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(54) Title: METHOD FOR REDUCING DNA IMPURITIES IN VIRAL COMPOSITIONS

(57) Abstract: A method for purification of viral compositions is provided. In particular, a method for reduction of unwanted
residual DNA in a viral composition while retaining the immunogenicity of the virus itself is provided. The resulting immuno-
genic viral composition is substantially free of residual DNA, and is usetul for the manufacture of medical products, such as vac-
cines designed for human or animal.
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Purification techni ques such as ionic chromatography and the like that rely
on the differential electronic charges associated with the viral particles
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and the CoR% Vnettlilg1 tréncl)gva?fof Vari01psrirensp%101%i'es including unwanted residual DNA fragments

originating from the cell substrate used to culture the virus. However, while the
25  purification process must deliver products that meet the most stringent regulatory safety
standards, the purification methods used must not degrade the medicinal properties of
the virus itself, nor make the production process uneconomical so that the finished
medical product becomes prohibitively expensive.
Purification techniques relying on the use of nuclease or chemicals to degrade the
30  residual DNA into fragments too small to represent a significant clinical risk may result
in degrading of the virus particles thereby detrimentally reducing the immunogenicity of
the target virus. The various filtration, centrifuge and other techniques to clarifying
the viral solution that rely on the differentiated physical properties of the desired virus

as compared with the unwanted impurities (such as size weight, density and the like)
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lower uptake for this administration method.
The 2010 Chinese Pharmacopeia issued by a committee headed by the Chairman of the
Chinese Food and Drug Association (SFDA) states that the residual DNA from Vero cell
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15  allows for whole, non-degraded viruses to be obtained.

A further objective of the current invention is to propose a purification method that
significantly reduces concentration of unwanted impurities and specifically to reduce
significantly the residual DNA from the cell line substrate in the finished product,
thereby producing highly purified virus particles.

20  Yet another objective of the current invention is to propose a purification process that is
scalable, i.e. it is possible to produce bulk quantities of the desired purified viral
composition.

It is also an object of the present invention to improve the processing technology,
simplify the equipment required, minimize the production costs, and ensure

25  batch-to-batch consistency.

To achieve these aims, the subject of the invention is a method for purifying a viral
culture, wherein according to the invention the purification of a viral culture is
characterized by a method consisting of a combination of processes that includes at least
one step to increase the ionic concentration of the viral composition and then at least

30 one step to separate the desirable virus from the unwanted residual DNA by size
exclusion chromatography. The result of this process is a composition of purified
viruses that may be used to produce highly effective vaccines causing no significant

adverse side effects in the recipients.
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i nvention,j viruses, particularly viruses of 25 the order
mnonegavpﬁa%gg%gﬁé%re particularly the famly of Rhabdoviridae and even
nore part Howleaéd, )deFﬁbin%Sth%l IDNS\e&a%ﬂiBﬁs sibjoeahe fRIfE@BICOSolGtRE BedaliSNthe
invention also applies in particular to viruses suitable for propagation

wi th cont copemtias nuglpaser othprwisgawisido degtgideshe povarded, PINA foid dhenisr r hagi ¢

fever,.Japanese; Er alget i S, a [ KE: . t.ai di t he
pr eser%% [ ﬁ%n? i%e%%ggls%{g%st Oﬁls{e}% {ng\ﬁwgdﬁégl&d'e%xfgﬁ%c@}g? hgwg uing'ﬂ{oe t (rPlILecI ease
or ot her suball abpedvdsotht ysaltehgt ieal cehlpssitibn st asdd bEbhskhvatesidudlnDNWr t her

enbodi ments of the current invention no chem cals, such as detergents, arc
used to pFRRSCBIERNeARdEIrENRRITIGIRS @ﬂt%nt&9 desiggd IEIRPECAKIY ¢ n%v%eﬂaf’ret H‘@ DNA

from sol ut,|,QR.cORt@hiBAING §ME: L8Rt ikddRy 71& adEthef ENfAhﬁ{us@HE&ﬁb@%S of
the current 1 nvention no WD 2012/ 019354PCT 2010/ 075948 8 chem cals are

used to degnaad frdre tRNArilengoyitioeduthusg it hecosdanec ofithtthe cDiNfttiovanitibngat e
the risk qgf ther eing fragnments of. th retain a f tional gene. The
subj et i BTG o RuNBaHIERE PhveRtFon b huds® Boredert DS bpSMoxeEE

sui t abl e tQfucNbd WEhSItIRaGAtIrANcleRRr ticul arly conti nuous cell lines and nore
particularly Vero cells. The 5selected cell Iine will be cultured and

i nfect ed Wetdigane may det usd taspigpigirtic s DNAabhe envispenyiemntaithisofgi virelns. | n
certai n enbadl BRI vyt BRUSMELLRE LMSE bPhe BhLT,ARARPEPRILALS Bori o
centrifuge techniques. However, the detergent itself must then be removed from the
25  final virus composition resulting in additional steps and costs in the manufacturing
process. Thus, in accordance with the current invention, the method of purification is
characterized in part by the process of DNA removal or reduction without the use of a
detergent.
Size exclusion chromatography has been used to eliminate unwanted residual DNA
30  from viral compositions, and specifically rabies virus compositions as produced on
continuous cell line substrates, such as Vero cell (see Chtioui et. al. 2007, Kumar et. al.
2002 and Kumar et. al. 2005). Size exclusion, as described in the prior art, is

conducted at low salt concentrations wherein “Low salt concentration” is exemplified

by up to 0.5M NaCl. Such prior art publications fail to teach the benefits of using high



under the desired conditions necessary to culture the virus, the viral
conposition is harvested. In related enbodi nents of the present invention
t he undeswoabi2ip3spurities 10 in suspension are substamCiraiN2g1ovogsEsed
through a filtration. The use of suché6techni ques generally rely on the

di fferent . physi cal .operties of the target wvirus as c ared w t he
inant ed. i eeRr ey BiOE HHeES plpy 4 Gt SS dlhlin} Boppgapic ) fllpé

sol ution. cMigceaR: re@biaiof uh®ehtdd sideel bNaubstrate DNA in the virus
solution, particularly the 15precipitated DNA fragnents in suspension, may
be renovednoHicoapprondh dasetibasnin tih pries 166 thefuse REidvinelirpgateRTaphy-t ylopet ween
the resid d vir ar.ticles . be f her ¢ n during the
concent rafLg ?IIS no gr%ﬁ]g %ﬁsrcéita%ap#lugﬁmens lgg%%ltu@g r? %ugtlweﬁ@{ﬁpg%@@%devﬁﬁ%ﬁs% cally
trappes duighifgattihercdgerdegatorapared withaize axdhisioardhtsth@sgrapMc@ukifieatiddofl s
bound Specifically or Non-specifically to the virus, or otherw se entrapped
by 20aggr Epagsesrust Prefwced; gn, yeror ¢edls isaigoshromeatography fteghnisies ety of 28

exl usi on e I W i ydngf f i .. means
for effic?ggﬁl3&%g§§gyﬁgléﬁ€(%kﬁyﬁgégﬂ§?£g§%$;P%%%%?%Oﬁ%fﬁﬁ%ﬁ%%ere ates to
a processpfaluctpr.i fying the resulting harvested virus, which wll

pr ef er abl byt not necessaril.y, i.ncludes at |east_.the foll ow st eps:

ol ar i {1 catPeAIMAHRSNT SUTGU iENGAY iH{aF phile 2 TSRS FePoURn BerpiclEbr i s
and pagt PNARPARE abROthe @ kFANarobNS rhdyOoRR EORILERY! at SHRDId@hRscafRNwih &P tO
concentrate the purified virus to | evel's useful for further processing,
washi ng t highyiigldof viruhsugtablarfor mhdinallusersecdl as thaprodustioarofivaesindsvat i on st ep
whereby the harvested virus is rendered inactive by treatnent with

chem cals or other process known to those skilled in the art. The viral

sol uti on 3tRréfRi&EUAGEnRkiohhe purification process generally still contains
a 30 concentration of residual DNA fromthe cell substrate in excess of

