂaﬁﬁéﬁéﬁ'??ca‘l“f‘f’hésdﬁ?aﬁll’@ £@E¥Mances,
but such proddtbamgne (BSEP éﬁceqalﬁaﬂ blosadcanponeyes tard Aoutdnelgduce

reagents) for Qggl gﬁhgggeggéﬁ ]_E m}am%gc@u?iﬁh()g' cally derived reagent is

1.5 contam nate a VITUs eria or other pathogen, the research
proj ect for which BFCPESEnbl\%@%cpw%lpéﬁdéredd%év stromdondingsi ve or,

even worse, nNoghaadshg, Bh@?ﬁ'dm@(iuﬁﬁaﬁmst hahlﬁ\azsf aﬁaugmxhﬁ/s us@fey kan

manuf act urj ng and resear CF é Jrrﬂh A and \% Iasna pr ot ei ns.
Reconbi nark® DRR £RBCARIPAFR o‘m%r?é"l “‘Qﬁ'ﬁ HbﬁFﬁgs' ?%T‘ T iWPrs and
rel ated corrpoamem'npa&.hegahso eShoplea dumanobrgpthet yanimal etomeoonposi ti ons

used in both re3QAlthtdRe BRAHT RCLAHNL I ¥R HEBRu! fieLOEEEN,

disease and even death of the individual can result.
This risk of infection is of particular concern where the

25 individual must be routinely treated with a composition
for a prolonged period of time; for example, some
hemophiliacs are regularly treated with blood-derived
compositions for their entire lives. Similarly, persons
having severely compromised immune systems, such as those

30 with Acquired Immune Deficiency Syndrome (AIDS), are at

-1~

aaaaaa

.

*150150%




25 products are less likely to be contam nated by viruses, bacteria and/or
ot her pat hogens, such contam nation is none the |ess possible. ’ s
Addi ti onal | ywowehensesuch conpositions are used as tools in research, if they
becorme contaninated, they may pose a significant risk to JELYRNIBEsear ch,
maki ng cont a!?ﬂl‘r‘faitqldmrofrisckncefnihﬂé@tia}heﬁecfnpre%o@ ol ogi cally derived

L. . ur . ? .
conposi ti OnScorﬂﬁ’diI,{alﬂiﬁg ¥aEE?§§ngf' h#g{an or, ani mal 8r Bin, including for
exanpl e cel | ] NeSt bl o6d” andr or pl R mtolagigaldysderdyedt viral safety
assessment s Prir6r tdoREr kefniBalsbeing dnteatear wdeheset Q%(}i,di ng such

saf ety assuPhd¢macestidelseaté N QM L a@trgr hals and product™for viruses,

-2 WO &0l ¢£56248sk 00/ 03546_hact eri a and/ or 5PRero tApbeaged at specific
manuf act uri né%&epgéggf ngPﬁ?n? 14A% FOa POFEBg0R pislerosi BeFQstidn tests.
The ef fecti VEn&8E dpdividnaly raaediviiaiss the bh&&&ﬂc@hﬁ"@é}f% test
met hodol ogypoapsa¥t$6ﬂ$itﬁgiéﬁf%"[ﬁlﬂ?5§ Bgs%bl ity of an Vfittiet ect abl e
unknown or gu{apgds gé}lhg en Sg,pem ally a vi Fig. comresktskan itsedevel opi ng
manuf act uri ng pr OCEess s'%pﬁ%ﬂ: sté’@ep§eaﬁacénofu¢|ﬁhl,héﬁaélf&i%§§i gned to
renove or iffEt PEAeE MathagmniandontaniAgaeeat hogens from such bi ol ogical Iy
deri vedl0onposi t BOH1 od , sses are tested for their capacity to
renove or i Pg%%é/at e :%-If ra}? s%teglgﬁg FapRPsLkiang axe meduiondy ageRDSt
appropri at e’ RABictian PégRhRrhateut e HiHuYRPeRlt 1@ACh Process step
det er mi nes S¥Rstanged,| beftf eakbhVaPEESLL 3/.6[341 cl ef'a}_r ance. For exanple, at
| east 15 a xufydids :T@(pgoi ﬁg_ i.n_viral content 1% TrEGYUEPEAYf usedaad process
step. currently, numerous PHYGE Feagrnkmi dambtiodggheast eril i zi ng
bi ol ogi cal I§F Sfed #b8Posi biohsy k£l By aidrakled: r@gggﬁ@l L%, t hese treat nent
met hodst¥ nctardandthaplews ivg ah greg.{uﬁig $NeT gal met hods, “he&t met hods,
irradiati ortﬁgat:}égggr?ﬂd gr.ef erably, sone ¢onB¥nather pathewdn, Prol onged
heating of bi ol ogi callyPE8sFTE of o il iignds empabyeat e saich
conposi t i ofENRstIRdoHEcdesaDr nehetlividlveadent SyER LPpsd with heating or
irradi ati omiz3 eadghgof ; Bp@%;ﬁ&é}{ctso%nt ’det er gént ~ et hods of viral
i nactivati o1} ﬁ&g %hr ee of t NoSte ¢o e 9ras§§emrmus wfedlggpnt am nati on
of bi ol agi cally “GEPF¥BY qaxsis inkduaeeBSA NEnd | Kiha tc{a%d of _
deacti #&t i haghapprhtgims, especial ly viruses, in biologi 2:962111 y derived
conposi tions 30REBBSMBESIhPRMER Successf ul against a broad-spectrum of
subsequent wrggt hog’gﬁl C atgen s.anéuPFﬁEPﬁﬁﬁe,m‘Pmlmfan et boRiegds require
further procéessi hETEPFe Hndirelegedaktonpondsi dhd hid) a‘irs%erexgg enmove t he
cheni cal s efpbb9kogicaXiBaddriFetingohhs y{:{&ies bact eri a_androre3s ot her
pat hogens. résesHent d g lT}ahe%e %ddi £1ohar pro ses%?er?g iy €9§hi ncl ude one or
more eyfraction steps andrgpcreringrprpaesser. PEH1W8OUL@3a46 chr omat ogr aphy
st eps, “hi BROHrSHRitaneilops Adkeagesot he @&%aﬂnar@'&”%%‘:t ur | ng the final
product andactéeiefdid.od BEHE Sﬁé %ge retai|l price of tKérBP Buct to the
cust omer . &o,lfé(egﬁ]alré/g)hysiﬁﬁa FR3R % df4ctbicontamisabienotsi nact i vat e
viruses and/ or of her*CoRCERRARt s Additidmaliloh! wheResial,i zed filtration
met hods, afPTRARIAEidmsomreogsaphys 861 £XG & a2 omatogr aphy and
pol yet hy| evecghe/ dnt ' t] Ho Therena éflghﬁﬁ limtati

_ n a'ixﬁ&%‘tQHa {:on. wever , € r ®Eny |imtations
to thegg pé}?;&l cal, et hods, par ey may Yoifer Sdapicdopnti tigwstgannot be so
filtered. Thus, e[stfatrﬁé"dEQFéé‘Jf¢¢mtatimidhhbqngggggg,th¥e%£d ot her physi cal
of —de

met hods are usderelfeyeqar BibISGHEN 1Y (338 Vi) Gompos it contam nation

proceduresg;a@rc,_ﬂﬁml @hoég glg_olguce tions,

uman or animal origin, i i

> ' » 1ncludin
or'example cell lines, blood and/or Plasma, require ’
stringent viral safety a

35



15 relatively pure solutions of Factor VIII, Factor |X or inmunogl obulin)
bl ood pl asna nmay be first subjected to a sol vent-detergent treatnent
protocol, then chromatographically treated and final | ypduidohigsad i | t ered
to yield MRIYUEE ed fi nal product. Utrafiltration my 20 be used to

el imnate parvovirus from bl ood or bl ood products, but this nmethod is only
partially effective. For exanple, it can be applied to Factor |IX

concent r atiegctdria rmci/tcﬁ: ftle®r ph{thbgeﬁ/hstt ypédiﬁﬁrmwr;adm&w&iai; removi ng
or inactiv r t ho ns cont am nati ng
bi ol ogi cal ?‘Eé%%‘[’l ve i%%e%sclttqgg&g é?e%s@xfl‘gﬁgﬂ f%i% O%% in U S

Pat ent No. tqsssm 5htee ( ilyenggsapf) testing mmlﬂ@ 143 94@1@49

é Dlt cht el muby eévaﬂa@;l?eo)dfteévﬁb lS,etBeHembgin aésﬁ&ér%h#ﬂi&:yz andl Eﬁéeé’ 02138

at en )

(Zepp, %IO Bp= %ﬁ%‘tf{}' o1 %ﬂwe%eggﬁgiﬁ@?%% OLat™ aq"} These patents
descri be cpmthwm@mpmﬁpemtaﬂyt a virbsol oDherdforalerin etbvedpdaigt i ons,

particul ar} %{TW m&l%sgregdug Eceéé'c%\: s P28 Bl d%%”@hé'&a(:t i ons or

bl ood 35 ce (erythréc ets or protern -

001 47240 PaYe UAeDiPed &g RAMavVen Sy, lt‘é“-?— Rt Vel ruses ande(m'/ ethBxcteri al
cont ani nanpatho@ens NErdm sl bisldgetalbg d@ﬁNéd)%bﬂﬁﬁél(ﬁi%nl nclude the use
of at éﬁ]as,&hong chem'scal a ent t g her FCti ‘(’jﬁ%f] de t he cont am nati ng
or gani P2S PERRLTITL 4% e ?’éd Jyaé er° & Eal agent or
heat or radraihaptivake ofirnuges G@nﬁhﬁeueveba@ﬁﬂﬂfm ratRiized owr e

effective ﬂastnaﬁsréﬁﬂaﬂm e Wnieh sbﬁsBQC€h£01§@£@iﬁﬂﬂi§%dJ&Hoh§eat ment
with a si n?@ﬁ hem cal ent. For agp*;la% nts have shown t hat
t i ¥

cold treat eﬁﬁ"?hpr?ﬁ ik &?@eﬂ“bﬁﬁ y 0-3 log inactivation
of HV andeSﬂdetimepésas;rmf(\Scde (d:llearancal. Fdﬁ%})@m}ﬂrﬂi tdtatl elaseat nent of

bl ood plasga }%tbog %é@qe%@i&f a%%&gg ﬁ&g&ghgé gee% % & g&cte'aeﬁ from

hepatifis I'n Pecti o y about whereas, an
i nfecti on PEPEE8F SEPR: resulted fromuse of plasna treated with both
p- pr opi onol act ooaraently | rmukcdctls matdhatisoaf décokamipmtiaig ar. , " Hunman

Fual uat | onFEThbRESpY TRISYSBNEY Rei R L ARPORE oy é%ﬁﬁébij', "ise of a
si ngl e chepvaalahgent Gengrakly.i ﬁé@ﬁﬁv&!—'ea*v'mﬁat BeFReER nidftladen

bi ol ogixgal by ﬁQ&h!eﬂeﬁﬁmﬁ'dné?ﬂ%allsméeﬁaa‘snghéﬁﬁsmélﬁtﬁfﬁred U.S. Patent
Nos. 4, 726,,9 866, 2 gh%‘qu 4952 et. al herei nafter,

col | ect i Ve|i§ragﬁgtwpl i) p&@éEFPgéyt h§ ?r%‘aﬂ‘%’ﬂﬁ a thin layer
of white blkhedeofl.| stlbngléd rreedtdingt cfabiielcgicpllyiaiemiate y of a

wavel engt hc%in %ﬁgt@ EO §39a&£§ntf Ur AREH! Bm 55&913:55 WiH Ghe Idr Order to

cause the wh g I's to substantiall X ose thelr capability to
set of f an“ﬁ%ﬁ@e?“ Séiléﬂe‘i‘ﬁs FPRRINGE ik, BRAHIRG P . 1xFpdiation, patents
teach tamt thletreati;ohnd tgébst esvlvdntzdettgrgbhtanethrods gyf atiyamavel engt h of

254 nm ar e ARG AAH-LRACIFIAG LWBEIRSRREREY GELR A ot at 35

such a wavel ength causes
of decontamination of biologically derived compositions.

However, no single method of deactivation of pathogens,
especially viruses, in biologically derived compositions

30 has been proven successful against a broad-spectrum of
subsequently pathogenic agents. Furthermore, most of
these methods require further processing of the
biological composition in order to remove the chemicals
employed in deactivating the viruses, bacteria and/or

35 other pathogens. Frequently, these additional processing
steps include one or more extraction steps and/or

-3-



-5 W O 00/ 47240 PCTI US00/ 03546 Simlarly, the WA range (about. 365 nm is
i dentified undesirable as it does not provide good reduction of the

| ynphocyte al |l oi nmuni zation effect. Al though the M ri polpalsgidssugdescri be a
met hod of W P4dt8ti ng a bl ood product 5 (nanely white blood cells) wth
ultraviolet radiation, there is no indication that such nethods woul d be
useful for decontam nation of biologically derived conpositions by

i nact i vat idirotiaiss@aphpasteps g Wik rareinaicadihodaeeprases teet here any

i ndi cation_that Jbr - S 1.0 i ght l.,ch_pecessarily includes
light in b%‘f% t“ﬁg “‘%%g'f%%%%?iﬂg]a@%n‘f’?"a‘nlgé’sr,"%g‘c?& g“ﬂm&?‘ﬁ’ée?%?bved
decont anmi nkngreases ¢thepzetdil opvice nf dihe pradiugti 8o thene. Wil e various
met hods ofg xam nation of 15 biologically derived conpositions are
known and used, no nethod has been develop%ﬁﬁthat is reliably effective
agai nst3nost pANEIREATY RhYEIGRYRTEIRAS AYaidableaFopEeraye| 9r used on

bi ol ogi cal inadeivated vdamsesi bhayer i sklariduntardnapest iacpaaéei ns and/ or

ot her bi og@@y %@ﬁﬁ%ﬁ%}i ?%fﬁ%@mé nga%%rd%l,l %hfrfq_gg_itge a great deal of

time and protein or ‘other agent sought to be
r ecover ed; CHREAMALQHRAPRY piesnaxphange FHYRANOIT2PAYdaR8nan al bumin require

heating atpdlfetiisleHe igQycblh@vastiond i . vVcvevierSeherBaar¥@Vi rus, 25

hepatifjis A an t.her. .non- Lipid envel o Vi es _hay een, found to be
eorst bhe BEch GUARRCARE, sehtRefd Pnier etERe, bR IE AP oo
denonst r atwen graniys capposdEiiongancanerthdee snfdditeredon. Titheente he

preval encepid SlepQid FTRFbic?BnTEERSEHa tYGrPpHRH &ndAd other pRYsfEgNts to the

bi ol ogi cal | dqglved (of0) 05|h%on a punber nethg@s have’, been_ devel oped
far rennvi?é%?ﬁ ﬁkﬁﬁﬂiqég%'nﬁ Melrec NG ighongr A8 as§ER188cBht ani nati on
t r eat ment . déosntamirtd onlpSocBdtieass Nosxr ekamipleh 73 o Meodatk, et al . ),
4,789, 545 al_. , 847 I S . ..descri be
differgﬁt %%P§E¥Xféﬁﬂé¥§fhgoé&??%%%o?%ég%%§ﬁétho d §?°§§%a?§t%ﬁg a

bi ol ogi cal HMRRIIRRRKiMmaPlorddaeasha oMY Re dHaifitc #UPISRESH Kamts present
t herei n assalvémtHdetdirdemtattreatmehtd pestoddolat &b hogeni ¢ cont ami nants.