100 pg per , V(%) i : i Ll woul d not be anticipated to
nd US%O%O?)U%%BF’}MYM rbfg‘aﬁﬁﬁ)ﬁ/{eftﬁda@

meet the Chinese FDA gui nes t he maxi num concentrati on of DNA

content suitab se as.set. out. | h i nese Pharmacopei a 2010.
The p#ésent 1nbg%%ﬁ%ﬁﬂ?g&§§zﬁﬁiﬁF#@@gﬁgﬂ%ﬁgqﬂh%ﬁﬁ%ﬂ8% of two additiona

i nportant steps WO 2012/ 019354PCT/ CN2010Q/ 075948, 9 in the purification
process, nankl ystm9&l§§ﬁ7%?gc%q'd%‘é¢dc\éf"?iyﬁ?@%@e‘ﬁ“@@ﬂée&’@]ﬁﬂg&eﬁlﬁb @eil a high
ionic (that ispnAigh salt) solution followed by size-exclusion

chromat ography resulting in the unexpected renoval of significant anpbunts

f i dual ' b | ly f.easibl
nethod for bt obai 41 SPge MeoPangy 87 e BOSNERA SR CRAAGT M T e

viruses. |n ceal@orirgiiRedirsrents of the current invention, follow ng
sui tabl e processing of the virus in a high ionic strength buffer foll owed

by si excl ysi i { | Qirff .
y si3g ¢ Pﬁfgﬁ&#foﬂf‘@ft R%@@'S/Xru% ﬁ%ogr'ﬁ%dcd?{‘%l%f cati ;Pjélr%echﬁb%la\(é%&%hg 4 100

conposition may be less than 100 pg p m, preferably tween 1
pg per m and fdechmiqeeCatiallof. dbeteleBarhiad@ogy brIGlRyoents, 629-63030¢h vira
conpositions would be anticipated to neet the SFDA standards for residual

DNA cont ent asPerssy $taedhrdinatidiefoCOptiese WhRIRE®608¢iaad J:hibval 6f Sebdtaton
enbodi ments of the present invention an _additional filtration step is

per formed post DY agd Beviecleran diotehs diaieery Fahierived Rahisy &/ageiag t K gna
Lo . . >! O TERP CREOgra) | .
ormosi t on magt fs 14 SnUrElolcol hid'BiceBEindRll Bo1, DU RO S SR M i ¢ the

For m,l|2§1 tionJg egﬂ}iﬁgaql%?lf l§ot(e)1];cyt a%% Immunogenicity Analysis of Vero Cell Culture-derived

Rabies Vaccine: a Comparative Study of Single-step Column Chromatography
and Zonal Centrifuge Purification, Microbes and Infection 7 (2005) 1110-1116
Kumar at. al. 2005

e Chinese Pharmacopeia 2010
30 e  WHO Technical Report Ref. 747 issued in 1987

e US FDA’s Code of Federal Regulations Title 21 part 610.13



specific target nedical products. The overall result of the current

i nvention overcones the limtations of the prior art by providing a

st andar d woaoeessfser the purification of viral conpositiPomELN2hE0759380] ves
the renoval of inpurities and particulfarly the renoval of cellular DNA to

t he maxi num 20 i.bl e .extent, iLLe.retaini the desired antigenic
properties of W@&@FU&FQ %B@,Rvggﬁzglst% 1Bg9§gen used for products suitable
for human nedical use. The invention will be better understood on reading
the detai | ed® d&seapepn iAgenehder tlhn Eyakatigeof rMpdicoal Srodusts Epauiitec FoNo
drawi ngs. DETA P XENBL: NTI ON
30 The presentbhﬁ%@ﬁﬁfggh#g%ﬁgggﬁﬁgggslgégmﬁggg%£%%5$¥§%{§}?%5%? cg to the
fol | owi ng det aidetd ofl RetidnpOLigm folr the Ptaiudti@iTbd Bistegicsl @fd Bloecchnylegichilon and
t he Exanpl es incl uded herein. Throughout this application, where
publ i cations aMedidpdPeegusts surd 7| osures of these publications are
hereby incorporated by reference, in their entireties, into this WO

2012/ 019354 PCTFONEO 1GvidaBe4 for1 dndyspl i C@hdrasteiization dend tquahibeasioni lof yeadlescr i be
the state of art, to which.this invention,pertains. Before the present
invent; on is 1 vehare dsamephEioae® el PRLEH LR reistoRal YEReE R0ent  on
is not |imtedfdrdnfafidisiidcase iaahaddiessedi@sonobed, as such may, of course,
Svary. It is also to be understood that the term nol ogy used herein is for
t he purpose of describing particular enbodi nents only, and is not intended
to be limting, since the scope of the present invention will be [imted
only by the appended cl aildESCRAPEEINQ NN all technical and
scientific terns used herein have the sanme neani ng as conmonly under st ood
by one of ordinary skill in the art to which this 10 invention bel ongs.

Al though any RédtREs ramnds et ekl 8kl 6f Nfurifica®dn RFUWV@kgNtpdefidahps® drscri bed
herein can al so be used in the practice or testing of the present

i nvent i onpukifeation &ff efifuse @i@@lﬁ@fagy galunng en call §ngy endvaarcpgBeylpdy whapa

publi cati . i ej el . i refe C 0

G scl oge. o HELt FPD e B LIS e NEBLRRE BEUh bRbRediont SLEHERROLY whi e
t he publ i paticolagy anerctht ecll subsirhterusipribs Veod eellst hat as used herein and in

t he appended clains, the singular forng "a," : . .
PP In ﬂm subject matter ofs the gpresent mvention tﬁe harvested viral composition contains

not only the target viruses but also DNA, originating from the culture cells, and other
unwanted impurities. When such viruses are produced for medical use, such as the
manufacture of vaccines, it is preferable for them to be as pure as possible i.e. the
20  content of residual DNA and other impurities are reduced to a level where there is no
risk or a minimal clinically acceptable minimal risk of any adverse side effect. As a
minimum the purity of the final virus composition must comply with the appropriate
regulatory standard for both safety and efficacy.
The subject matter of the current invention includes all viruses, particularly viruses of
25  the order mononegavirales and more particularly the family of Rhabdoviridae and even
more particularly rabies viruses. The subject matter of the current invention also
applies in particular to viruses suitable for propagation with continuous cell lines, for
example; rabies, poliomyelitis, hemorrhagic fever, Japanese Encephalitis and the like.
In certain embodiments of the present invention the steps used to harvest exclude the
30 use of nuclease or other substances to lysate the cells of the cell substrate. In further
embodiments of the current invention no chemicals, such as detergents, are used to
precipitate the DNA, which may facilitate the removal of the DNA from solution

containing the target virus. In yet further embodiments of the current invention no



"and," and "the" include plural referents unless the context clearly
dictates otherwi se. Thus, for exanple, reference to "a text" includes a
pl uralitywof2oenmbsstexts and reference to "the segnent” PaglaNten/a7efs8r ence
to one or nore segnents and equi val en8s thereof known to those skilled in
the art, d so forth. ., It js furih not ed, that the clains e

i af ced ¢ STORERAE® A bl By hEmNR RS0y (Rt SeAmeiBiORE Rht ended
to serve agtigdé geedRRf RASH&nt Ghomefs Of DRUCIharedin g iR tibRITeRO! 0gy as
"solely,” "only" and the Iike in connection with the recitation of claim

el enent s, The sulyectanatigr ofdigaauiigat inveriondnglydes bedl juhbtrtensiteble far ygus

"Speci fic” binding.or. "Specifijcally” i ef erss fragnment s
that - havelBOeBeT e8fis RS Fobl Rt TE Spdficte Qe RuRhE b by (AR R0t
t he t as getelvitediscidriinet Wl be s@ltbednghdatnféct@hmtithCthleatardeo Gatub @ndef sditadlevi rus,
on the surface or otherw se, that has enhanced or particul ar binding
affinity eovirecstal genditignsof the DNA fragnent. 30 "Non-specific" binding or
"Non- specif i doy Lo.r gt £S5, L0 ) bound
o the vi Pueorr STuROHGAEDEAECEIALELERE Syt bRt BRSERE AR, 1y

i nt egr at ednddrtthe tdesirad calditjpnamecssary @sedtiratled visig, thavyrapaompoutiar issi t e of

the virus, Certain unjts of asur e.have been used t hroughout .t he .docunent
o | owi nghETED D81 3MIoRNRERENBD S SSs G, R Ha e B BRETS 1 or
abbr eyj at jp r&u%&éﬁ}ﬂs‘ifogféref Hﬂi'stahﬁélli"r%@x‘a&f ﬂ%uﬁ,}}?@d' _fflﬁ?étid?ﬂ. COTRK @18, of B&ch for

nano- grams, " mlli-litérs and "1" for liters. Overview of the
| nvent i ont®Thigugr esentllyi mheroni the ¢ifkene physcal woparties pt shd tamgasf vinisr 2

conpositians preferahly under, sterile conditions, in particular, the renoval
of T pur i £0aERSH o e PR PR GRPE S B e el ot s DBl ¢ he
cel |l substslatien.used in the propagation of the virus. By renpval of such
inpurities the resulting virus conposition may be suitable for use in

nedi cal appraresst ¢astaEn rgsgtuabeabipiubstidie IINddidcthicovirwst sefaqt nustiqubgtlyhthean or
ani mal, . us . i i v ine! hplL ent -yndue ri sk
assocﬂ%tegnﬁﬂéggﬁyggggﬁﬁgéggzgQ%?EQS%}?%%?%ﬁgggggfgﬁggmjpﬁﬁﬂghy impurities
i n parti cThaeffedaqufrthd bdingrafSningbéthvecpthesesideal INA aad dirat paiNaleh hagrmnt s