Fermve. p e BT SRR A Y ?g?gg'aéh%’@@iﬁ%ﬁﬁél‘}ﬁﬁéﬁégﬁgiﬁ@%%%823‘” '
conposi t i okoi ¥iekdiddie siusdrednhifinabapreduet andldanddlsratdgunnay
cont anppanpé Wé€a Ko CANGRMAteN pHBRET BEGSIM i H1odS oRIblb8LEOgI cal |y
products, but this method is only partially effective.
For example, it can be applied to Factor IX concentrates,
but not to Factor VIII.
Other well known methods of removing or inactivating
25 viruses, bacteria and/or other pathogens contaminating
biologically derived compositions are described, for
example, in U. S. Patent No. 4,540,573 (Neurath, et al.),
U.S. Patent No. 4,946,648 (Dichtelmiller, et al.), U.S.
Patent No. 5,418,130 (Platz, et al.), U.S. Patent No.
30 5,527,704 (Wolf, Jr., et al.), U.S. Patent No. 5,663,043
(2epp, et al.) and U.S. Patent 5,866,316 (Kempf, et al.).
These patents describe combination treatments of
biologically derived compositions, particularly mammalian
blood products, such as plasma, plasma fractions or blood
35 cellular matter (erythrocytes, platelets or protein
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to derived conpositions, viruses are often of greatest concern. Viruses are
frequently. grouped based upon their genone, i.e., DNA or RNA viruses,
and/ or acc‘gé b/i@g 4 0 the physical characteristic of bei ngeenusiammé or
nonenvel ope urther, individual viruses are generally 15 categorized into
a famly of viruses W|th whi ch they share certain evolutionary
characteristics. Thus, for exanple, viruses in the herpes virus famly
(Her pesvi r fdaetions) privel iopext Dk ey viloradsanddoyi basesrial t he Adenoviri dae
famly are ir 0 f d and

y c8 aﬁi‘ﬁ%@??ﬁhgam%]ﬁ’ $¥2thes Eﬁ‘”@kg@& d%%ﬁ:l?ﬁ?

non- enveloe RNA viru I'es are, réspectiv faviviridae famly
(which | ncPﬁHEst(eWWq%v@fa ey ot H@p&FPFFs"(‘P V‘Fli‘%l%ﬂ‘])d FgeENth&ED ar r hea

Vi (r]I us) andelbﬁePl aﬂfémy ld&tﬁ.—a‘wwme coltafiinhating esrditigyidito Rhi novirus
an Hepgtl

I h t hat t Vi | ent
to humaRs 3n 79;'2%%\5{ gfge%/a‘*\lg %hoﬁ’gggggf‘/ ruse’% ‘ga]bgre %o\r/\!srgrgnof

gr eat est cbasbrari nadikayeiemi ng and i npl ementi ng decontam nati on procedures.

Such vi ruses i ngbgdes i@éh B fed '%%re\é‘&\ﬁbﬁ’dsme&m&maé/@%@}é‘“ ng 30 Virus
| myunodefi ci ency Vi rus atitis Viruses and Bovi ne

Ural bi o PR2ectiVRoSRa inRe HehiAnher Hath, FoRERt cho PR BRUSAR r o

I nfecti on thah hveatn€i® pirlv v isimylearhemiohl agenmtscaFexrage, or in

stgnt ; ;
P ansnitt e SXATELR, BxboPBfedt HnAf sovh Ehule 203 BTCHOUbRAR I 0 10 i s
resi st ant IBGPEBPH°P\E§F°{‘? e%%%tpré’f’i’&% PoRY/ AzBetg@ninacelyafelan |t has
even been fofaHIN hhadswa b hic qriaemid | (Behelid@aredt byl a, cmﬁn)n,atarsm of two

i nactivati Qﬂa@eigggﬁme&m&@%f&{&’ ?p"las‘x’a% («‘f@?]() ul frav il vﬁ? 1!1% { he

environnment and 1S a serio nar O en agal ns ccines are
requi red. Silgnef bravided protegtian mm bnpm‘;@he@s m@him\ﬁeo been

denonstyisat %@hgaa&ehe @6%'6§C£ﬁé/3:téd‘!€bi|é|n\éswe€:ﬁe995sefiﬁciﬁf&@ﬂﬁl nst CPV
(H rayama et Si fm Vacuol 388@' rus (Sv40),1s a
r

non- envel oﬁ@&eDﬂﬂ GFFﬂsre?‘h]a areregteittcurred in the

| at e 1950s batrdh éaplry:pieﬁalsacxtmte poid mla:ltdvadéabvradlisat/mm ne@L@r epared in

rhesus non | 1 §4C ai Am J. 15
g“ﬂipﬁ% §t 19%%15%%&9@ %(#%%QF wieh ultradi

~pi de~i ol o e epi \/gl C_surveys %ave found no
di scer ni bl é“ﬂe?&PPéﬁéﬁF ORRt ethX s fldnigab\vabpat bele! opt of tunors

(in par3gd culsam.: 7m-aaso¢mmpn) betmasy) wa&umna@bﬁwous@raﬂra' nat ed polio
vacci nes an (ﬁ o (ilen e, of 20 unors ag gﬁal D; & g ovari es was
found), r eCent Sagu%%%%% 3 cf'}ﬁ 5‘ gv2Y e*h3en detected in a
variety of aentaminapteedn Fbelegkeml ly, @\M@eﬂebampqsmmasmeen found in
choroid pl @g&,@l%@orlgsseggggygpé@s mesot hel i omas and ost easarconmas. See,
for exanple, 6: 988-93_(1992) ..  Carbons, et

et Med. ,
al ., oncogene 9 ers%gge(“i%ﬁf b?’sﬁl'a?n"(fd, 4eg%él'282\]a“%n‘\’/??% 81%at hol
Toxi col 280nanllxipal4: 2&- ad. (1395¢inaﬁthwrddwept&t/eay,,tEanneriﬂREB

56: 4820- 25 éa]tge%@ e ec%ﬁgee?{‘ Ciho%ﬁro Q\ Q@ %%B ig&g{flggfrom a choroid

pl exus 30 tunor, oay It is
uncl ear undéritghdlagd c—‘@ﬂréﬁaﬁééb uhtravigket r@ﬂtleﬁtioswo contam nants in

bi ol ogi cal | yrétedm Mk AQMReSht { hQOélEﬁdj‘tl‘x nd£0s0 9l RoCBRY R thai» product .

Thus, it is_advan r{ at renoving. and
i nactivati n%b%&%%gg:@nllsl ﬁ‘lﬂngﬁgl 2l ‘i’ff;‘ﬂ:er‘ic\/é’&“@(?ngf} {‘gﬁg prior to
adm ni sBpatbbrodfceXis s:ammubsgantiMﬁmda?émmeﬁ@’rldas@blﬂaﬁyGtUnéett unately,

SV4o has begge f oty & a%lti h"?hyaﬂeé‘héﬁﬁﬁlﬁ{@z@d ng'afiiteis’itbe The

|ncon5|stentl I nacti vat e QFOBIO actone treat ee Lelil e, et aI.,
J. Med. V¥t !2%’(333‘2@7@0153@ hpggylteaviadpk kydbs gmifting

significant energy at a wavelength of 254 nm are to be

avoided in practicing the described methods as light at
35 such a wavelength causes damage to blood cells.
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S Bioloaicals, 26(2):135-144 (June 1998) Human | munodeficiency:Virus (HV)
is a well known non-envel oped RNA virus that causes di sease and death in
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chei dl er et a ica e arly,
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-10 WO 001 4?7240 YCT/ US00/ 03546 energy |level. See, for exanple, the above
four, patents and 5,900,211 (Dunn, et al.). Inportantly, however, the use of
BPL to decontaninate bi ol ogically derived conpositions h@mb/oﬁw etof ore
been descrY®aWs10 5 contenpl ated. Wile BPL has been denonstrated to be
useful in deactivating various m croorgani sns on the surface of solid
objects and/or within certain relatively transparent fluids, there has been
no suggest gt o FP, U o] t iologically
derived 10{“§gpr%§5| o%%ﬂc%;n\lf 'Hﬁ i’q'pro éPﬁgfg g%g?q’%?hfe i|)om)| ecul es of
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conposi ti OBSraéﬁl&fbﬁntﬁéli&ﬂ%r%s?rb@ delat:taveaeuishyha@dnmn any case) in a
concentrat ed
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non- pul sed WPPéﬁFerB ©exanpl e, pignented bacteria, such as Aspergillus
ni ger, are knowwhiidebbaaoberia esndtchitext patthogdnati oantaainamtes lmar | | us
spores. In gt skRg t@ﬁ’ fs 'I . i s nore 25
sensitive, O% légh%%%ﬁr ?gcrggﬁ)ﬁga ﬁ%@\?\eﬁr@eﬁ gélgy%%e}e t bacillus
spor es: 1°Ba§iell‘-11-ﬁf9§t ESRBPRAE hORR |*{ﬂsrusa@cuameu§f§em pfigreprtestBaci | | us
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en

ei ther "dafe"&MSyndt e r 2DHaPr carEph }nq(*Eﬁ‘ ,
Di sinfecti (ymys'itcem Ichaatacoeraﬂduf’r@s&redaig enyvelopededr, nd¥+| i ans and

W1 ki ns, e%\élo% %91) Iﬂégppm&ﬁl tlt Y&?uggfb%‘ﬁe' égﬁérgﬁffk or light

enzynmes does not “occur IS Us WO 0014?2d0
PCTI USOIBLO3Bt®gnrdrzedr datpsm famtly ;f viruses with which they

Baci | | ussubdydies Jfadal; huswmhuamﬁsjpe&mﬂa!d&ﬂe&%s a eahs| dign spor ogees,
Cadi da al bicarts) Staphyl ococcus%é?reus Escherl ch a coli, Sal rmnel | a

chol er aesui®XalR} &ps Y3FYF8Radnabl , et al., "Brand New
Pul sed Li ghtHeltpersvinzddhiepnabe Teshebomay DanSmalsiebi andBoihuses eirt abl e

Sol ution ang,d %@&d&ﬁﬁk&ewméggga@mcﬁi%eaoa@asaﬁhedleﬁswe PDA

I nternationa ngress, Japan “Q/& sence of wavel engths in
t-he vi st eE’?aé‘Hﬁéeﬂ‘ @t gBVedPPee aRd nanse l°PP3rr§)‘W‘I VdRESas does the means

for 10 genefamilniged heret, Wredpbtetiealy) ity Flawikviightdaies famimirl y gener at ed

SRt o X W RN e R L I AL I TN P

generated b anps using an inert IS needed is
a new net ho#gpPokne Rianrhed; Ngrms)vw@s@se BrarnavirifaeofaBiber pat hogens

cont ai ned | Pukbiéﬁ O Aldes @%&h&@ﬂrﬁ@ﬂm&md\ﬂl&%s \Mﬂdclﬁepateuscm ve agai nst

i oy ot ory SRR T SoyR a0 EhpE e e ek Aaso BORT: FITeiMb ot o) ng.
the 20 effetmlvmm agfd Adre mostaprgvalient . in biologically derived
compositions are of greatest concern in developing and
implementing decontamination procedures. Such viruses
include, for example, Parvovirus, Simian Vacuolating
30 Virus (SV40), Human Immunodeficiency Virus (HIV),
Hepatitis Viruses and Bovine Viral Diarrhea Virus (BVDV).
Parvovirus is a non-enveloped DNA virus. Infection
with human-B19 parvovirus may result in miscarriage, or
in persistent anemia in those infected with HIV.

35 Parvovirus may be transmitted by blood or blood products,
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can infect recipients of that product. Thus, it is

advantageous to make an effort at removing and/or
35 inactivating SV40 present in biologically derived

compositions prior to administration of the same.
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15 the protein content of the biologically derived conposition is

parti-cul arly high, for exanple greater than about 10~, it nay be desirable
to first digybRrie - conposition prior to illumnating teeensemBsssi t h BPL
in order to both better control the effects of the BPL on 20 the proteins
and to better control the inactivation of the pathogens present in the
conposi tion. Further provided herein are nethods for the inactivation of a
plurality i i resent y derived
25 conposi |ons gt E?ﬁg‘ﬁggféggﬁéﬁggﬁgtﬁh%@ 5eQaP&PLQgt %% sel ected

fromthe g?%ﬁﬂ@@ﬂi’sr%ﬁ r\'@ be WF%%%S‘:‘B&'C]{SErlrrkilCtFlUﬁ‘g"PdahH Briors and
wher ei n prpé@gbﬂﬂammd deeatidhel OSéErLélx@m|eQ:Cla|le$ of upB§erest in the

conposi tiop, are n bly alt n%g remsu efectlve 30 for
their int eﬁﬁ%%i-'rluqip’o@ %\léﬁé;%hret(ﬁ% clgg & sqrﬁ’d S@?ﬁig tol ogical ly
deri vedS5coBjpabéaicals,o 26t(2) e 235~ bhe plNnse Jdif9ﬂbr oad- spect r um light. In a
still further anpRat Inﬂr&wqezqcméﬁsyw&& r@lmds.sofa waaitkﬁéﬂng at | east

one m croor anl sm 35 i call er.i Siti on by
oxpost ng.« PR CRRRaRaE, T vt HRe €, SRRy disesag §RaSARRER {n S0 Tq
WO 00/ 4724@umT$USGD1dB5¢®PIbpn2¢te chdi(tmr% HI¥meanobe. 0 J/ cms, wher ei n

ener gy denfhéé’ti\ﬁaﬁ’@dﬂw %@mﬂr& E.P?aéi'étf_f&r? (%‘alta*leettaﬁﬁlet ARhect), short
duration (i | O ses Of I ncoherent,

pol ychFBNM?%R—ﬂ r‘?(d')brséaéss %%%?:)Ur Lﬁﬁd( QY s°§‘e chemgcal$i o 2600 nm 1.
8x101s Hz tnemlcPe(Jéﬂ aﬂ%z)_;ﬁe;m_e_mmy Pa@)s1patrses, wibdspe used. I n one

particul araspect. . the | 'i\‘.’l: t kaB. Qs 1 ggﬁ t he content
of an active pat ho en é n%%m tion, the
net hod 10 é?)hp??%’f‘ﬂggt tst é888df pHeNE Ty HéigrzoFB@PEaPWYderr ved

conposi t i obieDied | friatg iva tlieasienebped fmgari cdadtohkufEoheidbet he
bi ol oghgal riwv it i t € ogg h-intensity, short
ournr b SELL PRI 38K badled SpninerisaBs

Q %{ romat | ¢ a broad spectrum such
15 t hat th@“&b%ﬂ’éﬁ( dreate Hreatps Eo@%rﬂ’r‘é*}"esd EI‘ 5§}°‘é{"f tetB? of at Ieast
10. In anoéhﬁecqomérn-ulm‘lyaspget gompesimmmi(mrzarmoetdem a m of

i nactivatig VAT M5 881t .| Rmflobl P! @@%y 2%8% ﬁpsggn‘ggsr tion which

i'ncludes a rising the steps of
provi di ng &N8Y ol bRl [Wpexeas, Bath oiEVs} tansh ~2o Fan ?Pn@“ﬁcﬁﬂé‘hﬁ%cul e of
i nter eab aagl mvaﬁpﬁopﬂrad:er Isburveﬂﬁngeﬁdmﬁ)wt@gmal EgwdRinweés conposi tion

wth at |va pdgtsealof v? ?%nép‘? U|1§Qq0|7l ?tﬁ ig&@ that 25 the

VII’USISI M "a ar ‘aspec elnbentlon
provi des aIbr M%g#l:%ﬂ’ Ihﬁ%rﬂ%@‘teénbb%ﬁ‘- tHBh Q%’ntbar ﬁﬁﬁgtaVBFMEcul e of
interest wai Ebmlsﬁﬁ@@ﬁdr{ |1Qréa|%&h&nano§0'¢riyﬁ1& rmghctoahanthéedyeﬁd by a factor

of at | easf %&ﬁ{&%l O? ogl c((akﬂulq i Bg g)(gng&@é S %C’E‘%S;JFL%E treat nent by

il lumnati ng erive | on w Feast one pul se
of bro&8- spect r Beybug sE&ral @wrrgaeh\um t'ﬁ@‘&)r A§s ansenngeepPedt ed whil e

sai d bi oMORAAU, Eri&€NBdls tHOIFQa Gl Fis af4AmdEr thht causes severe
disease in cattle. Because this virus is able to cross

the placenta and infect the bovine fetus, it is estimated
that between 10% and 75% of commercial products of fetal

30 bovine serum are contaminated with BVDV. While it is
unclear whether, under what circumstances and to what
degree BVDV can infect humans, its presence has been
linked to infantile gastroenteritis and microcephaly in
humans (Harasawa, 1997). Of additional concern is the