fromthe host cell culture used in the propagation of the target virus. The

subj ect mATEhsF Cemppwﬁesrcﬁ%@attﬁ? KORGPOITBIOTY @f) gree%mtSopaéﬂﬁ%é%C@gsef g\e Phée
urificati I [ T g 0S ctive

p b5 Rbomd glil%’ls‘ll{aﬁgl tl%gg%}g&gaﬂgﬂ%]? #é}@éatloﬁ%ﬂ kieSvitdd dahtf1&0S Onl Hif

recovery of “commer y Vi es  of immunogenic virus particles
wi t h exceDNhis bamidtSpectimnplhe e Nosispesficalipktortye vhiis ometlrodok egiragsdeyi al | y

useful for the preparation of di cinal .products for human, us uch as
vacci Abs. “HTESETIAN RIS oFe v UL Rridn R G SR DT AR o

puri fyi ngaMibebsimesd@laRElY ligdfRetivd 4% PRAEAsTY SFicichiMerd RSN the IDNENti on rel ates
to methods of purifying virus particles that conprises renoving all or sone
of the redhdpasemNAveniivnrfurtherstelagascth aaproDia for pgiesthe reswltingshareestdds used
to propagate the target virus, froamthe virus,partjcles,b nulti-step
orocess chimsctlet S fgriahRa byl b ereRontb LR b fraf e taeyliRe slenfi o h o

hi gh i oni ¢laifiogesnt dfahd Oiﬂuﬁcs&ﬂdtib\ﬁ,e?r Hitradiof i eufedve Qe @bdtisSindipattoMabduel t he
25DNA inpurities. A related enbodi nent of the present invention describes a
met hods of rsisfuiet PNAyfromrthe cpld sebisépies an pigp paceicenirde the pwifidegattoilewgbnt i on
relates t t ifyvin [: i t hat i i ng al
o soms of . P drflr G Satlibe P Rirht B el R TR SR

cel | s usethactvpioapagatvcidbe thamgeicsted vitsis i§ ramictddeinuctimnesby 3@atpamt mdthes by a
mul ti-step, process characterized b§Pinq$@§in&Ethe virus particles in a

buf fer wi FRBCHS GROSRPTECEHKBRNE (A tioEhs K btd ‘Bikthy a size excl usion

chr omat ogm@PhYraf kER1LR af Qﬁ‘f@vs?agter@f B TR bRRess! gen%ra‘-‘l%!;thl Eochigra
rel ated enbodi nent of the present 1 nvention describes a nethod of purifying
vi r us 3par vomdcesatidnrofpasidiuat INA fronhihe pekk setstraicniuentdsonf 1) pg pe mip theetshods of
WO 2012/0%?354PCT/CN2010/07 94

¢ viral Composition wou no% be anticipated to meet the Chinese FDA guidelines for
the maximum concentration of DNA content suitable for human use as set out in the
Chinese Pharmacopeia 2010.

The present invention is exemplified by the inclusion of two additional important steps



12 purifying virus particles that conprises renoving all or some of the
residual DNA inpurities, such as DNA fragnents from host cells used to

pr opagat evohel12dm@pipet virus, fromthe virus particles byPaTmN20i0/85%p
process characterized by innersing the virus particles in a buffer with a

hi gh ionic¢c concentration fol d inactiyation of the 5 r Vi rus

b Toned B T8 PSEREY R BPesS nPERabe SR oL SRt Taimirad shRpRon

i mpuritieg. hlgm ichic algh islepﬁ%h $af) 8618H0e TR AER} siRf-ck1BsiPh RBRMatddR It | ON

describes a nethod of purifying virus particles. In particular, the present

i nvent i onreseltiaged the Wh@ﬁ]@d o¢meyal i afysigrjfioant Lungymts o€ |r@3dua|hd?Néorﬂpm ses

peroy g Bl SOl b P L8R MR elofS oy Baftf; TG,
ragnents rom OSt use ropa arget Vi , O he

virus par t:omhesclda)graaierthhmnestoefmlghﬂ;op@sﬁedc\hﬁrses:t erized by i mersing the
virus particles in_a buffer with a high ionic concentration followed by
i nact i vat |hb ﬁe%afm eAbodanggét of, they@iriegt MyRairh foldewie suitle ingerceind phtsgr aphy

step to re [ p@gﬁ

Speci fi cal pg%%l& ggg%%t% |bggflewgoueﬁdﬁ}?§t 12151? gi%g%ﬁagégﬁghy The ionic
strength c‘m‘NAo utbrfoentra;tﬂjnuif tbmvmwcdmmodﬂtoamaynlmdleﬁsrmam b0 hg ped al, pcccfamab}yt ration
and charge nunbers of | the ions, presen t.he solution.._ The ionic

2t engt h Bt oo Mtk e B P i oo TSk HEGV N L0 P 50 0Aes Blc, | s
the mp)ar Sﬁé}mﬁﬂtdo%{ﬁo%loﬁi w'oﬁl%i be &Mﬁpa@é@t%)mee% thd §Flbhestaﬁlfa@fcﬁ%ﬁfé'§iaﬁﬁl of

that ion, and the sumis taken over all ions in the solution. Generally a
1:1 el ect W@E@tstlt@hda@ﬂhamth@l‘fdalne@@Phal’stach*OhOs equal to its nolar

concentratl on € ions,contribute onj ¢ strength
T the someroatehBoltidhln B Ph bRt cRlitiaR b BRIkl HBRdORPo R 1 6
MySO4 i's beusmiddnBsst tthabkizefexMasbn oﬁédrﬂatsgﬁp@ o esrhowl BNt paheupit@sent

i nvention, the ionic strength of the buffer which is used to wash the virus
parti cl esPHEF do eusle dheexans dPbinedicabnitpieaphy The prodfeomerijiopelaedi® 0.5 t o
5.0 liy..b S bet ween
o8 1401, TFeftiRl SRR EhUSEL Sitied oty AP ToAu Rt co B Ak B O T 1Y
be sel ect ggkcifioErg@nmedicalpreducd 2012/ 019354PCT/ CN2010/ 075948 13 (+)ssRNA

Vi ruses, ) SSRNA vi ruse SSRNA- RT viruses or dsDNA-RT viruses certain
enmbodi rren'Er & GroTe TSRS GHTEHAFRHOR OYFFeMELhS oS Pfﬁlﬁmm% afrRyer
nmononegav @f&hd’aﬁ a QanBi81 RO YorlREpEAREABY bF LAAGABHKns Hat [RER PHRS er abl y
the |l yssavirus enus or ‘even nore %refera l'y the rabies species of virus

ei ther a winhaval pﬁempurlnd{s anddpa‘medarﬂﬁﬁlea@rmvahsf caikulardDNApuoemermabdimumer tain

types rabi.es virus ns i ncl udi but. not ljimt

e 20y rPRpfiE ot Syl iing S eurml amepohisronsr i arahy o s dheC us sed
hereln.thﬁl%TMtﬁ@@wﬁéﬁMﬁﬁU@hmﬁdﬁnﬁ&k@&@ﬁnﬁﬂﬂﬁ&h&ﬁ@&§ of the current

i nvention t virus may be an envelope virus or a retro virus. 10The

subj ect ndhe ervention wel babatientndaisteed poreading shagyibii adgleperinsimntthas doldows. o
viruses suitable for propagation with continuous cell |ines, for exanple;
rabi es, polionyelitis, henorrhagic fever, Japanese Encephalitis and the
like. The sel ected virus i DdstriptiopbpPprgabesi n a host cell |ine wherein
the cell line nmay be derived froma primary cell lines, a diploid cel

line, 2& h&oekdWingsd cell line or a 15 continuous- cel | -1ine.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

30  The present invention may be understood more readily by reference to the following
detailed description of certain embodiments of the invention and the Examples included
herein.