35 fact that non-cytopathic strains of BVDV can incorporate
host cell RNA into their genomes, thereby raising the
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WO 00/ 47240 PCTI US00103546 Tn still another particul ar aspect, the
I nvention provides a nethod of reducing the content of an active pathogen

present inygoRiRhPgi cally derived conposition, the nethopcwoesipoissd ng the
steps of providing a 5 biologically derived conposition conprising at |east

one pat hogen and at | east one bionolecule of interest, and illum nating the

bi 0! 0gi cal bk yole” by ShcUETEYORithiR SbntARfuORRIN dinkgtensity, short
duration pul se of incoherent gol chromatic Jight, in a brgoad spectrum such

to that thEOBEARERRtEd FBi5alhbyRn iLin edhastd VakdoBi 8fol ecul e of
I nt er est | BVDUt halesheay exthiléReBFuBESGREIEh(ha XaF; BiehDRAW NGS FIG 1 is a

schemat i c Wl goBloldiedd@a(sbhnlatpheetla ) Pdiflaiouil sed | 1 ght
processi ng apparat us t hat y e used to C anmt nat e bi ol ogical ly

deri ved 5CO?(5&§) $13P3L4h WG ddase - wi A R IdYanthepky Exeptmentihi ch

appar at us ggpyeys tdr o elioteky hasceskrplsticim wol AicBowplebhtdes conposition
20 pul sed FPnfsSERRE s Byby faefe? SEEE SR " teda s BIbed] Cle Tr cal s
bi ol ogi cal ' los Bt | 6 Frof ) ARFit8zdi (Navl.y 18RBPugh a j acket
surroundi ngp@iofl PPJANSWbvdrIC @ReheBbverd ot | dritlond@ldr 6eathat provides

hi gh-i ntensi t short-duration pul.ses of polychromati,c 25 light in the

br oad- S0ec EFEREMSPE 13 1€ ARRTABEARFE PEPRAY HINEERIRGERE: axenpl ary

pul sed | i gebmppaitiensg apparatus, wherein biologically derived conposition

fl i di b o8- | 1adsi gpoherent 1ight 30
ows 1n a diregibeq Qﬁéf\li.xlcngzi p}ngslgﬁeli’éh@g{%ﬁ Wxﬁ@g' gponerent 1149

sources, within an eulﬁk ] ector, I's ‘treated wth
hi gh- i nt en@PP¥°a€Rof PX HiR2R5IYRLAANSEE BECTRARAAHSS ME1PEght in a
br oad- spechightiatdn$i€y, shHartadulravichapilsed ust rimicohgreage of the various

st eps at Ll1z 10 pr epacihog. .0l ogingal:l.Ly derived
corrpos}l!tgi oﬁgﬁﬁﬁkggﬂ%ﬂ%m éﬁqéﬁ o tsﬁb%aépé%'g'l 4? 0™BCT/ USOO U3546

pul sed | i gRefIeXpBE| FEPR (RAINISNEYS) t NOR-POLEeE PlLIdERY| iighe and thereafter
processi ngnuhBedespnyaye Natmd epepesiuhi 6. BRI AIMERNREBCRLEGhEON OF THE

PREFERRED. GNBORL VENIR: Ruddl Lpe288b: ' IYGN ' Qi 5% BalBEAQEF 0T auick,

between about 180 nm and about 2600 nm. The spectrum of

20 BPL is similar to that of sunlight at sea level, although
it is 90,000 times more intense, and includes UV
wavelengths between 200 and 300 nm which are normally
filtered by the earth's atmosphere. BPL is applied in
short duration pulses of relatively high power, compared

25 to the longer exposure times and lower power of
non-pulsed UV light. See for example U.S. Patent Nos.
5,034,235 (Dunn et al.), 5,489,442 (Dunn et al.),
5,768,853 (Bushnell et al.) and 5,786,598 (Clark et al.).

BPL has been used to decontaminate and/or sterilize

30 various target objects, such as food products, packages,
water and other fluid, semifluid and solid objects.
Primarily, such is accomplished by placing the target
object into or passing target object through a BPL
sterilization chamber, and exposing the object to an

35 appropriate number of flashes of BPL at an appropriate
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reliable and efficient inactivation of pathogens present in biologically
derived caonpositions. It has been found that high-intensity, short duration
pul ses of incoherent polychromatic light in a broad specidnRosadzsde used to
10 inacti %?go/V?‘{ouses, bacteria and ot her pathogens (which for purposes of
this application should be understood to include pyrogens, toxins, fungi

and plri oaﬁérqy EEBrg1 3 Sed)i 2b@gbkaihp Ve defie/ etbSamreurt bage?ﬁgchlgs, for
exanpl e, 00d; derj.ved conpositions, Qsiti.ons derive m

genet i caﬂ‘é/ %‘gggéjrg'e ]rléd(Dgg\ ' Fitngg,‘)Sborcv%?r)gs)?’ﬁad‘ré'yde?ﬂygae’fhr gﬁﬁh tissue
cul ture psecetsBRL dnl degantanipabdubiclogirrkhy Idendivieldout dest r oyi ng

desi r abl gokb&s PO1 S HULRRIE heEelbrHFOMR&EE Weicibddioer st, such as for
exanpl_e, anti bodi es,. nycleic 20 acid |ipids,

roteins, polysaccharides,
ani nosacf’ggt%mr%?ecg'ep%/ BELt RRS cRFR TP tHaFea e g’ﬁl ar, a
bi ol ogi caséfullein viehatindsing earisupl mberbordaniewy @n fthewed t hrough a
br oad- SPEGEENEL Pk S6h 1d Wl k8RR APPAL AL Wer el i id el g ment zone of
the ¢ I Tumnate y at

25 the appar at us, onposition I's east one,

pr ef er abFF2PRRAERRE Nkt idsetéezs has nheen iR rfugarshion, that BPL | ess than

ab?ut 10igRt Ppéehespll vimldadonBaminat ipyll 15561l af idd1Qy- idlétr&gsiity g e.g., 0.01

, 7l c t e . . C asured at the 30

surf?ge g? ﬁgﬁéigggn%%s? |%an%l%%c§%§?§ﬁ{’gp%?§/p%é oén%elrizml ight in a broad

spect r umPiemogecuiey of inkearmsh .-nnpPerause higlogipally, degiyed x 101" Hz).

Overal |, therhfeatit Cand! githrinhdieutEHEr 6bmpodBt IOHS dvy oFEehoy a result of

such il Iugifnnat.i En &he 35 ‘Fat hoq1en wi,thin the biologically d. reduced by at
oBieFeEed ey

| east on@9PH ¢ b eUFLYs 2Py R PRY FAFY tHRA -17 1-5 short
pul ses. Aencenteatedf forn; womplietedrenapali ¢f orontamiraddingr of 10) and 2

1 09S 1§ - GicrBobgshPims YO O0/+4cad0+B8G, 193a¢Farle | 00) . Most
advant agequsaé#li}hl s. treat nent method can,kbe easi I‘#gtand qui ckly
a

adni ni st &8 r FBesPTRASRS fufrRGPERRIPABERR IMRF &8 t he bi ol ogical |y
derived celpocstedi ta, effectinely anddreyidbly hdecastsanimadte ahe5 conpl ete or
near COMpY;818qiBATLYVALLAed 'chBIA0EBS | IthOE: CAIRANdIyoN. Var i ous
apparatus may “be enpl oyed to practice these pathogen reduci ng nethods.
Appar at ufdesténadthe BFERGHIY Itivglefi khensingl B¥RAUCtturati on pul sed

i ncomlay ent 10spal gebvminidicgj}té:ailneafbéeadwgpmtamﬁrfie@aaz gri bed, 1;3 gg
exanple, Jdn t L tent. . - atent, ' tent, . patent, '

pat ent) 'égggl E§Pe8ﬁ§3n ‘E‘gt]@rﬁh@lﬂo. e??Qﬁﬁf‘"ﬂgfé' cgﬁ%%m‘teodthe appar at us used
to provi dacteedd; spachr asn fupbryditlshigghl dxvecadnsom tar et hatet he 15 treat nent
chanber is l.ight-tighf. flashla are _ppsitipned within the apparatus
such thatretsﬁggﬁ"&h%gegh’fal‘%gamtll?g}r) &?’%‘Bmafg %ﬂ‘#\gﬁfpa‘l’rreesc‘te Mat the tar get
obj ect; rstfulddesi usingt BPL Al howeveref dippgifiuempbroyad moréurt her nmaxi m ze the
pul segl, | gl diLect o dopardseddic 20! gpgel, Bl S6le alkd ransmissive
materials (1.€., quartz, sapp)?n re’or srnmlar matéerial) are enpl oyed where
mat er i al diffeegntr bdchelueespdres :f Baslivanpsoderindphilget Babilect (such as
supporti gﬁ fruc u&es”for t he tar%et object within the chanber), so that

i nt er f er SKYESPPR BRVBEBUMIES § o EREEDRT 2 08P YEPBIPR3L M Ar i nport ance i n
desi gni nr@ataenhecinjgrapppimtines eechaBPkmér ERAUENAY i 1Se tredreaBi gur ati on of

t he treat‘;;?r; t,u agt LS, it hin the apparatus

where the a%ggtgggggéc%gﬁg peari)%l?,%blnppg%‘loh%t %%Q%ﬁfﬁg%ul sed |ight.

Becauk® tgHi&hex Sdarki gheymekic ivenadriaps Alioghtrengymatsic t he target object,

the treatrgpatirronelsck, gepenpdinedeeidasi goedil 0zaxéMiam t he pul sed |ight

di rect ed 3 16ab368°t 4APLGCT [T RPTLCws AShE, P53 en oe 1 ashi amm
(1991)). This photoreactivation by either dark or light

enzymes does not occur when BPL is used to treat the same
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35 sinmul taneously to decontam nate the target object, the treatnent zane

w | preferably be designed such that the -18 WO 00/ 47240 PCTI USOUl 03546
t ar get obj\g éo/i@wab"”t equi di stant from each flashl anp ag@ fidogaddhednps are
preferably é sifroned to surround the target object. In order to ensure
that pulsed light illum nates the entirety of the target object, structures
5 enpl oyed _t.0_support _the_ t et i f.hig) t,he tregatnent .zone are

pr ef er abl ymFSFfﬁ?ggSf‘lﬁ%t g?‘i"%f % a%b ajlc"s?lﬁ%f" f’e’%ga"’;ﬁ%‘(‘)ﬂ'{m '%‘q%f@'é'fsabl y at

| east  aboutigh WlosimiiRmperogems) Cardidal dsicdns 2epHylcebOtus aken®st preferably at
| east about_ 85% transnissive to BPL. The fol]ow ng 10 descriptions are of

exenpl ary &seleriskigsolniWmene{fa slolergpmuisasd Pegudomanasiagryginosal i on or

decont am ngip,@Qkakabi ekogi cal a8y NeadpGRSR@SLL g stdt 1AGGRkdaAce Wi th the
present Jnvention a treatnent zone of 15

. FIG 1_shows, hemat i,
a preferyed %ngyga‘ap§€%’(f)’\(lﬁlzfaeoiagﬁglg?f‘hg?}?légr‘% OrT'"IQDJB‘}to‘I%i% R¥Sderi ved
conposi ti orzs mili PelBPthylené tentprigfear, egrepented ust theo ROA N (i.e., | ess
h b : b I SS| 110, 112
than about rtQifat eﬁafxg‘g?&e{esé Gdlpat mbtraﬁa 1 ve At es are

positi oned generally par to one anot her’ a spaced very closely
t oget her (iPr&@sencesefiyavelepiihs ifnthgavesikle Tanaritfurth®r to provide a
passageway aiffewedtiibtésOBPLIrfxrayh UNhildght haes cdegostid aredrn®s lferxt reat ed may

pass. ei ks t (O ar ; tens

102 1040 csitrabifg, the  Bo M Eeht uighes o fot \PANEE WRaTLY,

flashl anp BS®ersten PFABRE | BEFFINS 1P sar Bhiehmpees a39me HBaAfetabl e, for

exanpl e, f mHaPaPdsgPwheeedschrp! giRmerhtaNbY Edfps QA irdPran anagt

PUREBRI G i T _Mobdel No., PBS-1. The flashlanps 108 are preferably el ongated,
and the 30 FA%wsf 't K&"B' 6l ogi cal I'y derived conposition (illustrated by the
arrow 114 in FI @hug) Wbapr &$credsiad dar al hev netho of cigtddatiiaghl anps.

The plajes v]ijz%ste%l,tzbéEEePiéfiﬂcﬁ}l%%/ Jt:ihﬁ%dﬂﬁghﬁﬁéﬂs 0&5}?{&%{&{‘9[?; he two -
opposi ng edges that are _parallel to the Tlas SO a conposi tion
oEot n t hoRhetcen LY aBEHTSd RAPRARIEGPHS | ADEGD TG TRtIoRg

PCT/ USO0103élinsti halhyietunsfrissihagepel,, espebiably or vedmtlye ofagar ose, nay
be enpl oyeq,; il ',.eungf REER! R} Bl UnBloyBadsh ol AdpydiEFiggnoul ar

transm ssive conduit (e.g., quartz or sagﬁ ire) may, be "enpl oyed to
transport tIRPPESHESSOPE BALEOLH HIRACeSRATLLY uSPRREVM SIS (M et zone. Wil e
only tvapo f lexfedcaivenpgsseas o) ikl areduktustrated, additional systens nmay
be enpl oyed. for exanple, the conduit 100 may be surrounded by pul sed |i ght

sources. In either case, the light emtted fromthe flashlanp systens 116
is 10 directed towards the W’gﬁﬁ O MPBJENYRRERE@bposition as it passes

t h{j/ough (ﬁr I esiTeRs praksehBeifvadktidn mﬁetsb_eéebrxeiamxté \eidd lrag,h\e'gr uses

and/ or ot her CLQO iy C ed t | Y eously, by spacing

t he pl at eseriﬁs f%zrpgg%ﬁgﬁgoﬁ%@c{gl%@%sggg?i‘%@%t%g% ?&}%e 15 conposition
bei ng treatdsrantagdnasdonned hielngidadyyr derheedbgomprsitiians ng exposure of
the entjgetysitlg HHYnceRRAALLLP) drbrth@uRdk$8H phibés swen when the
conposition,is.rel attl velﬁ ngn-t ra{ls ar ent .and/gr %é]gl |l uted. 2Q FIG 2 shows
a schemat i c-RAMGESH tan BPREFIERRRY caﬁy‘gg‘ﬁpépa?u TS TFREC NP beenpl oyed to
i nact i vat e partisnsaandiescoihed hewsianiarat maghedsrobrgdising,i byt he

conposi ti oyt i APRNAL B, S5Ph& 0TPHE SRS o LAl h8EI V¥ SpattydddHl ishah enclosure
defining a treatnent cp}aéer . 202 25, t hr ough whi gh t he cg;s%(im tion flows
surroundi ng®S HUEHRF /I PRFECEdRr cEO%HY. PYRRIBNY sEWNFT AR ¥ a high
power ed3gengresdres Him@p bipdvgdeal vy tderd vedi tabbes pbiwen, sthe cethodt shown)

I n accor danggny £y L PHRE PAG! a P ASTdfiRandy BERSDERPomPSE ALl

comprising at least one pathogen and illuminating the

biologically derived composition with at least one high-
intensity, short duration pulse of incoherent
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30 Aliquid circulation punp 208 controls the flow rate of the conposition
through the treatnent chanber 202 in relation to the pulse repetition rate
of the pul §8doki@t source 204 so that, during the tine tbeussmpssi tion

resides within the treatnment chanber 202, all of the 35 product that passes
t heret hrough is exposed to a -20 WO 00/ 47240 PCT/ US00/ 03546 predet er m ned

nunber of Y r o] ol ychromatic
light in a%&gyéﬂog% rrl‘J:mh%E?yhg‘Jenera#a'caq s%léhe co 83?& gﬁggg‘f_ nég) treated
will be purﬁ)@ﬁ%ﬁ fgRctizecRakheyentiy rfeldé\ﬁeldaf’é' 8f £3CheBUPL 1aly

liters/ mn.)ddex cxomdsiel.i, 0BnexiégNg the tgrealemtny abagbeped02 is therefore

decont am nat g qhacps &%g%gagfixaggagém?% slle‘gh%opgoﬁ %O%ieai nt chanber

202 may be ’5? nge omthe pul's Xource 204
to to prevederived aonpesition sh@h@m mqmql@@ﬁtlaenitwocihesh ght source 204.