Throughout this application, where publications are referenced, the disclosures of these

publications are hereby incorporated by reference, in their entireties, into this



In certain enbodi nents of the invention the preferred cell |ine wiuld be a

continuous cell line. The continuous cell line my be selected from but
not |im two 20/0103%¢ of the follow ng cell |ines; PER C6PCHN2803758B8K, CHO,
Vero and MDCK. Techni ques for th® selection of an appropriate cell

i f t he. pr. ti f t.jcul [ I, K t
cki 11 od i APISRUGE &% rrdtaopimaft flbi BEERAY Yedalopt SrhEv R o Pitus  cel 1

line and peignpreferable that the source of the cultured cells originate

froma mammal , nost likely froma prinmate and especially a non-human
primate. Refasgdhplnesgne anentipmds tfhakerndgsenlecdysieds ftorber Hedgsstephdbati Bt of t he
CTN rabi es. virus.is the. Vero I ) Vi rus..producti on process
cnoun 1 RGO Tt el mE R lar, R SRR Y BT Eh R sbBet

pref er abl yagonttiinuBu3o 6eluhddrbtoes than then@inginplog§ @sabhotcias toraré perposmyf be

used to generate a virus infected host cell culture. The cell culture is to
be subj ecteyribyapasatian emrdimgpfs paly ¢ad ds netimtendsd ite beimiaey 8i9es &5t i on
under condid{. diql 1ed: | t Ximze the
amount of 1o PhEt e AR S by Py A er b R M

puri fi cat Umbessrethodiobtbgyvied, atlhechmicas emd séienteint feoms uddelt imoels hafe del danceul t ur e
are known in the art, far exanple, K U S. Pat.. No. 6,194 191 | ncorporated

her ei n | nPICRINE s Famonty WRRIROT.0Y @l &l W5finai] Il D b &t lcRRIGULE ¢ hat
may be) adaptpGod Bgaﬁdg@. I WthbRglY hfyHSeMds §8] hakbhlsWiiliir&ghivakit foih8sd O
optim ze virus yield. After an dppropriate tinme for culturing the

vi rus-i nf detcalieg bt andilsodys usedtin dre phcticher Woting 02 (G988 POTLANDO 1167 075948
14 virus, the virus iis harvested by technigues,.kn .0 those skilled in
the art 1 AErAP e ol RLE fredtet FEERELC o B BalGha BT Hod hirg ™ ne
cells in wheimsldorfitd théfeen Wyt Refereftemd GalclosBUgldeaseripg thd hesth@BUAMBoENt
agent. In other enbodinents the virus is collected purely fromthe cell

cul ture s awpNncken path) vehiglh thepablieqtiong giietcifed woul d 5 only be |ysated
naturally ' T ' [ el at jrents the
vir usq%ray I%gﬁér@rg\?tgts}t% etﬁétfagglrsr% (fﬁéer%lcza\%ﬁq@gﬁ%&gﬁ%&p‘%}ﬁ%t %%tsgl%ﬁgdg? &%Sn't%w ce, or
three or fad;; awt “thcVeéenodudenfluel tdfamenfsi undest ithesontdn oteiklyadictaesbddir-widat s of

the present invention the steps used to harvest the_ virus excl ufge t he use
of nucl ead8UbrOHPHEI|S iBSTART &5 4 5% JasludesiePlUEs ObuchHexty ard reBRis at e.
10 In T urt16ihe SBAALY TERI 4R rofoREcE U ofBlor IE LA DAnE REVERKS thettisih_as
detergents, are used to precipitate the DNA that nay facilitate the renoval
of the DNAndwome Swbeskiled ootheairtnand)se fetht ardgstfustherumted that/thie dlaims mery

enbodi pents of . the current inventjon no chemcals .are used .to degrade the
DAt Fbr oBy PG €p BPigal RBTSR” v Mot gt SR S (GRah: o

bei ng frageRaLs abcddby BRAtof BicBdMudh tUAGIHIORBIMRENS: as ‘b8lckhre dr@puddd ng
live virus is retained in a suitable buffer. In addition to the 'harvested
virus, théhebliks ar cemiegtipmvidothcaicaisatioar efa¢lainy wlgarenesd or et dé a eeagativelg from
t he manuf ?%fit‘é{iir?g process. In general the unwanted residue consists of cell
debris and 1n particular residual DNA that is, fragnents of nucleic acid
fromthe cell substrate. After harvesting, the buffer solution containing
the virus may undergo clarification, that 20 is, one or nore process steps
to rerbdvelEERitiRsSfilsrnd/ or nucleic acid in the buffer. This clarification
process peQyi 3 ef f ecil » i IR I ris
suspended ?%écffﬁée @Eﬁhﬁ ro(?stgtp%ét??%g’ %@HQ%@{C:‘%@?@? JI&On \ggeﬁlgsgglghg%%cl udi ng
filtrati obecameisofatddt fir@hitbe celbsubshaemmtd dgsaiphith alndDNzeof thikeargahvieds @r ovi des
afiltrate_ of suitable clarity wll be_acceptable to practice wthin the
present i AERYISOROUBSHYE PEHEHAT lpsationnpf e it P e RiRSROr SO HVSI Vel ¢ he

filtrati 0Bas°$nh5ﬁ'@ed%£pfa§fcu%? BiAIY HEnih® *E StcetRBIOF ﬁﬁAtfpaaghi%ﬁpve

inmpurities particula those 1 m suspension or precipitate ‘the buffer

sol ut Bon. “Nectpéaffudsbifiding for I“NoatspeonfigfllyVibousd pa¥A helcasrciere tvBINA Kabwn t o

one skilled in the art. ‘The .choice pof filtration proces id . _bg a function
T part oft cREepIaE Aty & L dir 4fomehedtisondt aPiPESED Py Bu et e

Vi rus par bbgdtieslly thtdifate@tatingd. vicih@enothe RELABHFiSEd ittt a‘%k patcERt §ino | |
optim ze the balance between renoving the unwanted residual particles while
mai nt ai ni d§ drWwsi gh viral yield that retains the antigenicity of the virus
in a cost ctive nner uitable fil S tigdi e | ose  filters,
regeneratggh%glw%fbgg%?l%g?sﬁngeﬁ%h 8%@'hﬁ@3$§%%g#%ﬁﬂééﬁﬁﬁfﬁhgﬁﬁl g%ic
filter aids, cellulose fibers conbined with inorganic filter aids and
organic resins, or any WD 2012/ 019354PCT/ CN2010/ 075948 15 conbi nati on

t hereof, and polyneric filters or the like. In general, a multiple stage
process is preferable but not required. An exenplary process would be the
two stage filtration of the viral solution using first a suitable filter

o o s o o o " o a - e o " - ~ o~ "



I n one enbodi nent of the present invention the viral content nmay be
concentrated by ultrafiltration. An exenplary process would be

ultrafil twatzommwiesing a filter mnediumwith a pore size RBPTIN2003)7k44B0

Dal tons, or up to 200 kilo Daltons, orl up to 300 kilo 15 Daltons, or up to
400 kil o Dal tons or 0 Daltogs t 0. pr.oduce .a viral 50I,,u |on W th

500, ki |
a concent PAPTBR G a?tg‘?i‘tse fot Rfreygtion nes, R atdr TRRESRS iMes, ©

greater tBaBR-g2dmt, “UES forMan§HaRahe F'mi’he nAfli- ﬁﬂefgaﬁld “Qr fogligad.er than 50 tl mes,
or greater than 60 tines, or greater than 70 tines, or greater than 80

times, or greater than 90 tinmes, or greater than 100 tinmes, or greater than
110 tines Blidh g ?m&m@ﬁam}zo times the original supernatant. 20 In
certain empodi nen current invention the resulting viral

super nat ahe ipsestiteinvaraivheadlatcl @6 iy sitEkeafion ofvaisdli ddgnpokitiahs priferhblonsdar e
known by one skilled in the art. An exenplary process would be to wash the
viral sup&ichkr senditipise i pagtiguias th%lrerflwaé@ftmw@glﬂe% apéhpore pascwhl thee ti mes
or six Ui PBSo\ of Pd&fha b'N%s? froftl tHe QMNtsubbtBRS uMd Rl AE rp}(%ﬂggétlonoéf fhgNiduk MeS, or
el even tines, or twelve tines, or thirteen tines, rteen tinmes, or 25
fifteen t Bny&smmmallmf am:lﬁqthtws:)lha mesultthgubius cbim@osmd)mnmy be suipdbde fdnaswml une,
quadruple t he vol " e tine i X tines the volu or seven.tinmes the
moture omedightPricri HE OGP REon Pt 1 JRHE O GBI s
the vg) Um?wth@ﬁt @ﬂp%kﬁ%g thé %&déﬁ'@rééf-ﬂlémo Rud Wek USsobiafRiSuldaGiratdd HiRorscOT
thirteen tinmes the volune, or fourteen tines the volunme, or fifteen tines

t he vol urreldgfeffPBs; agfoctateal wﬁh @ﬁy UPpLics, mmartwplatr om@yriags arpingothg pr@lencwp to

30 7.1, to 7.5
76, or ubr t0ioh D HygHRpbdrdin s Hy Ry’ Gude’ype iy B ot S W
sol ution efrghivihsi oni c strengt h achi eved using salt concentration of up to

0.5M or up to 0.6M or up to 0.7M or up to 0.8M or up to 0.9M or up to
1M or up The subjey mefiergf the presom| inyntigp relstes ta g pregesy fort e purilicatim ¢fp t o

1.5M ,or t 7 up to
M o oo B SNl nitPibBigin M ik ?@eé&%@#@(’ B ggmh%“g’a@vk/}a%%r up to
3.5M or ypariticd b iramubiPzdnic dink\particlopwith e&%lﬂ/dnepemy dhaeacsadsticss adakingon may
conpri se ny conbi nati on of the n catians, +, Al3+, Ca2+,
My2+, NH4 1%1H@tfk9éﬁf$6ﬁ CHRFCHAY use@f ?%T{Re pieppption ef:@gshfmal p@gﬁﬁt@ for husesa 3 |

v SR as vAddRRE) 2-, (H2PO4) -, nore specifically conpri se Na2SO4,
(NH4) 2SO4, Naz2HPO4, NaCl or KCl , and nost specifically conprise NaCl. In
rel at ed efmodéembottisment of Hbe qrm@seentin\'rmﬁemtdewihebea mathdd 961 ptrifpimgi sirdshen
washed further in a | ow sa t buff An exe ess. wouyl d be to wash
the vof ol PidElsnit JaRBEts ML div o HERES: forelUBRS rE Mty ot | ve
times or $hpclek TR BMpSiSKERovBSall 8F sdhIbt th"e'r@ﬁéué?'DN'A']ﬁlphhﬁ&S sudf agt €N
times, or eleven tines, or twelve tinmes, or thirteen tinmes, 10 fourteen
times, or DNA tieagmentsmiemahest @Hs euqarélto \obpagete theutorast tm@s,v&bunrréle Yirespl e t he
vol ume, qug Pgee érr‘x?ule{oh o 'Vg TR ?ﬂiéx 1%n'm”e‘%‘%nt D& VRl NEQes SEYEN
tinmes thepvollctf Yo e| i RPHE: TREVOrthe” TR GEEly REUGSS die
ten tinesbhffer with biish iOhiceby@RratibmBlotvae byal &fﬁﬁnat@grapuyeml@td fefRSe uﬁe
volune, or_thirteen tinmes the volunme, or fourteen tines the volune, or
fifteéh tDYSIMPEINESI ume of PBS with a pH of up to 5, or 15 up to 6, or up
to 7, or up o 7.5,
or up to %‘.%Tlaq%(?e%%oggley?# ﬁloerprgﬁse(M OMB? g&l ae&nbgga%i)et%& & 6ur1§’{n gr%r up to
9 with a paﬂtlbles.OItC@lattrcatair Oﬁl@O}ﬁreSEmt tiovdhtidivl rehﬂtesu'@ tnetHodR Mf pl[rlfymgt ori. 3M or
up to 0.4M or up to 0.5M or up to 0.6M M. or .up to 0.8M or
up to 0. oRprtgles ﬁ]battCBmPN‘P%’FéFD@Vngt Hbosarme gﬁihatrp%ﬁu%g%ﬂédwwggﬂ APRp as
conbi nat i @N&ffreﬁgﬂfen%ofmﬁlnh&s"{‘tdeﬁg'%se@go ﬂ}@%té%%ﬂhept% 5t vills, Cﬁfgfh tﬂgggﬁl'us
NH4+, and conmon “ani ons, eg. (OH-, ( ) 2-, (POX) 3-, COX3) -
(1-1 S@l) pat(tllelEG)@yza mt(l&m%@pros:esnmheraswemd by amlnyarmmgrplna sEuNa@E0Ls in a
(NH4) 2504 or speC| f| onprise,Na
further  r BARSH Sk bist e cen e GHEBERPS RRFE oo} (PSR TS mo
be conbi nedrepidvb tid BN igihutigBd ¢ concentration solution prior to the
ultrafiltration gl ocess 25 as described above. In such enbodi nents of the
present i AventtillofurthRe refated smbagingnt wdshe gresentoinmientignséespiibdst4 exthod ethe
presence Qf sol ut erel 0 o] oni
strength g“ﬁ'c’% g’\{/hel%j%t%}stfc%egs shgl a%(lz%lncén g{els%}ﬁ 1?)1 &ﬁ}o pelagé%kﬂ %%tﬁou fo 0. 6M
or up to 0.7M or up to 0.8M or up to 0.9M or uptolM or uptolll\/l or
up to 1.2M or upto 1.3M or upto 1.4M or up to 1.5M or up to 1.6M or
up to 1.7M or 30 up to 1.8M or up to 1.9M or up to 2M or up to 2.5M or
up to 3M or up to 3.5M or up to 4M or up to 4.5Mor up to 5Mwherein the
salt sol ut| on may corrprl se any conbl nat| on of the common cati ons, eg. Na+,

A A~ o ~a N\ AM\A

or



In certain enbodi nents of the cun-ent invention the resulting inactivated
viral solution 10 is then washed. Techni ques for washing viral solutions
are knowwbyorraosski |l ed in the art. An exenplary procePsTWOZDO/IE480 wash
the viral supernatant once or twice, @ three tinmes or four times or five
times or six.times or seven,tines, .or eight tipes or ni times ten
times, or PABYML VETHBETES oot Qb ehasOgpec i Pt sdietfbe, <8i diNecen
times, or ihphdtRENsuchMBSDMNAL fRaghicn@fIEa MRt BaB, usd@ubpeofabe RE tiFBot Vifukpl € the
vol ume, quadruple 15 the volune, five tinmes six tines the volune or seven
ti mes thefipsl theeyirusrpastigden by iarmsltitsiep peicessecheractsriaed by nmenaryies sl vikes, or
ten tines Q ar ven, t.ipes the | 10 wel ve 1 e

vol ume, oPgn!t?]lgl}e\rgtlléleJdl rqg?flfeﬁevg% ﬁaeﬁlggllaﬁ,coége%t%ﬁﬁg@rllovﬁdnég lﬁ%cgwé%ﬁﬁg?ﬁ%or
fifteepn tidgs Vihg folowrsd bf sPBScwldsiora chtdn@fogdtfptyostdp tOr reufpvt0th6, DSA up to
7, or upto 7.1, or upto 7.2 or upto 7.3, or up to 7.4, or up to 7.5, or
up to 7.6MBYIYES.- to 7.7, 20 or up to 7.8, or up to 7.9, or up to 8 or up
to 9 withya,50)kicam Rlaky Yhvb@Richt DETRIGERACRIGHRI dSbMkse SRltod of
concentraf?gn g# ﬁb tgﬁ%&%%lbg@’fb ?o %?gﬁﬁeor 3%l§b %sggﬁsorﬁ%pcpd)o.BM
or up to PuSfingwvirup padicldy] lorpavgcuay, thel ptesart mpertonlre?gs or mgphdds df 3M  or
up to 1.4M .or up.to 1.5 r up to 1.6M or to 1.7 or upt A8M or
Wb to 1 oRpriBingSirks raielss, Bitptepresigemyy Rl ot ShFe ' e et RN or up
to 4Mjgor ipudiRsAsrM RDNR frfhmeds BMVRRL 8L §RE 5 %h}&)agé’tle Uhé QRedFBNrySONPri se
any conbination of the common cations, cg. Na+, K+ Al3+, Ca2+, M2+,

NHA+, and &iormthe anisarsticlegby @ mylti¢sGi) proc¢e@Bpmcterig@Dy Ammef sy fiB- yirgsHCOB) -,

(HS™) -, (HPOA) 2-, PO)-, pore specificall rj se .Na2S HA4) 2S04,
Neorp0a, REE e TR oo, FRb SRR i TR RERESEap LIS
enbodi mentggaf vitie fdlodeanby isméeatd@iod RBroviatedrat9! tep aB fetnoverthbepNpuri fi ed
usi ng a chromat ogr aphi ¢ process. Technigues for chromat ography are well
known to {HBYEiesRhdral the DNk fragments gren SpreifiGadly| ane/os Misodsneeificalb beynd
current igy&@&%ﬁ&\Egg.yiral solution resulting fromthe virus inactivation
process is fu er purified by neans of size-exclusion WO