Such may beg ?&E&ﬁ\@%roﬁr@beﬁééﬂ@kﬂébé’n@i'ﬁ?!éiﬁé'dnﬂ\aﬁmam%hzcbﬂkEt (or quartz
cylinder) sour ce 204 t he co 03|tgon being treated

pund the | t
passi ng out&"&%ﬂ rPee’Iﬁ&?’FfaPé{cR’éP U %Wel"l B8<Y8*8) r cul at ed
bet ween t hehbmahtasbiorcanifadlahlicooGedepivead, pradacts, Théodpgieakr of the

treat ment c@ﬁ%@,gscmm %mcﬂeasnﬂwgrﬂp%m@ycfoa%g&ﬁ?]l ns&vﬂwg but not

limted to ecif bsarption characteristics o nposition to
be treat@d, s?ﬁ‘é‘“p%%lt’l&ﬁ&'oBEPE?PW%@FéFFsFPEé%f bPYib“?l ght source

_204 i.e., fhashimmansfedrihe deétheet afegtragicly tthei thebapeweic pul ses,
s senl v aoERamRlccldiilay TARCLGERE O™ MuGhAINE 207 BRNCLNGLUSEA L f | ct of

assenbly as | S ou as’an external reflector) Tn order to
reflect il|tFerhesioh thearerppagtiog. colpianticenlpackPrekatast he conposition

flow path. Eﬁs@ébreaetﬁe@al nbellbeet 8¢id s iy, talaelbeahegt ghaassenbly may
i ncl ude%g her. tra stnL ssive mterial, }\ %Ii[‘l i nder (or tube)
0

i nsi de ﬁrt 1em‘}:‘:' 61§‘|etsl r %f?%%lpﬁe(fﬁn&n € de of which the
ext er nal rebﬁ-eb@@xcalslmmmwededomposrsmmtd@d nottatt osenprbpetbigsal | y

derived fl Uégéené‘iéf%ofﬂ%ﬁa@&@ 19{-_e£@£é\ ayddNg tHatUtisoRpear e rel atively
transparent _to lig |nc ydi ng signif |cant1§port|o s of 35 the Wspectrum

Accor di ngl y?l?ﬂ@*%c?ge ﬂWSF?sFl 2 Nt EREYEFSAPLE BAERT & Bsorption in
such conposgbroesampid,h so?2that\Wene9/ ok rleCTl/odged/ exh4dbithehéixix density

decreasaag ha&gﬁéylgrulyom&lftgnchg %ésﬂétt%n ch’ B%%SW?&M@OWCE

Howeve for other conposition ve sSi |cant a fron, flux
densi ty wi | P‘-‘Hée‘?eh}ﬂi“’&s é"hPéncPPBﬁ"ﬁﬂ?P‘tﬁlel dhgnbdodpgiralivie fl ashl anp

and of suchdaﬁw@alé¢mﬁt&b&otat;uoﬁesImava,nmfem,, adadesongd m ni mum f 1l ux
o g oBropdsdifl ebelalE (8L UL AP tdaalabeBirly? /O

depending o m Cr 00r gani Sns rvated) shoul d be
mai nt ai ned PH#EG@hb{Hm{ tfé‘etaﬁ@&!'\ﬁfent zone.

25 In one aspect, therefore, provided herein are fast,
efficient and reliable methods for inactivating viruses,
such as, for example, HIV-1l or -2, hepatitis A, B or C,
HTLV~-I or I1I or cytomegalovirus, present in biologically
derived products, such as blood plasma, by exposing the

30 product to at least one high-intensity, short-duration
pulse of BPL, i.e. incoherent, polychromatic light in a
broad-spectrum. In a further aspect, provided herein are
similarly fast, efficient and reliable methods for the
inactivation of viruses, such as, for example SV40 and/or

35 related blood-borne viruses present in an animal blood-
derived composition by exposing the composition to BPL.
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10 Alternatively or in addition, m xing should occur to insure that all of
the fluid being treated is subjected to an appropriate flux intensity and
nunber of pulses,to achieve the desired degree or |evel girpdygedshe/ation,
i.e., kill or sterlllzatlon 15 While the flashlanp 204 is |ocated
internally of the treatnent chanber 202 in the apparatus 50 of FIG 2, FIG
3 shows that one or nore flashlanps 256 may alternatively (or i n addition)

be | ocat ed ext ernal of a treatnent ch fe design is
Shoun. i whi ch IhansEhes, AERFEF o PIRIASY, PESFLT PO BRRRASEE hr ough &

t reat ment nétarmmg 252 eopkentngf a tpatiogiess presentaiment conduit (e. g., a
quartz tu 120512, ‘%@mr 52hkeS | Qosk one focus
of an ell Pﬂ I ca c:ra-eliﬁtil e%:l%gf%ggzéo o %h? mgiaﬁbaos: t] onegﬁgl ong 25
anot her f rdddpting ERe; Eh?l‘?%ifcfagjtyo%@éxe TRE™P P dhp 256 may
optinmal sy fmliacdcbtb@d ilduvainating theébeliflatedabdpleoobta iy tdearisel Because
the 11ght QUilSEs vldh queussé Paagégeorré High-q3keh8it §CIordD4 toward the

center of the treatnment chanber npensation,i’s, provi ded 30 for the
| i ght absd?‘b‘f%‘r?’bfp“tlﬁé EGW&)B%?’!?W”G@H?&YFF‘%'SF‘@H“sjol‘i’?fat MP1 of the
conposi t i asrosd |pyctredahd SimdIky) Idoyittentragtingnthel n a variation (not

shown) of ﬁ?&ql ! Lp efl ectors, each having
a flashl anpﬂ?]f ne lggﬁgrzﬂg&nﬂoﬁgréeia%iﬁg‘n% é Ehg%e&f 252 at the ot her

f ocus, 1fayceRCERETALASR i f IRt iR PRSREEE, % ooeaeph ol peEentisInAg3s46 Wil e
vari ous amwéﬂmsmtseifeu:lonlt:ammnar:ing:mg:ndgacﬁ&upoderwed he present invention

have been S8k erbnd tnth! brsAPRRRR Hobdcbhnbhoseif Sliihloddy the art

that vari ous par atus, conbi nati1ons
above- descW%‘éF‘Hbda‘ﬂéTtu§ndn§§“%Imjé‘h¥atﬂ%lb? BRLEAPIOYERY f or these purposes
and t hus, aécomtumidate@onirenpt af frbthearigiutedior AQd28DbEal By SRAIdrepul sed

| i ght er Y, t sol utions

cont ai 'Sﬁltsnghtk)é ﬁfeltOtCe LH %ol?lgg’rglmég %ge bgisal Q%gtr?gh&&haxﬁﬂg%@coul d, for exanple,
receive i nWmft u-lﬁ Enghc‘alﬁﬁ#W:d’m%’g [f@#‘t exp@RLe tIREALSt i on t hr ough
the pul sedthaghibsaiiantar, balﬁdmﬂjdtb@rﬂé@ilﬁabp.@_(to gigst heilddy angh the

remai ni ng 0ous tubing a Q n t ment

appar at us, &%E*f_ TS J'eorﬁ)l E)rye ?o %ghlhﬁnuam "%?tghgn%a{nreaf%r}#i ole'}'%'gl cally

deri ved coﬁp@%l‘ tt@rPath begter cortrohtthe efifeghkehefckhe fBRL ®anpl e virus
and/ or 2BactRé i prof¥imd dndtb Bef €6 AoritirdlethePighet B tior e t 1 eat nent
nmet hod corrﬁ ises, .l lumnati nlq tge i ol %g“pcal lté derived conposition with
pulsed lig ezﬁa%?/qeﬁbq X eSRPENT ¢ BeadPabout 0.01 J/cnp,

pref erabl y aboufuxtiosxr Hrovidded hmﬂen arﬂmtﬂodanéomwe prefer abl y about

0. 05 J/ cneiRade Dvalt Lo o eMaE QhBaib@{ wr@hﬂa&haashw is measured at the
surface of _the conposition

lbﬁ? d &;1 Tge Ill t pul ses are 25
preferably MEFEURTYA LN PaSraD oﬁn S 2}1yl A5*07 1 ess than about 100
s ar e 2fr eterpesitnmt iwheredn mmmlmsmnm@qm ngeask g, about

0.3 ns, ar e»:aw&wmeé&rfm tha @ﬂ&hﬁ'é&héx@tﬁh@ B¢l geguddght being of
hi gh- mtengl rt, durat e_30 characteriz d as

i ncoherent, fﬂ:?ﬁ‘ro q’t aﬂ g?“s a’b‘fé’g’cfr§d-é‘cf’?’8ﬁ$1ﬁ efRFEHASRS t he | | ght
i ncl udes wané}’engq:merf rmn@ﬂegule_s’ooﬁmntmm@utm%be pemB9sitiorf r equenci es

of about 1a8¥1Rob Herdve:dioity 1128428, Hela WAREAUSRathee il neen pul ses
m;;g/) be ver%P g‘aﬁi’ﬁ % 35 §§i§o;2?ntﬁeb?nuéthlo%ocrgxshbrlsS' ngle, multi-pulse
exposing the biologically derived composition to at least
one pulse of broad-spectrum light.
In a still further aspect, provided herein are
methods of inactivating at least one microorganism
35 present in a biologically derived composition by exposing
the composition to high-intensity (i.e., 0.01 J/cm® to 50
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i nactivation treatnent can be conpleted in less than a mnute for each
treatnent.. If the treatnent is of a flow ng product being punped or

ot herw se V@bro&/k‘;zf"ot ed (as opposed to a batch treatnent), pé¢T/o80g/0d8586 desirabl e
to 5 provide a plurality of flashlanps spaced along the flow path to permt
a faster rate of flow. This type of treatnent is in sharp contrast to

her et of ore own net hod ducing t At ent  of . pat hogens in

bi ol ogi cal | Feti Ved to%b@%i{&gns%o%iégﬁr/gcgnn' r@c‘qﬁ‘f?’éguﬁ)"? to hours tn
conpl et e. |dermidar isomgpsturedfatit |sprfader oifi beytarget dvidEat)i,cally
derived co Iyt iiRnaggorda |ty @ et hads hgr i t he conposition
shoul d be i | l un1:|-‘t r?gl?%&igg ggl F ! gg& rngssi bi'e by the g( (')gd?slg)be)c'trum pul sed
light. 15 Mwises ©fi dncepsrenht RAEEChamatdfpddphFoint® Broadeated be

cont ai negl, gfedtgamd (dUld.NI1bbCRR BN 2600 Bt GlsRhothak ts sWfiphent!ly
transm ssive, for exanple at |east one percent transm ssive, to such

br oad- spectfIm pAedeFalilynt 1t Rt S i Brkas, #ildn PRs uFeHA: abl vy achi eved.

Exanpl es of 20 Sui towel pamrttienlal saspentjdehel dnvenatipheproeided &f i ns, such
as pol yet hyl 4o A RALYRLARYLED ool orTUa bEc30d SapROILE: the * 598
patent discussSes various pofymers suitable for "use I n pu ST 1 ght

treat ment ARESRtUSN Bi PRedeaicablerdeniyedaFoBROsiEieny cthe grethadri ng t he
25 cont g ni geingFaitAnigAtnde peegs Ngr Upasvildigignar uiamb?icspwlwﬁdd)n of the
pul sed |ight treatnent a %ar.at us inuse. Igor ex?gg e)1 wh‘gre t he treatnent
hppar at us GHTRRFS tCiogs SPPPESRLBE AT 195taFBE PRFBHER™ WIS t he bi ol ogi cal | y
derived conpogininatings$be, biatbgptallys derd vedetompbs yt Bon fwitiedtof a
relatively \Aﬂ%{% MBS h¥enBBE ! | HortS W adl oflUBhii ge 05 SAPPhIre. In

contrast, e the treatnent zone js an ,intravenqQus tube, a pliable
pol yner mat¥GNenfnyg ped YSREPBRELE . 1ightaddy @ bRopg EBRASFEER iPGkhi ch pul sed
| i ght 3bstreasdtretie appaeattusft actbee pacthbidelnl iswWredhceateyiadl to contain a
bi ol ogi cal I%;) 4 il G0 St l_l?n to be treated, -29 WO 001 47240
PCTI 1 3500103546 certal n charactéristics of the conposition itself should be
consi dered. For xansither: partighkay RpAaty ¢het ABVBNBLOYI REOYidaseri ved
conposi ti ona ietHBW dfAhalc® ivAE LAY Y WGy ph@sienhktUihnati on thereof with the
broad-spectgu ) .pullﬁled | i qht 3 var i ous&.%on%%rierﬁt S oé g bi ol ogi cally derived
conposi tion }r%r%F%‘ocrﬂ Yo & V89, ARG THoTh &S IPFJU87°tRe conposition to
br oad- specthiengigade ldfginteEest oxtirpmethode compraaérg otherttapscel | s, high
concentr at | 9A v il iHELlanbidNd508a 1 B Gerdvail cohn@ssifigh |ipids or other
macr onol ecul es can, all int ergere W th transm ssi gn of ,broad-%ﬁectrum pul sed
light thr ouGPRERFSI9 Vi EHCHCASBREE oBf CHINSF F& APEd2cBHpBst t3%h.
For t unat el yillwminatEimeniths bibjogically dengivesdl lcpmiesitidn coitgositti on can
general |y bee sl UsiEbuiid @it blaaBEEPBRGn FRITRAA §9ghPe SQEWOaS]dt on by
sinple dilutjon which I's often conmonly practiced in"the processing of such
conposi EPonEPR VIR HpgmaFtiyeEedechni ques for such are wel | known. If it
is desired to inoveturdthelrr pashieslar taspHcthl ahe phsenhiofior exanple, to
BPL in 20 o . tyism . . r j o] i t he
et hods. her B o375 ¥ BB LRa Ry TGk Rilddl AR RCE PN B 1 o
appropri at eP3gmeleeuks Rf dRterrsh vhegh SPRRASHtBPR BA8, aRoRfFBiNTg
tregt ment ,ZSveﬁ@QC@dsﬂﬁa{@&earulclbur bfea :Ha;‘cﬁswd_attlo 1pasyi de themfitml desired
pr oduct ce r t | gical
conposi P Ponogg§ﬂ§§efiérg:ncegp%rtat?lsya‘dgﬁ%ggpd %{/_q'lr%eala}tm%é‘%t Ib&/i # fl%xtﬁﬁ?éée%ﬁqu ght in
accordance %whehbiekogieaidn deriNgdsconprsidinn oddh Atelpast awgted for
g (r) eat: lng bi ﬁhﬁSECQf|Nrdhii-iéﬁi-;§ﬂzt(i-ﬁfﬁppﬁl§é@rl§ifdd”ta,t ﬁdh\?ﬁhfdotnieltﬂﬁ :Jde_ whol e

cells or  that do.not require_recoyver nt act ole cells follow ng
t r eat ment tﬁéré%?gWY%tﬁDIf l,&se E'Féﬁeal% %13‘?% lsﬁ yr,emtaﬁé’sse nmet hods can be
advant ageoubi9leapraylyl acriiveact i vat e pat hogens present in a biologically
derived conposition generally w thout 35 destroying the therapeutic,
phar maceutical, nutritional and/or other desirable properties of the
bi onol ecul e(s~ -25
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WO 00/ 47240 PCT/ US00/ 03546 of interest within the conposition. While the
effectivity of some bionolecules of interest may decrease sli ghtly as a
result of nt with broad-spectrum pul sed |ight, ,{W

i nst ances ‘%’ég&}%@al ning 5 activity will still be accept 2&) Ifurt her nor e,
the effectivity of sone bionolecules of interest may in sone instances be
enhanced by tre nt. Wi th ch can result i pproved or even new
t her api es. FI Gfﬁm%sl]e} AN EﬁaP?ré\h%?]gaﬁ ASRRE s t?’ﬁerlrsgﬁ’gﬁgn 10

enbodi nentprohdém agtdtdgs of redupingcthe |qw'&¢tn|tonfane attiverated. An

undi | uted 3 130&4.%:& hin0k0gi & 8bg Y dler Zy \a@h%ap%hbbemtianbe treated
may be dil ut ed o 1@;orrpom tion 302 or be treated w thout

diiution. ¥RFeREMR DApFRe SRS s Flffc’vfgllnﬁt Poduci ng t he

bi ol ogi sal byobl@giwenyc@qmsnem campos bt idre domgatisimly atnéeadtt dwee pul sed

light t t g2 t 304, bat ch
Lot 1t eah PRl APRAAIS 12 gtpaﬁgem&eoleac&rm 2 (%\ftlag Ws et Dod a batc

treat nent | ow treat nent ecific enmbodi nents
of the tubalbvm%%wrmzm?etbﬁeaoaa%llzn clfereiﬁ'eu’eweéatwphw%%p%t to FIGS.
2 and 3. Ageasti tige tidHYintleneityal sdatdurat ildhe pRABROBIEL | on i's introduced

into the trga‘ghe éng ﬁ:fhro 1&@61% dbégt%culpﬁ éhm larly

Fsaetidt

el ongat ed appara | S I Nnc r exanp 'n Ah el li pti cal
t r eat magt &pphr’eh%uscowlttr ©&t pekive hPQ)\'Jg‘PQ%h %Srltrﬁéxﬂéﬁéuén@u‘ébe and rel at ed
net hods. Ppebrsdbbyid er tiiereat l8agét adedti®yr@.nt where the conposition
is illumnated by pulsed Iight, has a small enough diameter that the
entirety of the conposition is illumnated. 30 A second alternative for

i ntroducing the bi ol ogBREEF \DERORIPFIONONPOTHE | DRAWINGS t he treat ment zone of
the treatment chaabef 4o d %ch@ﬁah&hel&@@pse&a U alnBALChohgr G S06. 1N

this alternative the conposition may, for exanp divided 1nto
rel ativel ya§nﬁ?‘?mﬁm iRy lgeed3d ighl BF%L‘E%GW?L iﬁprPaé'ﬁéuﬁr th8Fe™3ppropri atel y
transmissi ye ased atvadecaithninhbg badbbohyidd Iyt lderjiivieded |ight. The -26 W

O 001 47240 F‘Q%é%@?%r@ 54]6 t@:fo%ﬁaggghx?ﬂﬁftﬁé eﬁlerg%l%tt 1§v3§5:§.bﬁ“' arly useful

for pul sed FeAt ment I'a conponent’s,” such bovi ne serum
whi ch can wBighrypparatys; empd o¥sf éb?‘!‘veq:%ﬁtq]éhtséﬁqeﬁ PAakPsquantities using
the batch gathef. wiién titd ¢dﬁ@bb@ﬂ15ﬂe££§1id£b laﬁs E.ltGa.s4tt'§atB&, plate flow

308 apparat us. ﬁg%defcrl bed Ihl’é{n%%&al | a%g no gh&m%%%ﬁ‘ P%%BOB appar at us

conprises two ¢ paced, HSU e¥conposition to
be tre&%ed Ppéseﬁubmt cprqumsmavanpag@@sslqﬁeﬂ% Seggini cwhdehopt i on

permts | Oappashtedt tdats aﬂmlotglieam va)élbmwfco@@mwlbh@n at one time by
di stributi qu’t he c Al.ternative neans for

i nt roduci ngCHE"Bi g&}gos%%%vl&g ?958“% n?)o%ﬁqf &h SXW{I'SuPHé"?r 3%t nent zone of
t he pul sedellppbatedeaimeoitensmdnpoised| Light gmmcentthias pSovhdes of skill in

the art. F‘ﬂ'll;ﬁ%ﬂgeﬁé& or&o?@aukseleﬁ ,%)mé\@ft'pmy%rsﬂsew ¢ pathogens
enpl oyin the net hods describ her ei n. articular, 1llustrated are the

i nact i i 3h9BF HR\ERe a’?ﬁmeﬁ?‘&‘ﬁnt in b| ol ogi cally derived 20

conposi tions. TREGL esil is ofschematiexpiew nehtstisiownolthert he cont ent of
each of {Nexkali akl! Hfded Opiht \aﬁscgggm %ﬁé%dsed%%@e%ter treat ment

with just three gh I n ort duration | ses i ncoher ent

pol ychr omatH@1PAgAE 11y %e’b’r‘ff'éﬁ COPRCELELPD S RN S |1f,nar?t Wrez%lanr eduction in
viral cont gairagleat eov dhenort mere E3pngayed whscaresmerst rlabmt for both H V-1

and CP\; @ity tuﬁcb%“%?@ﬂm W%ll'lliiptﬁtcai‘ ?éf’ﬂé&&" Shdf; sbft%Qizéﬁec”um

| i ght. Af|f exa Ustrates inactivation
bacteri a, Plgbrégﬁﬁ’ﬁsiwrf Shartpgprakion pulses of

polychromatlc light in a broad-spectrum; and
FIG. 4 is a flow chart illustrating some of the
various steps that may be utilized in preparing a
35 biologically derived composition for decontamination with
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30 bl ood serum EY11MPLE |: | NACTI VATI ON OF 8v40 African G een Monkey
Kidney (AGWK) cells are inoculated with Siman Virus 40(Sv40, ATCC VR-305).
The virus iwokasreasted when 75%to 100% of the cells exhi pl?fluso%/?)asm

001 47240 PCTI USO0/ 03546 cytopathic effects (CPE). Stocks virus are
frozen and stored at -60C in a nediumcontaining 10%to_15% Fetal Bovine
Ser um ( FIBRLSedqUkIRE) | 8XRPRLNE SR COPPPRAEI YN tF theePRARBAes 5 cont ai ni ng
SV40. Thaignt amdushdréaftey pideessdnynthé edecurecanfinA€d cel I's is Eagl es

M ni mum i@l ofedi un(E-MEM with 5% - 10% heat-inactivated FHS, 10
mg/ mL gentamcin, 100 units/nL penicillin, and 2.5 ng/nL fungizone. 10 Cell
cultures are incubat ed at 36-38Cin a hum di fied atnosphere of 5-7% CQOZ A
0.2 nL vol umpETAIREH0 DEBCRINFAONGFh THEYPRERERRED  EMBODIMERDS i s added to

sterilg pol yetrnz' gpgséﬁm,ﬁ,e%@m' B?Eﬁﬁd%%‘% %tm%a' k89t§%§8¥p' es are made.

Ni ne of 15 the treated ree’ sanples are
treated \?&eclﬁae?lgl ﬁ@ﬁeefﬁg?ﬁe"ﬁuI%“EH?E@%&H&I%“&HS“Fr@’a?%%f‘w th two
pul ses, dmdbiblegisabpy etertirned ceapeditd ok t hiree hadl been fdumEe untreat ed

sanpl es sl \eehggngQ£§,9é&gn§ pOl By PXPOSH Hugde ble" #ht et uper formed by

preparing t rom eac eina wel |
ni cr ocul PRIYCHFIPatie gyl aakrRad W‘?’%‘“hlclaﬂvxéﬁ ¥geddsdrb for 1 - 2
hour s10 t Heactératedvirused hedastelrsaamd refiacpdthbybné r eaiicil ture medi um

A 25 tltrf%y ?ﬂrBF %f(l;gf uagﬁfl Qg{:_\ nr&@u dste {185{-@9 control. All

titrations a |ca rmnl ored days far the
presence igclefe RYEPERNTY )@Fcl fyngReasnﬂ tPé‘la’Flé)sEFEtF%ﬂ‘t hm @ Table 1. -28

\F/>\D| ool fllmmﬂ;gbgsliy dé163/edie dbmpbs SYfiéh WiduehBRE, P&F/ e 13546 Replicat e0
ul ses

ol seo1s PaRoRsEA ISR 0. compee i 5ians  /ARARAS HEREASE LS FEP™ex 10535, 62¢10 1
. 78x A& 39epgtboalty fpraineeredsgedk 1bines;x Fympogikiores menivedosur e

titrati Olﬁl‘araﬁghCﬂf@s’\[@d:dl(tu&-bepﬁéeeﬁé@%ﬂde relihtadi PFodudtrder to
deternln% h rXii?Jw1thout destroying desirable biological
properties of biomolecules of interest, such as for
example, proteins, polysaccharides, antibocdies, nucleic
20 acid lipids, amino acids and/or peptones in the
composition.

In particular, a biologically derived composition is
placed into and/or flowed through a broad-spectrum pulsed
light treatment apparatus. Within a treatment zone of

25 the apparatus, the composition is illuminated by at
least one, preferably two and most preferably three short
duration (e.g., less than about 100 ms, preferably about
0.3 ms) pulses of high-intensity (e.g., 0.01 J/cm® to 50
J/cm’, e.g., 0.05 J/cmz'to 1.0 J/cm’, measured at the

30 surface of the composition) incoherent polychromatic
light in a broad spectrum (e.g., 170 nm to 2600 nm; i.e.,
1.8 x10* Hz to 1.2 x 10 Hz). Overall, it is anticipated
that commercial methods may employ 1-5 short pulses. As
a result of such illumination, the content of active

35 pathogen within the biologically derived composition is
reduced by at least one log (i.e., a factor of 10) and
preferably is reduced by more than 2 logs (i.e., a factor
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10 infectivity was reduced by exposure to BPL. Exanple 1 shows a 2-3 log
reduction of SV40. The highest available titre is used in this exanple.

G eater of viruses is expected when higher staﬁéll,@gm,;ﬂswes are
used, m)reyqé% /é-;eng are applied, or the nmediumis diluted to a 15 | ower

concentration of protein. EYAMPLE 2: | NACT] VATION OF H V-1 CCRF-CEM cel | s
are inocul 8€edOf t h MPEE BAantagepys iy HTERA S | & SARRANST FethoBnfdBrsity,
Nashvi |l | e, bEN)aasl‘:llly dnad Sqﬂnaim@shedmdhs'aeradeﬁ iwdrtjouse poliagsa m ni num of

80% as 20 f r St ocks of virus
ar eofr02enq§%ghg1tg dp%émsé ?@%Qaur*rgdlﬁ%?n tal ﬁ ! f‘gé)dto 15% FBS. MrI-2
cel I's (NI HCRRPSSRE4@R C‘FP%FRPYRQFQVéﬁéBGF@a'@@T'Rr W%Fgarmcecafm og nunber 237)

are used f ebmpillbtat bpMmedr Zoripletealinhesicaticn i pathdgbnsThg nMedi um used
for growh nd maln ﬁﬁ,ﬁnce of MI-2 cells is RPM 1640 (wi th phenol red)

suppl ement &4°wFPRPY gl utam ne, 25 mM Hepes) 2 g/L NaHCO, 15%
heat - i nacti vat eHa:B@xan@pmwsmageheaﬁmlwemq pactices thesei ncubat ed

?tn ?F;gM38VCM F,@t anhyaa@éﬂfch@ahmgphens pfatud ‘addined o2pbyvy@bume of H'V

Jo heat , ] nac ted F | S_adde erile poI yet hyl ene
sanpl e conthal'fg er‘0§ e‘?ﬁéﬁe "?‘ré‘?ﬁqi SyratigRpprss ‘gei'ﬂ"ef@be reGthe of -29° WD
00/ 47240 PEolysbbbfdtié 1ightsdnplacbraad-spectoun uxd déBicribedt hese, three
sanpl es ar gohf ‘éﬁ%ﬁgéwt{h%ﬁé ngl8 bhbhepU 202 Sduf Samghes are trealed

with two pul ses I"'es are treated with three Eulses Thr ee
untreat ed PAFENEs 54é%r%t%’ét'coﬁt5@opgte¥$ters%*?(pﬁﬁﬁ"@ apd; PeEgbfon is
perfornmed p.psepani,2Ylt encdnmath atlol uheompp&rmaaaxsed/ltroabrsamnée in a

oc-vell | m SEOsLULE:Phat SRS i Brfllosel e AL bl 10t ons romi n

in the wel 'St
(Wi t houls pﬁé‘ﬁéltmleég) champey {5t riéahﬁsta%ﬁntfbﬁsmﬂmp (tﬁ)t &€ ons are pl at ed

in quadr Up'pd&d‘thnEBHWi@lﬁﬁd Y alp@a&-atha Q@dﬁ ﬁmit the m gnce of CPE
and/ or cyt ot axi Ci ty Res s are tég % (g 3:1 Tab
Tr eat ment & It\’/ fhere ﬁf“F 15%?%% 1etp hee 5GF esB pul ses#

11x1035 . object; reflective material is preferably employed to

62x101NOS Urg\irefies” ik 07 J@@%muasmwhaoaﬁr&wd Q33 48X 10’ NoNosur vi |
vor s*sur vi vor s* AVERAGE1x1062. 44x10" NoNoSur vi vor s*survi vors* *Tne det ecti on

limt A9 tHaroessebiasts2nd Gransmgsivepater 21§ t (a6 onguakE2eonpared to
t he pre-expapphdre brasialar nnaﬁedaml) Oaflet enpldifed fwhéreamaRerigiectivity

was reduceq_éa)é ggargeggigf%n ?’%thg’?(\%b‘f@ett O%ge%tl og reduction

of H V-1 occurr vali used in this
exanpl e. Gl&axcs aﬁeéuéppbﬁlléﬂ Sﬁmgeﬁsfekpm eRRIGRMN drh]gh’@r -30

within the chamber), so that interference with the BPL
25 is minimized.

Of particular importance in designing or selecting
apparatus for BPL treatment is the configuration of the
treatment zone of the apparatus, that is, the area within
the apparatus where the target object is to be

30 illuminated with the pulsed light. Because the pulsed
light must illuminate all surfaces of the target object,
the treatment zone will generally be designed to maximize
the pulsed light directed to the target object. For
example, where more than one flashlamp is employed

35 simultaneously to decontaminate the target object, the
treatment zone will preferably be designed such that the
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WO 001 47240 PCTI Lf 500103546 starting titres are used, nore pul ses are
appl i-ed, or the mediumis diluted to a |l ower concentration of protein.

EBI I MPLE 3, MDATI ON OP CPV A-72 cells (ATCC CRL | 543-tRfk6udsbygcul at ed
with CPV 5 P 2017). The virus is harvested when 75%to 100% of the
cells exhibit cytopathic effects (CPE) St ocks of virus are frozen and

stored at -60QC in 0 al % ceI | s are used
for titrat |t5r¥geft Fﬁéngg E?eagbqﬁ" glélgh{%gcﬁ%; T% ]Uasé’d fvr growh
and mai nt eraawdcélefsh/l\ampswm sPh‘%feEiaMEM pegpteﬂ@ﬁ@eﬁovmwr@%d the

10%eat - i NaGidgett @®iEBE. 1Pn NAK¥ddr g;waaghﬁéntnaeopumé&/ wenicillin, and

2.5 ng/nL f, cul tures ubat at 36- 38 |nahumd|f|ed
15 at nosphe‘:ﬁ%&r" %750% & tbreztyntafvgp apge PR VERTUG TS0 heat
i nacti vat ecnipBSyes &ddedpportsitgre [tmngelty obfigtbneithimpl theont ai ners. Twel ve
replicate sc@aaltﬁgn%rgoﬁadsre Nbf@fé}faﬂlpefsmhesf%&éffﬁ Qhatt 4 BPL. O

t hese, three 20 san‘g es are treated a.sin ul se, three
d

sanpl es ar &% 1&€26&d3RPER tho mfs%?)blanatt F!F%égs%‘ﬁ%‘l"gsl%#)e m9r&at ed with

three pul sgreféraddyuntr taastl alzoqt cdisendemastcpnefedtably’\fdter exposure, a

titration i r f,erued “@ﬁaﬁrl CPaNC old | . fromeach viral
sanple in 1%3%% fa?:oﬂ% ca:rggcg??xgér é"lt&e %egg{é'd V\AT?% %172% iIs allowed to
adsor b ¥br descriptdeng, arfedf r%’Fﬂi‘\F@Grﬂ'r grPaKatye| FRayMRY &8 aced with fresh
culture rrecamoySupahnahanktSﬁtmlmwneotrr dsebatarind €t Do tdre CPV 30

titration atetofres L at sfort tlng by_henagal utin (HA) . A
i tration SeHERiEaLaR o fePRRe romban BiEnES s PopReRr denel cok Fhel w1
titrati ons pueseptatioyentiquadr uplicate, nonitored for up to 10 days for the

presence of CPEgagd/ Qr sﬁM&QtQXé&{ér&étlee%liE%Soﬁrﬁ BPeSBherOddhd Relabl e 3.
-31 VWO 00I47§%O Tag 3: TJreatnent of CPV with HPL. 5 PCT/U800103546
Repl i cat®0 HBFSIETTSH §¥SMBLpEEApparatus for use in treat

pul ses#13. ]tﬁ)OJl@gN@&llQXdlézimedlcmﬂ;mw:ﬁ.)oh%@ltﬁxBBBNoI\DSlnhms/ors survi vor s*
, ~33. 16x10 We\ﬁl \éngrﬁ.Eﬁgl vggé*tﬁ\{ﬁR@gE%XI qgsgwwwglolsur Vi vor s*

*The detection [imt I's test was s
mm, for example, about 2 mm) transm1551ve plates 110, 112

are positioned generally parallel to one another and

20 spaced very closely together (i.e., less than about 5 mm
apart, e.g. about 1 mm) to provide a passageway or
conduit 100 through which the composition to be treated
may pass. On either side of the plates 110, 112 are two
flashlamp systems 102,104, each including a reflector 106

25 partially surrounding a flashlamp 108. Such flashlamp
systems are commercially available, for example, from
PurePulse Technologies of San Diego, California as
PUREBRIGHT Model No. PBS-1.