20127 0193 34 LI DRI FARIP st STLATRL BAEARAYY fb R froflf Chii&hBlkion

chr omat ography nholecul es "are” separ a according to size 1n a bed packed
W th an i aed thapgd eusboreot Almhcesaeesthl v thasdlingirt Tyeloniestiangth, Wih@hbd s
preferably a conposite of cross-linked polysaccharides, e.g., cross-Ilinked
agar osc afdculgtedagingdpllowing fmiud:m of spherical beads. Ml ecul es | ar ger
than the |largest pores in the swollen gel beads do not enter the gel beads
and therefore mdie through the chronatographic bed fastest. Smaller
nnleculesj”mhﬁc enter the gel beads to varying extent depending on their
size and shapé“re retarded in their passage through the bed. Mol ecul es
are thus generally eluted in the order of decreasing nol ecul ar size.
Viruses, 1l0because of their |arge size, genegally elute in the void vol une

wher e3$ t Hdcigrndhe moldnsansaniradon pijen i el uk zindtheighiee aymber efbaty esi dual
DNA frag t : . . I

trapped i T RaumIS LBEh by ASbhehih Qi RS T PR BRPEART & o
properti eNagi,ghdenher siiengtdh ibyquahe ixeadlas caeentBativinl ehilb emdisvalangionse hi gher
pressure to a%tain equi val ent fl mziH a .col unn. Fbm?v r, the %ggil'brium
15 adsor bFARYIEUHAIE P 1hS 1ofE S 2P IBYOR Her Bamd s FdonREFEoPE, t he
static cappei:b ¥caRdlytd¥eEOOW BLORAES theSofNacdihe materials are not
necessarily coupled or interdependent. However, because nost of the
capacity is accessed through diffusion, the dynam c bindi ng capacity
(capad? t y It serigis erghRdiment /f iherpigecnainvanden, dhe iphiswwirengte pf the Rugfspraihid ¢ he
bead si ze : i : [ adsor bent .
2085 ¢ he. Baade s o A P R S G PR e Ss B  riet

di f fuse i bttevebh®.5porsdsmol/Li hererediiceablyobdiecaa@tus 20, mollleaspmest and capacity

of the systemare diffusio I imted There arc two diffusional
Iinitatioﬁggaﬁﬁgﬁfﬂﬁ?ﬁEﬁggﬁgéWﬁ%tbead where a filmof material may form and
i nhi bit novement of the selected nolecule to the surface of the bead and a
second internal diffusional resistance which is determ ned by the size, 25
nunmber, ang, l.eRah nfodientPOF 8Re LRARGh i R&s ReRbeSWIdateroMdghd bea! | Y,

the perneability of the nedia is related to bead size (which can vary

wi del y) asollgating awirdl helapsii¢ations; ads DNy virusgsgessDbadarimesd s wiruses| ar ger
pores tend to have higher perneability. Beads that are not subject to or

| ess subject to conpression (by the weight of the beads above them coupl ed
with the pressure under which the fluid flows through 30the bed) al so tend
to have greater perneability. However, at high flow rates, perneability
does decrease and dynam c capacity al so decreases. It is preferred that the

. o . T T



sufficient wall or solid material within it to provide the structural
integrity and high porosity and fl ow The bead sizes nmay vary from about 100
t o about wWOQorwpeizas, or WO 2012/ 019354PCT/ CN2010/ 07594@CTEN2075439ut 50
to 150 mcrons, or fromabout 20 to aBBout 80 mcrons or fromabout 10 to 40

m crons, ing upon. t fluid a constit t . that.is desired to be
ot ore TERTA AR R B AR, SIONATIT SRARS R A E i doei T od ria
froma compesiiinmsfdimbrtyofPAE tihGdreidni the &vikf VBT b8 Qelétic@Nfroth@epti@s of

t he substrate should be sufficiently |large 5 enough to all ow good
per neabi | moylomgamrglns,f powrelarably e trhabderisidac tflamlygier t merenweiferablynéebuf f er

wth o pr DR BT AR B BRI By SO TR B B AR N EREE &' ana
mor e psef eroaliﬂeyi ﬂaeﬂeyveﬁ-ﬁs @b aniire ﬁreaﬂdblg cefnia tepésaﬂlrmm& viafs drfatspndséing,

invention further relates to incorporation of an 10 additional downstream
cl ari fi cabropetgibiteks e, PhArabigcyiged VorBIes Vs REd 36 N EchBlarpiRties Yeps in

any reasoﬁﬂﬁ{e?dfs@ﬁg%&‘ﬂérbfﬂ%e PNt LBkl Qs Ul trafiltration or chronat ography

to as a final opportunity to renove any remaining inpurities. An exerrpl ary
process whutahttkembedifrichtsroditheocureht tolventidnrtht veo$ oy ba anshngoge firdsteera wi t h

pore size less than 0.25 mcrons, or less than 0.50 mcrons, or |ess than

0.75 nicr &€ VIgE- 1 es than 1.0 microns. 15 The processes of the present

i nventj onTAE Quise@! bl of fiRMurRRr RRBLILSAY Sp iRt in Eé’ﬂtl%ﬁlﬁﬁﬁ) HRustQ s RBIEr ci al

scal e manufacturing. The present invention thus relates to nethodol ogy for
t he puri f foatprepgefon arvige- gogineoyr edilictinen ©f commbe.ciralitsy polaheelisisount s

of highly ur| ied.virus. Wiere the term"large scale" used herein is

consi der eH PRI vsh ﬁl?f’?&g?se%cleple%t?ﬂ?@l\%%ﬁnes of greater than about 100
liters upThe salberdll vaud @O fikdtt Opilgaﬁéﬁtlﬂ a223t eéleline dvHeadis hhaedntihé hRy Ber OM
about I 00 liters to about l'iters. Techniques to neasure the residual
DNA i n théeIFYeﬁiaﬁongerlWa?eél lieess akAplmd tesllt Fesser SRterapéidiaell e aF 2. The
prefented dis the Dot-blot Hybridization Test as specified in
t he ChjfC neg{)er'Iat gy%@%gfz?a 2010. Methods to test the antigen content and

i mmnogenlhc béryainenbbdiadenpadt the liesendoe tied prefaneddl ceknmsnwéwd tlieaseomsikubised i n
the art. %l(f 25 preferred teshimto rreasure ntigen con[ent and

i munogenfelt 19 potherraptianeuseel dine pry g 19l (Binghlimitad {Q-wge 0E RS ng)
r espect [ velikw iRt AL&: PERIS, NIHOFA S, BHOR G0 Va8 apFiipaReopel a 2010, 1t
will be evident“to the artisan that the measure of the residual host cell

DNA cont edtchngqueetfonehntselstian loif rant approprige «df limé fgr fleapupagafont bf o1
| nst ead data in exanpl es support the essence of

met hodol ogy. e

t he pg@seﬁ%lﬁﬁcﬁl%ﬂwsoﬁewgﬁ Pﬁ@t%{?’éﬁ ‘g“ﬁr?ﬁlﬂgﬁ%%gy for the generation of
virus pariig |p?§fe1tahﬁt theedb bR 1in8 R DécHindoRUEdI iRdarlr REKChrefdi@lc PRY thRe
utilized in clinical and conmercial settings. It can be noted that the

i mpor t anceowfe aﬁﬂleeqnltn@dp@flls iogiginate DA 4 wasingal mostikety fram  puthatst ards
product - speci f | roduct,[ oduce u5| g%g%l nuous ceId fJol nes for

e ent er ab el FREERITHRIE o P SGRR D S S Thi MY e

2012/01935@6@&@{2@1&1@Tﬁ%&egﬁrﬁlgm@%b cplurity standards but, even in
that case, the goals nmay vary from 100 pg.per dose up to 10 ng per dose

( \A\Ho %gumwmr@am yirug predugiongrroggss kpewick] the aafswhlwthaprbs adppiad FOakaéee f or
P
50y, w0 TelpEICey Lo RRLE, SERHMORTED el Bl mb AhARYy PUBRACGRS, V.,

to be 5adpusised tdegmeﬂuteng oifust rfeqed diostt cdl icoltureat iTha. ceilncuidﬁlda tis ao, bef or

vi rus-based .products such as vacci nes dosi_.ng may v over, sever.al

orders- of § ﬂﬂ%ﬁ?c{j R B quelr%orsﬂee. eplic %wanm%aﬂ% itigys

achi evi nggga,wReG ioht %kﬂl%é'nqlﬂﬁé atPNG ds%%e%xﬂ?ﬁieoéﬂeaa%un’t Bf E‘Eﬁﬁa?ceﬁﬂﬁ’r' hrﬁf?‘&' ons,
variations around that level fromlot-to-lot are not likely t

cons eqmenextaacellalefr hiewse fartbs pasficaoibe dnciivalpbgyidf theprpsoaf arvercbnt ha\ﬂethh@ rabi es
pr epar ati ops ,of resent on _hav i 0 [ city. of

Phan 25 SUralbsutdf aROFRRd: inhy 56 LR Ra RS BT d L inpr

resi dual Rhegtn meitd e@h«l& |ﬁf%eide§h rbﬁe&toflceﬁscultb@rteakﬁums Rt rB85Es a&hrpted
preferably | ess than 1 per dose. The above disclosure generally

descri bes ﬁpﬁelerségeﬁvs md,@e&ltqwbtnre el gnlwrerte optivigavitonyicks will be better
under st oo t n in th rocess
for the p%r?%[l cat n%& {}1%?u@ggul?qu%Nheq]lﬁlé%ﬁ%d%grcg lﬁg‘gﬁg?. 3 ﬁ’on Ft}p for

t he purposes of |IIustrat|ng and are not |ntended tolimt the scope of the
i nvention. Changes in formand substitution of equivalents arc contenpl at ed
as circunstances may suggest or render expedient. Although specific terns
have been enpl oyed herein,



20such terns are intended in a descriptive sense and not for the purposes

of limtation. Exanple Determ nation of the Residual DNA Content Before and
After Purwbizemtdiigss4Exanple | - O d Process Wthout H ghPCoriN20@axissstrati on
Buf f er This exanple illustrates how the residual DNA content of a rabies

virus solution is. not, 25reduce en t urifica oes, not
el e Sl TinBob pARESED RS Seahides BBty dipgria B R EERTS Gy
buffer. ThabedibhchBbihgSviMis'i coNe&ed Ukttt [}@Qtlﬂgnth\éeéeq)ls Gelths cwil tclﬂltﬁﬂ%ewlth\ée
rabi es virus harvested fromthe supernatant i.e. w thout use of a nucl ease.