The flashlamps 108 are preferably elongated, and the

30 flow of the biologically derived composition (illustrated
by the arrow 114 in FIG. 1) is preferably parallel to
the elongated flashlamps. The plates 110, 112 are
preferably fixed to each other along the two opposing
edges that are parallel to the flashlamp so that a

35 composition passing therebetween is contained therein. A
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Post - exposure titrations are conpared to the 10 pre-exposure titration, in
order to determine if viral infectivity was reduced by exposure to BPL.

Exanpl e 3 pat 3 to 4 log reduction of CPV occurregdcpekins&FL. The
hi ghest avgﬁqwére titre is used in this exanple. 15 Geater re uctlon of

viruses is expected when higher starting titres are used, nore pul ses are
applied, or the mediumis diluted to a | ower concentration of protein.
ERAMPLE : |1 ~1ACTI DATI ON OF BVDV Bovi ne Turbinate (BT) cells (ATCC CRL
1390) ar e 20 tiahdyukzaraniss hvendol ( AvCE ¥R- fom)exanple, Agarosehar vest ed

when 75% tyayl %epblbfeacel 18 @au la,lft pﬁYﬁDP@I hbTatedd & YenelPB) 1y St ocks of
virus are frozen and st ored, at a nedi um cont.ai ni ng 10%to 15% FBS.

BT cel | s HeETGY1e5, tF?’c‘?’&’c?%‘n"%f"ﬁ“ﬁBigaﬁﬁt%s' AR 8Ti ng BVDV. The
nmedi um us echgiphire) Owaf Badempldytednaiec erahspdreeties canposifElilonuppl enent ed

with 1 Oo e 9 n G a humdified
at m)sphere (ﬁb %ﬁﬁ%&ﬂ‘é%tﬁ%ﬁ@%ﬂ% %%??Usgg%]?ﬁ%@% 6'919 nm. vol unme of
BVDV i n E&ﬁkﬂﬁhﬁaﬁﬁ SYFRERS 10dicti0fardg ERBUStrakRg 3ddiki@nale pol yet hyl ene
sanpl e condyaitiemiss may\\oe vemp Bpfedatfors axphple Ar cheratmduitna cof mape sanpl es

are treat gl il B aaGhy L H9PSa UVAE So8A00L €S A1 G LiRa! & g sy, th a single

| i ght pul se, "R ee pul ses, ree sanpl es

are treat é‘d‘%ltlﬁhﬁ:hﬁﬁé ped sexom 'Iqﬂeeéléﬁméﬁl’e%ﬁ’%%ﬁﬁﬁ e@% e as controls.
After ﬁdpQBiliféi:.tea tbt«aaasomé Sbmrcfgﬁ.bﬁmﬂiybaeﬁﬂvéﬂ oy tiien- kel d di l utions

from each VI raI mh’g’S‘# gl(j resgeﬁ ?g?%%u(ggn&lﬂel ceded with A-72.

BVDV i s aljl en renoved fromthe wells and
repl aced mn#WesnaenuvgthmmeSAanﬂf Pt PEen Miorgandiswat phenol

redéI isI peaérmarmc:a&nar$§?conid\mntae%;gnpr aby Of\Saciry Ml %d.a;taép = and/
aust up! | SELE, T ROOURS 8RR i ByUaLs dBheile massence of CoE analor
with BHE. epmrAsiddenpheing preated isysprsadofatep iz dikin layer,
11x10" 1. 7%nldkebyl 33082k t8818y exposure of the entirety of the

composition to the pulsed light, even when the

composition is relatively non-transparent and/or

undiluted.

20 FIG. 2 shows a schematic view of another exemplary
apparatus 50 that may be employed to inactivate viruses
and/or other contaminating microorganisms in the
composition. The apparatus 50 comprises a reflective,
cylindrical enclosure defining a treatment chamber 202

25 through which the composition flows surrounding a pulsed
light source 204. The pulsed light source is a high
powered xenon flashlamp provided with a suitable power
source (not shown) in accordance with conventional
practice for flashlamp operation.

30 A liquid circulation pump 208 controls the flow rate
of the composition through the treatment chamber 202 in
relation to the pulse repetition rate of the pulsed light
source 204 so that, dQuring the time the composition
resides within the treatment chamber 202, all of the

35 product that passes therethrough is exposed to a
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23. 16x1063. 16x10' 5. 62x1021x102Repl i cat e
31x10° 5. 62x1021. 78x10225AVERAGES. 16x1067. 72x10' 9. 68x1021. 26X102

Post - exposyifokidké ations are conpared to the pre-exposur ecljysiorzs@n i n
order to décermne if viral infectivity was reduced by exposure to BPL.

Exanpl e 4 shows that 4 |og reduction of BVDV occurred using BPL. 30 The
hi ghest available titre is used in this exanple. Geater reduction of

viruses is ex ct ed whe her Q 4 / 003546 startin
titres ar epﬁ% W‘apﬁ‘flg‘ aPE %g%ﬁ‘%g‘ Q"J thgﬂ__ &J§9 é’cﬁrl‘ uted to a )

| oner concewkses iah Wobﬁéﬁetnpomrﬁts‘-c |1|xmct| \VATPd\FQFd'E COLI A sanple
of 15% E?S‘" ﬂﬂ@cmv@ﬁd \éhléhaf—lﬁmt’;hé dﬁmehoanggm%mjé@@l?i 099|r0w
over ni na centration X o
Sru iy ebt He inied hiBuaf R PHAAR efod SS9 B0 CRU) | o
4.25 | of Crhdutnals-4 Rdrters)/ninnat Boe vianpds idtiont éxdsingntipel ses of

br oad- speC% mx&éwtcn%bgﬂésgﬂiélmeé&é '&e%%%ﬁ@ﬂ&%e&“ dflgthe net hods

descri bed herein,_ Seri al alons of the sanple were nmade (using
0. 05M phosPeREEA by f"ei’)'ié‘ﬁ&" Aedd onto standard agar plates. The plates
wer e i ncubat ed 'Hte Fodurdt toeateenttclaisad 202 meyr be dbradnged sk hours of

i ncubat i on, éféﬁarl‘ét'i fgeh' tﬂ@spm v Cgmensewcel 2bgSto G ven a

sensitivi ty I evel 20 CFU tg‘iﬂ I&rg) his test dem)nst rat ed
that tr8at RERYCRE g AqmPORA &ﬁpaf%EF?#HS N 9P§§Ft3n§uF§%s

br oad- specsnmélm r ssught mdyi be afdchievedd |fox egdmplepnbP0 in bacteri al
cont ent . gﬁo} q:l.c}ua éegggﬂ%gk% %Ea%@g‘ %?195!:1’9): Y%féﬁ%é Eﬁ'é nventi on

her ei n dISC 0s€ as been cri ans nts and

ecl
appl i cat i oh¥IRheFRHICe Ffter 8&1§hrr5’éﬁ’f??f%ﬁqsdﬁsl%aengv'éF‘F%Y?%ns can be made
thereto, byashirse aftside khenguaetarjackét.howooddpgr vater fmaynmudie scope of

the | NYBN LoPoatafl detilll Bnthes gl ] aging olodl ha The dhselpsures of all

ref erences and patents are ex y 1 ncorporate el n by reference.
-34 WO odrakelo PCT/ US00I 03546 CLAIMB 1. A method of reducing the content
of a pathogen prigsaiiandter bifothgi €oédtmel ichathbeenpisltvany the net hod

conpri si ngd&ﬂ@mﬂrﬁf%pqn: many factors including but not limited to
the specific absorption characteristics of the
20 composition to be treated, the physical and operating
characteristics of the light source 204, i.e.,

flashlamps, and the degree of product mixing between
pulses, i.e., flashes, of light. The treatment chamber
202 may include a reflector assembly as its outer wall or

25 as an external reflector, in order to reflect
illumination traversing the composition back toward the
composition flow path. When an external reflector is
used, the reflector assembly may include a quartz (or
other transmissive material) cylinder (or tube) inside

30 which the composition is circulated and outside of which
the external reflector is positioned.

It is noted that some biologically derived fluids,
either natural or following dilution, are relatively
transparent to light, including significant portions of

35 the UV spectrum. Accordingly, there is relatively little
attenuation through absorption in such compositions, with
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provi ding a biologically derived conposition conprising at |east.one
pat hogen; and illum nating the biologically derived conposition with at

| east one ‘D'%g@i' tensity, short duration pulse of incoheg&iisehfisychronmatic
light in a broad spectrum such that the content of active pathogen is

reduced by a factor of at least lo. 2. The nethod according to Caima1,
wherein said providing step provides a biologically derived conposition
conprising at | east one pathogen selected fromthe group consisting of
viruses, [Bhet Einx, deysbiyeiecrnegsiing, langely anlprasoms fuBctine o€t hod

accor di ng gligtehakMeZom Wiee &l iyhtAisduPEaYi Gisevd:P fHrO\WLHRs a bi ol ogical ly
derived coq omt.;.ﬁgnnco r 3'}34]“% at. Iegst ope_.viru isoel ected fromthe group
consi sti n§° ORIRAR"F nhito |cisé'ﬁ8§ vFAl T?—ﬁw Ol 9% hepatitis A,
hepatiti s denshtpavill sderedge/as aHfunction atdhwfaldistance Sroman

vacuol af i RgeV e HEh#Bmp DAY e \Suchl cdinpbseforyid Uhsihtadnl, nexpar vovi rus) 4.
The et hod accordgng tg a alc'{n 1 .Wnergin S |d?#{ ovi di ng %t p 1Qrow des a

bi ol ogi caPly §¥PPYed? IS MIRITEFELRY 9975 e engOUp ¢6n8Fsting of

bl ood pl a¥né dgrpdsidn @ven Baclow a4 0. @mOsit Tgas’ dependingXon

conposi ti QRg, pARL: LR PALK b CRIRARI kh@NEo b& mﬁfu&emmagh%aons, al buni n

conposi tions, Lnnunoglobulln conposi tions, nonocl onal anti body

conposi t i Hifs MaFnraEingd cErroughionts throRtea et i2PM®mposi ti ons, col | agen
conposia i alsernasivehy carmpiosiaddditdoandmbk tngl steruld dewri toconposi ti ons.
=35 WO OVt i@4@nRETa PSODE W@lﬁiﬂb@in&t@f@h@é‘&ﬁrsd'swjbet%a' m 1,

wherein said illumnating step conprises illumnati nctL thé biologically
derived c&Ppd%i PPBRORFIRLIIuX dNEEREIRY gR0G RURRET T BRdFESJEPati on pul se
of i ncoherachtiegeal yhiar demired |degirieel praleévehdo £ poratiivardiengi n t he |i ght
intensity i g at,leasg,.0, IR : the pul se duration is | ess than 100 ns
and t he Iilg%t' 'vv}ac\?g?e%rt%gé%ir]fel etl\?/g\én,lm nmto 2600 nm. 6. The nethod
accor dithg to CHBiAe1thenklashiamy 304 Lendacated) i &Fmaddyr PEeth®| | uni nating
t he bi ol ogirealtmgntechasibler @qeodint ithe appiratus exstoft WIGhi gh- FDGensity,

short durati u [ e [ [ ' ad
spectrum %7.5%%%'8 Iﬁggﬁpﬁ%c‘!’(}gr ?{? '}:189%%1??% Cllé%m"ga eia%@gglnat%r’%j\:)?di ng step
provi des 9% dPogRaaFtgntche v‘éﬂ’agGﬁpG%‘F?F%lerﬁfriasitﬁﬁaﬁ“eP ast one

pat hogen ahdmberpresiNga opiefunredcdesigh iststieat irawthichetken said

oo S0 BB s6ATBEL A Sl d el 18! LBfabOEeR GlfihAL] ¥, derl ved

conposition | east” one Intensity, short “duration pul se of

i ncoher entt{S3EPERToRRATREY | 3RR SMPLRYEPE.R SERRIRIARLVEySrrepiBeNthe
bi onol eculoondifuiitnt(er gs} a squenttz2deubepyed2. 8. THéd ccmsttneohitacbembeng to Caim

L TUrt herp 0mar L5516 offbd U dity Whe B8kethe al Yedeideteddcomposi i on prior

to said illumnafi ng step: and concentrating the biologically derived
conposi t | FiRCECTs4PH- i | A UFharlamg 2PEpis PoaHeldR8hEdOR8cording to Claim
1, furzderamuher Soegs Of othdlidlg idthieaddrepredtarnand.sedhlel ght appar at us
conprisin I el ing_ at one | d two
opposi ng tgfr]‘g‘r?gln]’l%g‘g’rggkEﬁ%’?e"sﬂ;ﬂgﬂﬁg‘q‘é{aggi gagl:?%‘zé%i ol 3 i%%?lt%nggrglgved

conposi ti diPn watlegwcpel ie@rthereatio Sspausagthe dhigfis Pulses ares; wherein

-36 WO bl ByPehb USDDIOSR4A reflector 254 toward the center

of the treatment chamber 252, compensation is provided

30 for the light absorption of the composition being
treated, so that all of the composition is subjected to
uniform light treatment. In a variation (not shown) of
the embodiment shown, multiple elliptical reflectors,
each having a flashlamp at one focus and the treatment