The vi ral chupierlnamalsesonas othqrsqquew it fagewt. t dn rathery embedimenial thonwrysn is
Suspensi O?ol Oe%?e‘?i ]{)qu]gott @% thé ¥ Rm%ssu YenPahd c& e§f ARG uEltruge?wloPr Ltion,

concentra e orl a concentra I on b

washedsi noalyl My%téd n&onde rattmag tmlhlsfréplﬁcaheiﬁ prechei I]@rélﬁl@dfbﬁﬁbhl‘ynents
I nactivated with f3-p rop| ol actone. The antigen content and_ residual DNA
were meas tietitustmahbe hyyesied frammhe selhquiig stapataniongeqriwdres; A tiee Thi nese

Phar macopel g SO &$65e iRl clinkgl ow . The viral solution was then subject
(o Si 26 orot G drpidre U ography “usi ng 4FF WD 2012/ 019354PCT/ CN2010/ 075948

21 Sephar s ecrt@di anmhodﬁhmta f ithe prasemtt @mtntandthe esipd uaskd DhAhawese theeasusr ed at
this point tests as I ned i Chi nese, Ph 0 eia 2010

S st an ef c
(hee Dobl exelaionsd SALcAsE b CubE siSatEn Bttt e P S L RS rReL s Coal

assesgienty @friHcPnABHINISR SOMEIcANEVERRINGHALh NIV ueh %%@t&tg%ﬂtsahret hi s
poi nt using standard tests as defined in the 5Chi nese Pharmacopei a 2010

(see tabl esdl togiroupitatT e Bbdvhapmey é@mh@temg repedoédha BMemeMumnt h

diff b h f h b 1. A DNA  .Con f
e R B N

concent r ath@ficig Sdé N@ed Mo Megrade the DNA thereby reducing the size of the DNA to
mitigate the risk of there being fragments of DNA that retain a functional gene.

15  The resulting live virus is retained in a suitable buffer. In addition to the harvested
virus, the buffer solution contains certain unwanted reside resulting from the
manufacturing process. In general the unwanted residue consists of cell debris and in
particular residual DNA that is, fragments of nucleic acid from the cell substrate.

After harvesting, the buffer solution containing the virus may undergo clarification, that

20  is, one or more process steps to remove cell debris and/or nucleic acid in the buffer. This
clarification process provides an effective and economically means remove cell debris
suspended in the buffer solution. Any such clarification approach including filtration,
microfiltration, or chromatography and the like, which provides a filtrate of suitable
clarity will be acceptable to practice within the present invention.

25  One embodiment of the current invention involves the filtration of the buffer containing
the virus particles to remove impurities particularly those in suspension or precipitated
in the buffer solution. Techniques for filtration of virus particles are well known to
one skilled in the art. The choice of filtration process will be a function in part of the
precipitate size distribution relative to the size of the virus particles to be retained. The

30  preferred filtration option will optimize the balance between removing the unwanted
residual particles while maintaining a high viral yield that retains the antigenicity of the
virus in a cost effective manner. Suitable filters may utilize cellulose filters,
regenerated cellulose fibers, cellulose fibers combined with inorganic filter aids,

cellulose fibers combined with inorganic filter aids and organic resins, or any
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combination thereof, and polymeric filters or the like. In general, a multiple stage
process is preferable but not required. An exemplary process would be the two stage
filtration of the viral solution using first a suitable filter with a pore size not less than
1.5 microns, or not less than 2.0 microns, or not less than 2.5 microns, or not less than
5 3.0 microns, or not less than 3.5 microns, or not less than 4.0 microns or not less than
4.5 microns or not less than 5.0 microns followed by filtration through a suitable finer
filter with a pore size less than 0.5 microns, or less than 1.0 microns or less than 1.5
microns.
In certain embodiments of the current invention the viral content of the supernatant may
10 then be concentrated by any one of a number of processes known to those skilled in the
art, for example ultrafiltration or diafiltration and the like.
In one embodiment of the present invention the viral content may be concentrated by
ultrafiltration. An exemplary process would be ultrafiltration using a filter medium
with a pore size up to 100 kilo Daltons, or up to 200 kilo Daltons, or up to 300 kilo
15  Daltons, or up to 400 kilo Daltons or up to 500 kilo Daltons to produce a viral solution
with a concentration of greater than 10 times, or greater than 20 times, or greater than
30 times, or greater than 40 times, or greater than 50 times, or greater than 60 times, or
greater than 70 times, or greater than 80 times, or greater than 90 times, or greater than
100 times, or greater than 110 times, or greater than 120 times the original supernatant.
20 In certain embodiments of the current invention the resulting viral supernatant is then
washed. Techniques for washing viral solutions are known by one skilled in the art.
An exemplary process would be to wash the viral supernatant once or twice, or three
times or four times or five times or six times or seven times, or eight times or nine times,
or ten times, or eleven times, or twelve times, or thirteen times, or fourteen times, or
25  fifteen times with an equal volume, double the volume, triple the volume, quadruple the
volume, five times six times the volume or seven times the volume, or eight times the
volume or nine times the volume, or ten times the volume, or eleven times the volume,
or twelve times the volume, or thirteen times the volume, or fourteen times the volume,
or fifteen times the volume of PBS with a pH of up to 5, or up to 6, or up to 7, or up to
30 7.1,orupto7.20orupto7.3,orupto7.4,orupto7.5 orupto7.6,orupto7.7,0rupto
7.8, or up to 7.9, or up to 8 or up to 9 with a solution of high ionic strength achieved
using salt concentration of up to 0.5M, or up to 0.6M, or up to 0.7M, or up to 0.8M, or
up to 0.9M, or up to 1M, or up to 1.1M, or up to 1.2M, or up to 1.3M, or up to 1.4M, or
up to 1.5M, or up to 1.6M, or up to 1.7M, or up to 1.8M, or up to 1.9M, or up to 2M, or
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10  fourteen times, or fifteen times with an equal volume, double the volume, triple the
volume, quadruple the volume, five times six times the volume or seven times the
volume, or eight times the volume or nine times the volume, or ten times the volume, or
eleven times the volume, or twelve times the volume, or thirteen times the volume, or
fourteen times the volume, or fifteen times the volume of PBS with a pH of up to 5, or
15 upto6,orupto7,orupto7.1,orupto 7.2 orupto 7.3, orupto7.4,orupto 7.5, orup
to 7.6, or up to 7.7, or up to 7.8, or up to 7.9, or up to 8 or up to 9 with a salt
concentration of up to 0.1M, or up to 0.2M, or up to 0.3M, or up to 0.4M, or up to 0.5M,
or up to 0.6M, or up to 0.7M, or up to 0.8M, or up to 0.9M, or up to 1M wherein the salt
solution may comprise any combination of the common cations, eg. Na+, K+, Al3+,
20  Ca2+, Mg2+, NH4+,and common anions, eg. Cl-, (OH)-, (CO3)2-, (S04)2-, (PO4)3-,
(HCO3)-, (HSO4)-, (HPO4)2-, (H2PO4)-, more specifically comprise Na2SO4,
(NH4)2S04, Na2HPO4, NaCl or KCl, and most specifically comprise NaCl.
In further related embodiments of the present invention the target virus may be
combined with the high ionic concentration solution prior to the ultrafiltration process
25  as described above. In such embodiments of the present invention the virus may be
washed or otherwise purified in the presence of a high ionic solution wherein the
solution of high ionic strength is achieved using salt concentration of up to 0.5M, or up
to 0.6M, or up to 0.7M, or up to 0.8M, or up to 0.9M, or up to 1M, or up to 1.1M, or up
to 1.2M, or up to 1.3M, or up to 1.4M, or up to 1.5M, or up to 1.6M, or up to 1.7M, or
30 upto 1.8M, or up to 1.9M, or up to 2M, or up to 2.5M, or up to 3M, or up to 3.5M, or
up to 4M, or up to 4.5M or up to 5SM wherein the salt solution may comprise any
combination of the common cations, eg. Nat+, K+, Al3+, Ca2+, Mg2+, NH4+,and
common anions, ¢g. Cl-, (OH)-, (CO3)2-, (SO4)2-, (PO4)3-, (HCO3)-, (HSO4)-,
(HPO4)2-, (H2PO4)-, more specifically comprise Na2S04, (NH4)2S0O4, Na2HPO4,
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exemplary process step would be the treatment of the viral composition with

5  B-propiolactone in a concentration from 0.1% to 0.01% for a period of up to 24 hours at

under chilled conditions between 4 and 8 degrees C followed by a period of up to 2

hours above room temperature between 25 and 40 degrees C. The inactivated virus is

then ready for further purification.