35 chamber 252 at the other focus, may be utilized if
desired.
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aid illumnating of said biologically derived ..ion is perfornmed while it
is l.ocated between the opposing transm ssive plates. 10. A nethod of
inactivatgagmﬁkarus present in a biologically derived camassitasen whi ch

i ncl udes I'onmbl'ecul e of interest, the nmethod conprising the steps of
providing a biologically derived conmposition conprising a bionol ecul e of

| nterest and a yhids: vapfohd | BAAR0uERRu! Shogk el ineed conposi ti on
with at | east one pul se o? road-, ctrum pul sed |ight, such that the virus
is inacti v&F&&PdJ‘;leAtBPoPB@?%IVR’&é‘Hi?Bd BYRPBEER | PTG mitky a

bi onol ecul &idfl bet apprechbted wonmsiet bodnskddlabnache vaertyithat cont ent

reduced by f, or a 0.r Is ol : t s a result of
t r eat ment a%g&;%g%natﬁércég#%?%u%\“J]néﬁ?gﬁhab?éhgf@%}cgﬁ$ec?£?tﬁg bi ol ogical ly
active. 5 EbovErdeseriabedarRRAAYHP + @ay alkerpativelyibe surlayvedvi di ng step

provides a ﬂlicrokmis@abh¥p3§éé Vﬁeh m{gmsg&boaqﬁeheyt edzlqiérﬁ;maxm group
consi sting,of hovine seru ee ovi,ne.insulin, . povine
transferrirﬁeqf ‘ne%ﬁgpgfgﬁ?f%bl#Zﬁﬂﬁxi gﬁ?ﬁsdag%HS? ?Eﬁﬁ%) £r pepti des,
monocl onal cawlidbdéi egpaniedr be etrratf riokravgonusi salvyienyi neered manmal i an
cell line. dehtalif@nePbhielogtel i Nbrived dopdLit1BRE Sivnsd d i1l um nating
step co rlsqééfllunlnatlng t he |olog|%allﬁ ggrlveg.cqu05|t|on Wth at
| east AW £ 95 BXABBER ¢ rIRTHIS SR EAYRPOUELERPHIL AR P i nact i vati on
of the vir unoosdmgt port, apaseathe ssaimtiongthedughi tine i pulssd Ad ghitr a
content. 1 o] ceordi C ai ' (g illum nating
step corrpri%shg-s;@ﬁﬁh?ng%l?nggt%’é{%i%ﬁ}(;;di ?Qﬁ}égﬁ’é\rﬂ?@{é‘g‘l‘@%ﬁ% tion with at
| east one plEmAdNdNghipsyaperevs tyhinge@dnpdi dRto 3uedtient:. t he i nactivation
of dt he -37 \ADIOD%EB4Q|::B€IﬁéJ$QOA;£Ea&é&uai,r BﬁLr £8Ubhployediitd ﬁast a two I?g
reducti inactive vir content.,.. 15 .A e I ng. ,f.he content of.
a pat hoﬁ%n "&r]e%ﬂa%len aggbltléf% i%a‘?ﬁ]/lo(?elﬁa\ggg ggﬁ%&%ét?%ﬁrﬁ? telc’r?et hod
conpri si ng therestugss thie: conbentli o) rptlioglengi £ar| ¢xamwple cdirishposi ti on
cogpr:fing éﬂq}dﬁﬂﬁadﬁgiiﬁatﬁ9gﬁ? féﬁggﬂa &a@&broag pgﬂnn!ecule Ff i nterest;
and illum nati e bi ol ogica eri.yed conposition, W t t. | east one
hi gh-i nt en?’ﬁf?&sa%’g'ryﬂ &&Pagrs#'ﬁ%'l"%é“e(#'c’l%nc?c?ﬁgf'éﬁ?sp%?‘%’ﬁf’b%ﬁﬂgc light in a
broad spectthembisuclgicaddyt Hertved erampeisikdonyvwipht Pobeed i Bightduced and the
?'50”% esy!l q\miﬂdgﬂ_taﬂ G%fceng 1 8Pt ofie&t‘é st aia@u;rpeoﬂe@{r@ﬁ#,atc?]or g! ng to C: aim
: erein saidillummnating step gonprises, illunmngtin e biologically

deri ved corﬁﬁfsﬁetriadﬂysg%’ﬁ“%hﬁt 0% H%})%nggn?b%‘?t aty iYEMat ﬂg‘ae’h°§tr1erei nis
requced b_y pteﬂmﬂilyombohtgo.aﬁ.:fﬂ'ché mtlhdxj de@r dwiner & im (ﬂh@l m 15, vvh_er_ei n
said provi diqg gl ehdl@Nkdess bl abAf Gl Ibhelghi¥eMeCopPAR ti on compri sing
at | east one pathogen sel écted fromthe group_consisting of viruses,
bacteria, pSPERRFEIGBEIDg Ahhgninalrdy i dhe 11ghtTRUISRE YR according to
G aim 1fs whesfiradiie o @eéirg¢i 8Roft auatdvindes Palbeotiagatibhy oferi ved
conposition [.S] l,easi.o V] l.ec t group
consi sting %éggggééﬁlgﬁd§¥2}%ﬁe%3tl ?sﬁg, r%%gfigﬁgag?gﬂ%pa itis C, HTLV-1,
HTLV- 11, cyeetegsn ARquls 10Susoand ol hansyi ©ald -drRPRRe8 - ¥i BPeis KR cani ne
par vovi r us. ndék %ﬂ"@ﬁé’f&?dmﬁl &ﬁg@&diﬂﬁbﬁ &oduaq@wphiseuhﬂghg I?@ﬁ\q)rdﬁ\/i di ng
step providgs_ .a biologica rived canmpaosi t.i, 0 c romthe group
consi sti ngd%?gtbo*}l‘tneer_’sgiéc ur%"&s ﬁggﬁt b?%%a&l%dvilﬁegf‘%g&j?i %E bovi ne
t r ansf eBPi nchaxAttrr irgsheisn ingohkugeh, RAlvFhramagdc pighbnim a.- 38

broad spectrum. Preferably, the light includes

wavelengths from about 170 nm to about 2600 nm (i.e.,

frequencies of about 1.8x10® Hz to about 1.2x10* Hz).

Because the time between pulses may be very short, e.qg.,

35 1less than about 100 ms, a single, multi-pulse
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WO 001 47240 PCTI USO0/ 03546 peptides, nonocl onal anti bodies and proteins
froma genetically engi neered manmalian cell line. 20. The nethod according

to Caim 1@0%%@ n said illumnating step conprises il pgfigegjossie t he
bi ol ogicall'y derived conposition with at |east two high-intensity, short

duration pul ses of incoherent polychromatic light in a broad spectrum -39
.Af.AS 2

.AS'y. A "y.AyL. ALL. AL. AS. A@ . Af " . A3 . As. A9r.. A@ A9. Afs A59. AsL. Ay . A A@ . As.

A9. A . As. AEaﬁEi)A@#}“ Areakmentycen he gompreted Adylgss §HRIB4F

JA L{uoi c"¥RoheaUfcn] exdl] caidlacaenhtal ra@m]wﬂx@m] daUpcaacal ca] cal] cay

! s

f%f?g[ S/ﬁl} %?glélgf% iﬂﬁ%ﬁﬁ%&ﬂg H%ﬂ (l:JaeC?ér%\ﬁg c%(g cal] ca] caU
] ca] cal] caPPROFEE] €212 RYtSY EZraLPeRE) cal 1'cafﬁ‘YYb('i' bisarkapre’?

L! 'U]' B$]D$°/6‘%W‘ ige’ a’ ﬂtﬁfal(lhﬂ (o( (f(lé(s(&wmtﬂwiieﬁa'd]lm}gcah’kctﬂﬂlﬁ‘aﬂ Ca]U]0aU]U]0a1
cal] ca] ca c a cal] cal] cal] ca
Ul ca] ca()) ;‘ Q%E%’?ﬂim*** gbﬁg%gaﬂ&,ﬁj 0] Cs Ubg%] 8?caU] cal cal ca] ca
U ca] calU] c& ]reaﬁn 38 ¥n|haypc SpRkoreh) Wﬁm& &¥BaU] ca] cal] ca] caU]
ca] cal] ca] mathea®, of , reducing the>cBntefit Vof -pathogens- lin/ / { upj e_YT] ] cal] cal]

U] Cal onl) CHLEROPESR hhl e b Bt YAuA," Bl K ebfrgop o2l oot ol o2

o &t vgaRTRER) o Yaqupkatel] cfaU] ca Ul ctaU ca U ctaU cal ca U c”raU] ca
U c”ay] cal] ca] cakl sadéer Y& algsrUeezicabhery Cﬂld aaliqadhyakeablcal cal] ca&<l<N<
S<<= >>>>>>>77777 2323 §¥z gAyg%g ih accordance with the
U] c”ay ca] Y cg]1 } %(%g%g]éﬁ\gm%cﬁa ca
Ul c*aU] ca] ®gthedrchired] c henjcomppeattan] kgl o didppanakeficas
Ul c”aAAy DDigR ERFEE Gb 6384 tlMpQRRéRp Ro &l RifiRShum Igu1sEeRi didgkcaV] ca] caV] caV]
cpl cadlieal aadleal e égﬁnﬁﬁé‘tﬁ@ | sadcelgal silsaldicn et letace
Ul craSSXT PeTFPrsay 7 RRFLPg ok ¥edmantoj dycdptpkial Fkalt] ca) cal] ca
1 ca] cal] caligaheal e asdent]alrmalicailen] el alnpad adULeakeabhea] caVv] caj caVv]
ca] ca] cal %%L%%L%alzgé\x?scr&jé]sel%%c,f { 3gggcR broad-spectrum pulsed light
that inactivation is reliably achieved. Examples of
20 suitable materials include, for example, polyolefins,
such as polyethylene and polypropylene, nylon, guartz and
sapphire; the 598 patent discusses various polymers
suitable for use in pulsed light treatment apparatus.
Different materials may be preferred for forming the
25 containing material depending upon the particular
configuration of the pulsed light treatment apparatus in
use. For example, where the treatment apparatus employs
closely spaced thin plates through which the biologically
derived composition passes, such plates are preferably
30 formed of a relatively hard, transmissive material, such
as guartz or sapphire. In contrast, where the treatment
zone is an intravenous tube, a pliable polymer material
will be preferred.
In addition to considering which pulsed light
35 treatment apparatus to use and within which material to
contain a biologically derived composition to be treated,
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115/ hjjjj kkkkM m{ upj e_YT] ca] caU] cal] ca] caU] ca] cal] cal] ca] cal] ca] cal]
(r:];i 1:;51]] (r:”aJUJ] JC‘zl;ll.(J]kléa] cal ca} cgJU] cal Lau} ca] cal] ca] cal] ca] cal] ca] cal] ca] cangqqqr O
t U?WXSXYYY SyOpydaM zt oi d*XSj e _YT] c] cal] cal] ca] cal] ca] Caqj@ﬂé‘?&ﬂﬁ%@ cal] ca]c
aU] cal] caU] cal] cal] ca] cal] cal] cal] caU] cal] caU] cal] cal] caU] caJc alU] ca
keno" | Hayyt ni cAXR] U] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caV] ca] cal ca] cal ca
] cal] caU] calU] cal] caU] ca] ca] cal] ca] cal] ca] caU] ca] cal] ca' +6t w&* T[ F\ {upj e_ZT] U
] U] ca] cay £ cal.cal ca ,caU%ca%ca ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca
] cay] ca] ca ca?t% 1%59]%%‘58]‘ §] 5\ tR& 1 cCompasiddpnp ik 52U Ushbaer] ca] cal ca]
cal] ca] calpeafensjdaarhl] Fakcekhnp] e pU4ka ] tnadsiakeavieg] saUggl cau cal cal ¢
a] caul ca] catbred fariPidRthvea composition is..i .

- {upj cal caUl cal AU ca] CBU Cal PROFEAPE A EP cip8UXARS] cal] ca] ca
G et o T PRt dpmuc) cot ol
] caU] caf caphbeed cigrel] cvheabhsatbnpdiaitd &l aablisablcal] £l caUl cal] cal call
ca] cal] ca] gaff vl kg cgﬁc‘%}g ~i@%;f-§_selnhb\ Vggg\ VPU[cal] caU] cal] ca] ca
U] ca] cal] caUl cal] caUl.ca ca%tca aUJca)calc E&@]‘

W] cal] caUr¥ "tﬂaiﬂ c86) Ehe ceen Gy deHowpadFRakdrum

>DGLOUXM u{Buijesi ATigatVPUFeY)] 6xdtsld CajHed bLaabl 58l ‘gﬁﬂgaﬁﬁg'ca] calU] ca]ca
U] cal] caU]g:. b Gy ﬁg] P%gg{%ca gg%ca caUl cal] call ca le
*[ 55Fy\ u} | vgkf. ZUU cU ca caLch cauey @ & fi%%Lﬂ’t%ﬂ‘E:’aU]Qﬁa] call ca] ca
a] cal] tAU ] dRIeSacea oERar cragreng kenules] cahcall ciltatRedd QAghw | ga\ VU] cU]
U ca] cal| cedareddizalica) o8] sebsddspddiuahe piheal! calkalnallgel call cal cal cal c

zl\i/lU]BS?Lrs:)J]kéé?d C %%g&%;?%:‘g%}%c%% ggﬂigﬁfcﬁ?ﬂ‘g%cli%%ﬂw ca] caU] ca] cal] ca]
SYTURREGLY ¢ e U aaissilgsd it pUb £ a ologically
v %L‘émaa alowpbe bb] 62 4 ]getdraal,cabl satlcal£3) qalsal cal cav cal cal ¢

a] caU] £ G %3 da 281 RS SO MBE A6t BY sBR @1 Sitytdrsal] ca] cal] ca] ¢
m gg]U]cgaU]] Cﬁ%ﬂg]%%aé?gg] g&g&ﬁ%ﬁﬁcg in] tie)| majasddien) oU] cal cal] ca] ca
U ca] cal] cajahadpbmppditions so that appropriate tec

1 r
8Bzuoj d calUlcal.gal cal caUl ca] cal| ca c%e]sczﬁocaﬁfgg] cal] ca] ca]
I e e
QLONOR) b8 bpe LADIOY A Ch ek o1 f Wl LOYPRE (-3 11 (21 10%
o o & P DSBS erDn. Mo nierns netcs immiobe dilited for
M 10% ' & (PeulPFBPas 108581 . Erropdaeme’ nad | | |
1000 s<y 16XB0R1E) WILD%OE dpprpriat@yesl {he Ssolwiany’ !theia$&&é§%/§a( )--!Yf |
310%& () - w388 BOVLEn) - +41 189Ank0 Wehbnblt SR =k S5OL L0 () - INCPQ zo
Y:!!\low&kgkfhgg processed to provide the final desired product.
25 Because whole cells present in a biologically derived

composition may be irreparably damaged by treatment with

Pulsed light in accordance with the present methods,

these methods are best suited for treating biologically

derived compositions that either do not include whole

30 cells or that do not require recovery of intact whole
cells following treatment thereof with BPL.

As stated previously, these methods can be
advantageously employed to inactivate pathogens present
in a biologically derived composition generally without

35

destroying the therapeutic, pharmaceutical, nutritional
and/or other desirable properties of the biomolecule(s)
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10%?f(?;‘h?&bﬁ?&#hﬁ?@b?~§§ﬂéﬂh@bﬁfigéﬁiﬁg&bf)i@%éﬁqﬂ! mh@Y@eCreatéd Y& ! 109& (
) 08100&: (1 %ﬂ%’fégﬁeis(l %-/%ﬁ(‘hﬁ f&g}é@ékﬁgmﬁ& ?S‘%Iaé'%pﬁcfﬁ%‘{ & ()-:
$! 109& () pulsed LighfE=inongny FemhOnelrances theRMpd@ing. 1110% o( o0& () -
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10%08 () 13 A9 | 8 Jade AV (e T0MhOS e bfPinlha ] -/
instances be enhanced by treatment with BPL, which can
result in improved or even new therapies.
FIG. 4 is a flow chart wherein some of the various
10 embodiments of the methods of the present invention are
illustrated. An undiluted sample 300 of a biologically
derived composition to be treated may be diluted to a
dilute composition 302 or may be treated without
dilution. Three preferred exemplary methods of
15 introducing the biologically derived composition into the
treatment zone of the pulsed light treatment apparatus
are presented: a tubular flow method 304, a batch
treatment method 306 and a plate flow treatment 308,
Specific embodiments of the tubular flow 304 method have
20 been described with respect to FIGS. 2 and 3. According
to this first alternative, the composition is introduced
into the treatment zone of the treatment chamber by a
tube or similarly elongated apparatus. This includes for
example, treatment in an elliptical treatment apparatus,
25 treatment through an intravenous tube and related
methods. Preferably the tube, at least at the point
where the composition is illuminated by pulsed light, has
a small enough diameter that the entirety of the
coamposition is illuminated.
30 A second alternative for introducing the
biologically derived composition into the treatment zone
of the treatment chamber is to treat the composition in
batch form 306. In this alternative the composition may,
for example, be divided into relatively small quantities
35 and placed within one or more appropriately transmissive
containers and illuminated with the pulsed light. The
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&f()-Cﬁnb%§§§¥T}ngiatageously, this particular option permits
10 treatment of a significant volume of composition at one
time by distributing the composition into a thin, wide
layer. Alternative means for introducing the
biologically derived composition into the treatment zone
of the pulsed light treatment chamber will be apparent to
15 those of skill in the art.
Following are some examples of inactivation of
specific pathogens employing the methods described
herein. In particular, illustrated are the inactivation
of HIV-1 and BVDV present in biologically derived
20 compositions. The results of these experiments show that
the content of each of the four viruses tested was
significantly reduced after treatment with just three
high-intensity, short duration pulses of incoherent
polychromatic light in a broad spectrum. Significantly,
25 a reduction in viral content greater than three (3) logs
was demonstrated for both HIV-1 and CPV after
illumination with just a single pulse of broad~spectrum
light. A fifth example which follows illustrates
inactivation of a bacteria, E coli, present in fetal bovine

30 blood serum.

EXAMPLE 1: INACTIVATION OF B8V40

African Green Monkey Kidney (AGMK) cells are
inoculated with Simian Virus 40(SV40, ATCC VR-305). The
virus is harvested when 75% to 100% of the cells exhibit

-27-~



1011 9% 109 ()-m!9* 109 ()-m , .
(109& ()-!19%40%& ()-fs"109& ()- @ X 39! 10988& ()-XT] TAT_T TI T{TUV = 10! !!]"

10%pé& () - C\% ()-89 sg10% & ()-3Y10% & ()- 10 10
101 7109’ ( &’ NYZZX6_= 10! # # 100& ()-:1# # 10%v& () 2" %% () -

100/‘&'() &l 10% & ()-& " 10%t& ()-&Z[[[[[[[\~_= 10! #!'s! 10%
& ()- &0‘|9f10%&'() FZ10% & ()- 100 10° 10°1710% & ()-!D #
109&' () - /& %13
10! S’ s1 1008YE$PR) hF"Ffr‘(ﬁfi)ts&'(EfE&m%“%‘F’ifo%fpéfl(f)“s&GFf EF288R k3P ) - 20! "~ s! 10%
XX& () - &0! BterQ%bJ-b@ “0 i80bVoediwh cCwadsting 30% to 15% Fetal
101S' 1 @' 10%&: hd - SdRhg 10%K)() - FF10%& ()- 10: 10:
10: 710% & ()-Tk. sl 10%&' % &oedJerfsg YhwU3~ =
10| 6 @' 10%& (2K 1o6dI= Goequses 1'“@”1"0%? OF. e sapPries,
& ()- m+5 @oﬂxewmr)q NS4 .@rhe0 a4 f i nuded | §6% jgowthUema 10@B109%&' ()-! 3
109%& () -
10%&; ()-I mﬁgf&a 5 o \Asé 804" is B R Essennﬁlvl | gE=
10@B1! " 9&1!(“)‘!-"37 58) -"-1 1’03/@“88%"(3“19'%1‘-?0&‘ #03F10%3&' ()- 10
10InCnnppqmbBﬁ£ gentamicin, 100 units/mL penicillin, and 2.5 mg/mL
10! $109BBE () ;5 ke $10%& ()--I “$109BB& ()--!  $109BB& ()--1  $109%& ()--!"

zone.

"$109BB& ()--q9gqqgarrs_=0! "'q f 109%& ()-f!f
10%#&10) - f & szEBWR @)W/&re) ingupafied at 36-38°C in a

humidified atmosphere of 5-7% CO,

A 0.2 mL volume of SV40 in E-MEM with 10% heat-
inactivated FBS is added to sterile polyethylene sample
containers. Twelve replicate samples are made. Nine of

15 the samples are treated with BPL. Of these, three
samples are treated with a single light pulse, three
samples are treated with two pulses, and three samples
are treated with three pulses. Three untreated samples
serve as controls.

20 After exposure, a titration is performed by
preparing ten~fold dilutions from each viral sample in a
96-well microculture plate seeded with AGMK. SV40 is
allowed to adsorb for 1 - 2 hours, then removed from the
wells and replaced with fresh culture medium. A

25 titration of RPMI (without phenol red) is performed as a
control. All titrations are plated in quadruplicate,
monitored for up to 10 days for the presence of CPE
and/or cytotoxicity. Results are set forth in Table 1.
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The highest available

Greater reduction of

shows a 2-3 log reduction of SV40.
titre is used in this example.
viruses is expected when higher starting titres are used,
more pulses are applied, or the medium is diluted to a
lower concentration of protein.

EXAMPLE 2: INACTIVATION OF HIV-1

CCRF-CEM cells are inoculated with HIV Type I strain
HTLVIIIB (Vanderbilt University, Nashville, TN). HIV-1
is harvested when infectivity reaches a minimum of 80% as
determined by an immunofluorescence assay (IFA). Stocks
of virus are frozen and stored at -60°C in a medium
containing 10% to 15% FBS.

MT-2 cells (NIH AIDS Research and Reference Reagent
Program, catalog number 237) are used for titration of
the samples containing HIV-1. The medium used for growth
and maintenance of MT-2 cells is RPMI 1640 (with phenol
red) supplemented with 2 mM L-glutamine, 25 mM Hepes, 2
g/L NaHCO,, 15% heat-inactivated FBS and 50 mg/ml
gentamicin. Cell cultures are incubated at 36-38°C in a
humidified atmosphere of 5-7% CO,.

A 0.2 mL volume of HIV in RPMI with 15% heat
inactivated FBS is added to sterile polyethylene sample

containers.

Twelve replicate samples are made. Nine of
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After exposure, a titration is performed by
preparing ten-fold dilutions from each viral sample in a
96-well microculture plate seeded with MT-2 cells. HIV-1
dilutions remain in the wells throughout the titration

10 period. A titration of RPMI (without phenol red) is
performed as a control. All titrations are plated in
quadruplicate, monitored for up to 10 days for the
presence of CPE and/or cytotoxicity.
forth in Table 2.

Results are set

15 Table 2: Treatment of HIV-1 with BPL.
Replicate | 0 pulses |1 pulse 2 pulses 3 pulses
#
#1 1x10° 5.62x10% No
survivors#*
#2 1x10° 3.16x10° |No No
survivors#* survivors#*
20 |43 3.16x10° | No No
survivors+* survivors*
AVERAGE 1x10° 2.44x10° |No No
survivors#* survivors*

25

*The detection limit of this test was $3.16x10".

Post-exposure titrations are compared to the

pre-exposure titration,
infectivity was reduced by exposure to BPL.

in order to determine if viral
Example 2

shows that 5 to 6 log reduction of HIV-1 occurred using

BPL.

The highest available titre is used in this example.

Greater reduction of viruses is expected when higher
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A-72 cells (ATCC CRL 1542) are inoculated with CPV

5 (ATCCVR-2017). The virus is harvested when 75% to 100% of
the cells exhibit cytopathic effects (CPE). Stocks of
virus are frozen and stored at -60°C in a medium
containing 10% to 15% FBS.

A-72 cells are used for titration of the samples

10 containing CPV. The medium used for growth and
maintenance of A-72 cells is E-MEM supplemented with 5% -
10%heat~inactivated FBS, 10 mg/mL gentamicin, 100
units/mL penicillin, and 2.5 mg/mL fungizone. Cell
cultures are incubated at 36~38°C in a humidified

15 atmosphere of 5-7% CO,.

A 0.2 mL volume of CPV in E-MEM with 5% heat
inactivated FBS is added to sterile polyethylene sample
containers. Twelve replicate samples are made. Nine of
the samples are treated with BPL. Of these, three

20 samples are treated with a single light pulse, three
samples are treated with two pulses, and three samples
are treated with three pulses. Three untreated samples
serve as controls.

After exposure, a titration is performed by

25 preparing ten-~fold dilutions from each viral sample in a
96~well microculture plate seeded with A-72. CPV is
allowed to adsorb for 1 - 2 hours, then removed from the
wells and replaced with fresh culture medium.
Supernatant samples are transferred from the CPV

30 titration plate to fresh plates for testing by
hemagglutination (HA). A titration of RPMI(without
phenol red) is performed as a control. All titrations
are plated in quadruplicate, monitored for up to 10 days
for the presence of CPE and/or cytotoxicity. Results are

35 set forth in Table 3.
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(

infectivity was reduced by exposure to BPL. Example 3
shows that 3 to 4 log reduction of CPV occurred using
BPL.
The highest available titre is used in this example.
15 Greater reduction of viruses is expected when higher
starting titres are used, more pulses are applied, or the
medium is diluted to a lower concentration of protein.

EXAMPLE 4: INACTIVATION OF BVDV
Bovine Turbinate (BT) cells (ATCC CRL 1390) are
20 inoculated with BVDV (ATCC VR-534). The virus is
harvested when 75% to 100% of the cells exhibit
cytopathic effects (CPE). Stocks of virus are frozen and
stored at -60°C in a medium containing 10% to 15% FBS.
BT cells are used for titration of the sanmples
25 containing BVDV. The medium used for growth and
maintenance of BT cells is E~MEM supplemented with 15%
horse serum.
Cell cultures are incubated at 36-38°C in a
humidified atmosphere of 5§-7% CO,.
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0& ()- 10% 9&A)o.2?hL #0YEn@& £ )BvDiO%E: B&MEM- wibh@spshdat UuY=NA40 ! 10g
10% g&f()fnégﬁé%SQQd(¥Bé?ls added to sterile polyethylene sample
containers. Twelve replicate samples are made. Nine of
the samples are treated with BPL. Of these, three
5 samples are treated with a single light pulse, three
samples are treated with two pulses, and three samples
are treated with three pulses. Three untreated samples
serve as controls.
After exposure, a titration is performed by
10 preparing ten-fold dilutions from each viral sample in a
96-well microculture plate seeded with A-72. BVDV is
allowed to adsorb for 1 - 2 hours, then removed from the
wells and replaced with fresh culture medium. A
titration of RPMI (without phenol red) is performed as a
15 control. All titrations are plated in quadruplicate,
monitored for up to 10 days for the presence of CPE

and/or cytotoxicity. Results are set forth in Table 4.

Table 4: Treatment of BVDV with BPL.

0 pulses 1 pulse 2 pulses 3 pulses
Replicate 1x10* 1.78x10" 1x10*
20 |1
Replicate | 3.16x10° 3.16x10° 5.62x10° 1x10?
2
Replicate 1x10* 5.62x10° 1.78x10%
3
25 | AVERAGE 3.16x%10° 7.72%10° 9.68x10° 1.26x10?

Post-exposure titrations are compared to the
pre-exposure titration in order to determine if viral
infectivity was reduced by exposure to BPL. Example 4
shows that 4 log reduction of BVDV occurred using BPL.

30 The highest available titre is used in this example.
Greater reduction of viruses is expected when higher
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starting titres are used, more pulses are applied, or the
medium is diluted to a lower concentration of protein.

EXAMPLE 5: INACTIVATION OF E. COLI

A sample of 15% FBS was inoculated with £ coli

5 (ATCC26) and permitted to grow overnight, at 32°C, to a
final concentration of 8.8x10' CFU/mL (4.9 log CFU/mL).
200 uL of the contaminated serum (containing 17,600 CFU,
i.e., 4.25 log CFU) was then illuminated with 3 short-
duration pulses of broad-spectrum light (1.0 J/cm®/flash)

10 in accordance with the methods described herein. Serial
dilutions (10x) of the sample were made (using 0.05M
phosphate buffer) and plated onto standard agar plates.
The plates were incubated at 32°C and counted at 24 and
48 hours.

15 After 48 hours of incubation, no surviving E coli was
observed on any plates. Given a sensitivity level of 20
CFU (i.e., 1.3 log CFU), this test demonstrated that

treatment of E. coli-innoculated FBS, with just 3 pulses of
broad-spectrum light resulted in about a 3 log reduction

20 in bacterial content. (4.25 log CFU - 1.3 log CFU = 2.95
log CFU.)

While the invention herein disclosed has been
described by means of specific embodiments and
applications thereof, numerous modifications and

25 variations can be made thereto, by those of skill in the
art, without departing from the scope of the invention as
set forth in the following claims. The disclosures of
all references and U.S. patents are expressly
incorporated herein by reference.
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1. A method of reducing the content of a pathogen
present in a biologically derived composition, the method
comprising the steps of:

providing a biologically derived composition
comprising at least one pathogen; and

illuminating the biologically derived
composition with at least one high-intensity, short
duration pulse of incoherent polychromatic light in a
broad spectrum, such that the content of active pathogen
is reduced by a factor of at least 10.

2. The method according to Claim 1, wherein said
providing step provides a biologically derived
composition comprising at least one pathogen selected
from the group consisting of viruses, bacteria, pyrogens,
toxins, fungi and prions.

3. The method according to Claim 2, wherein said
providing step provides a biologically derived
camposition comprising at least one virus selected from
the group consisting of human immunodeficiency virus
(HIV)-1, HIV-2, hepatitis A, hepatitis B, hepatitis C,
HTLV-I, HTLV-II, cytomegalovirus, simian vacuolating
virus 40, bovine viral diarrhea virus and canine
parvovirus,

4. The method according to Claim 1, wherein said
providing step provides a biologically derivead
composition selected from the group consisting of blood
plasma compositions, Factor VIII compositions, Factor IX
compositions, antithrombin compositions, transferrin
compositions, albumin compositions, immunoglobulin
compositions, monoclonal antibody compositions, viral
vector compositions, heparin compositions, collagen
compositions, insulin compositions and blood serum
albumin compositions.
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comprising a biomolecule of interest; and wherein said
illuminating step comprises illuminating the biologically
derived composition with at least one high-intensity,
short duration pulse of incoherent polychromatic light in
a broad spectrum, such that the biomolecule of interest
is not destroyed.

8. The method according to Claim 1, further
comprising:
diluting the biologically derived composition
prior to said illuminating step; and
concentrating the biologically derived
composition after said illuminating step.
9. The method according to Claim 1, further
comprising:
providing a broad-spectrum pulsed light
apparatus comprising a treatment zone including at least
one flashlamp and two opposing transmissive plates; and
causing the biologically derived composition to
flow between the two opposing transmissive plates;
wherein
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aid illuminating of said biologically derived
~ion is performed while it is located between the
opposing transmissive plates.

10. A methcod of inactivating a virus present in a
biologically derived composition which includes a
biomolecule of interest, the method comprising the steps
of:

providing a biologically derived composition
comprising a biomolecule of interest and a virus; and

illuminating the biologically derived
composition with at least one pulse of broad-spectrum
pulsed light, such that the virus is inactivated.

11. A biologically derived composition containing a
biomolecule of interest which composition has an active
virus content reduced by a factor of at least 10 from its
original content as a result of treatment according to
claim 10 while said biomolecule remains biologically
active.

12. The method according to Claim 10, wherein said
providing step provides a biologically derived
composition selected from the group consisting of bovine
serum, sheep blood, bovine insulin, bovine transferrin,
bovine heparin, collagen, amino acids, peptones,
peptides, monoclonal antibodies and proteins from a
genetically engineered mammalian cell line.

13. The method according to Claim 10, wherein said
illuminating step comprises illuminating the biologically
derived composition with at least one pulse of broad-
spectrum pulsed light, such that the inactivation of the
virus results in at least a one log reduction in active
viral content.

14. The method according to Claim 10, wherein said
illuminating step comprises illuminating the biologically
derived composition with at least one pulse of broad-
spectrum pulsed light, such that the inactivation of the
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comprising the steps of:

providing a biologically derived composition
comprising at least one pathogen and at least one
biomolecule of interest; and

illuminating the biologically derived
composition with at least one high-intensity, short
duration pulse of incoherent polychromatic light in a
broad spectrum, such that the content of active pathogen
is reduced and the biomolecule of interest is not
destroyed.

16. The method according to Claim 15, wherein said
illuminating step comprises illuminating the biologically
derived composition such that the content of active
pathogen therein is reduced by at least one log.

17. The method according to Claim 15, wherein said
providing step provides a biologically derived
composition comprising at least one pathogen selected
from the group consisting of viruses, bacteria, pyrogens,
toxins, fungi and prions.

18. The method according to Claim 16, wherein the
providing step provides a biologically derived
composition comprising at least one virus selected from
the group consisting of HIV-1, HIV-2, hepatitis a,
hepatitis B, hepatitis ¢, HTLV-I, HTLV-IT,
cytomegalovirus, SV40, bovine viral diarrhea virus and
canine parvovirus.

19. The method according to Claim 15, wherein the
providing step provides a biologically derived
composition selected from the group consisting of bovine
serum, sheep blood, bovine insulin, bovine transferrin,
bovine heparin, collagen, amino acids, peptones,
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peptides, monoclonal antibodies and proteins from a
genetically engineered mammalian cell line.

20. The method according to Claim 15, wherein said
illuminating step comprises illuminating the biologically
derived composition with at least two high-intensity,

short duration pulsas of incoherent polychromatic light
in a broad spectrumn.
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