In certain embodiments of the current invention the resulting inactivated viral solution

10  is then washed. Techniques for washing viral solutions are known by one skilled in the
art. An exemplary process would be to wash the viral supernatant once or twice, or
three times or four times or five times or six times or seven times, or eight times or nine
times, or ten times, or eleven times, or twelve times, or thirteen times, or fourteen times,
or fifteen times with an equal volume, double the volume, triple the volume, quadruple

15  the volume, five times six times the volume or seven times the volume, or eight times
the volume or nine times the volume, or ten times the volume, or eleven times the
volume, or twelve times the volume, or thirteen times the volume, or fourteen times the
volume, or fifteen times the volume of PBS with a pH of up to 5, or up to 6, or up to 7,
orupto7.1,orupto 7.2 orupto 7.3, orupto 7.4, orupto 7.5, orup to 7.6, or up to 7.7,

20 orupto 7.8, orupto 7.9, or up to 8 or up to 9 with a solution of high ionic strength
achieved using a salt concentration of up to 0.5M, or up to 0.6M, or up to 0.7M, or up to
0.8M, or up to 0.9M, or up to 1M, or up to 1.1M, or up to 1.2M, or up to 1.3M, or up to
1.4M, or up to 1.5M, or up to 1.6M, or up to 1.7M, or up to 1.8M, or up to 1.9M, or up
to 2M, or up to 2.5M, or up to 3M, or up to 3.5M, or up to 4M, or up to 4.5M or up to

25  5M wherein the salt solution may comprise any combination of the common cations, eg.
Na+, K+, Al3+, Ca2+, Mg2+, NH4+,and common anions, eg. Cl-, (OH)-, (CO3)2-,
(S04)2-, (PO4)3-, (HCO3)-, (HSO4)-, (HPO4)2-, (H2PO4)-, more specifically
comprise Na2S04, (NH4)2S04, Na2HPO4, NaCl or KCIl, and most specifically
comprise NaCl.

30  In certain embodiments of the present invention the viral solution is further purified
using a chromatographic process. Techniques for chromatography are well known to
those skilled in the art.

In a particular embodiment of the current invention the viral solution resulting from the

virus inactivation process is further purified by means of size-exclusion
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chromatography.
In size exclusion chromatography molecules are separated according to size in a bed
packed with an inert porous medium, especially an inert gel medium, which is
preferably a composite of cross-linked polysaccharides, e.g., cross-linked agarose and
5  dextran in the form of spherical beads. Molecules larger than the largest pores in the
swollen gel beads do not enter the gel beads and therefore move through the
chromatographic bed fastest. Smaller molecules, which enter the gel beads to varying
extent depending on their size and shape, are retarded in their passage through the bed.
Molecules are thus generally eluted in the order of decreasing molecular size. Viruses,

10 because of their large size, generally elute in the void volume whereas the unwanted
impurities, including but not limited to the residual DNA fragments from the cell
substrate, are smaller and are generally trapped within the pores of the inert medium.
The convective fluid flow properties are determined by the bead size. Smaller beads
require higher pressure to attain equivalent flow in a column. However, the equilibrium

15  adsorbing capacity is not determined by the bead size. Therefore, the static capacity and
the flow properties of the materials are not necessarily coupled or interdependent.
However, because most of the capacity is accessed through diffusion, the dynamic
binding capacity (capacity in a flow-through mode at a given flow rate) is coupled to the
bead size and therefore to the convective flow properties of the adsorbent.

20 As the beads are porous and the selected molecule to be captured must diffuse into the
pores of the media to be captured, the speed and capacity of the system are diffusionally
limited. There are two diffusional limitations, one surrounding the bead where a film of
material may form and inhibit movement of the selected molecule to the surface of the
bead and a second internal diffusional resistance which is determined by the size,

25 number and length of the pores formed in the bead surface. Additionally, the
permeability of the media is related to bead size (which can vary widely) as well as the
media stability. Larger beads and beads with larger pores tend to have higher
permeability. Beads that are not subject to or less subject to compression (by the weight
of the beads above them coupled with the pressure under which the fluid flows through

30 the bed) also tend to have greater permeability. However, at high flow rates,
permeability does decrease and dynamic capacity also decreases.

It is preferred that the substrate selected be highly porous, so that there is minimal, but
sufficient wall or solid material within it to provide the structural integrity and high

porosity and flow. The bead sizes may vary from about 100 to about 300 microns, or
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from about 50 to 150 microns, or from about 20 to about 80 microns or from about 10 to
40 microns, depending upon the fluid and the constituent that is desired to be captured
from it. For example, in an application to capture a desired DNA from a composition of
virus particles in a buffer solution, the pores of the substrate should be sufficiently large
5  enough to allow good permeability at high flow rates of the broth through the media.
The buffer solution use for the chromatography would comprise a standard PBS
solution with a pH between about 5 and 9, preferably a pH between about 6 and 8 and
more preferably between about 7 and 8.
One embodiment of the present invention further relates to incorporation of an

10  additional downstream clarification process that includes one or more of the following
steps in any reasonable combination; filtration, ultrafiltration or chromatography to as a
final opportunity to remove any remaining impurities. An exemplary process would
be the filtration of the viral solution using a filter with pore size less than 0.25 microns,
or less than 0.50 microns, or less than 0.75 microns, or les than 1.0 microns.

15  The processes of the present invention are scalable from lab-bench scale cell cultures up
to commercial scale manufacturing. The present invention thus relates to methodology
for the purification of large-scale production of commercially viable amounts of highly
purified virus. Where the term "large scale" used herein is considered to be total host
cell culture volumes of greater than about 100 liters up to about 2,000 liters, with

20  preferred batch quantities from about 100 liters to about 800 liters.

Techniques to measure the residual DNA in the final solution are well known to those
skilled in the art. The preferred technique used is the Dot-blot Hybridization Test as
specified in the Chinese Pharmacopeia 2010. Methods to test the antigen content and
immunogenicity of viral particles are also well known to those skilled in the art. The

25  preferred tests to measure antigen content and immunogenicity/potency are ELISA and
NIH method (animal in vivo testing) respectively, both are to be found in the Chinese
Pharmacopeia 2010.

It will be evident to the artisan that the measure of the residual host cell DNA content is
not meant as a limitation or defining feature of this methodology. Instead, these data in

30  the examples support the essence of the present invention: a large-scale methodology
for the generation of virus particles that results in a highly purified product that may be
utilized in clinical and commercial settings. It can be noted that the importance of
achieving particular DNA levels in the final product is product-specific. Viral products

produced using continuous cell lines for parenteral use in humans will require the most
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stringent purity standards but, even in that case, the goals may vary from 100 pg per
dose up to 10 ng per dose (WHO Requirements for the Use of Animal Cells as in vitro
Substrates for the Production of Biologicals Requirements for Biological Substances No.
50), WHO Technical Report Series, No. 878, 1998) or higher, and are likely to be
5  adjusted depending on the product's indication.

In addition, for virus-based products such as vaccines, dosing may vary over several
orders-of-magnitude. Therefore, there is no specific significance of achieving a specific
residual DNA levels below and, in most applications, variations around that level from
lot-to-lot are not likely to be consequential.

10  Therefore, as noted above, it is preferred that the rabies preparations of the present
invention have an immunogenicity of greater than 2.5 IU/dose and preferably greater
than 3.5 IU/dose, while having a residual host cell DNA level at least less than 10 ng per
dose, or preferably less than 100 pg per dose.

The above disclosure generally describes the present invention. The present invention

15  will be better understood by referring to the following examples of embodying the
process for the purification of viruses. These examples are described solely for the
purposes of illustrating and are not intended to limit the scope of the invention.
Changes in form and substitution of equivalents are contemplated as circumstances may
suggest or render expedient. Although specific terms have been employed herein,

20 such terms are intended in a descriptive sense and not for the purposes of limitation.
Example
Determination of the Residual DNA Content Before and After Purification
Example 1 — Old Process Without High Ionic Concentration Buffer
This example illustrates how the residual DNA content of a rabies virus solution is not

25  reduced when the purification process does not include washing the virus composition
with a high ionic concentration buffer.

The CTN rabies virus was cultured in Vero cells with the live rabies virus harvested
from the supernatant i.c. without use of a nuclease. The viral supernatant was first
clarified to remove residual DNA in suspension, and then the live rabies virus particles

30  were then concentrated up to 50 times the original concentration by ultrafiltration,
washed in a low salt concentration buffer before being chemically inactivated with
B-propiolactone. The antigen content and residual DNA were measured at this point
using standard tests as defined in the Chinese Pharmacopeia 2010 (see table 1 below).

The viral solution was then subject to size exclusion chromatography using 4FF
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Conclusion: there was no observable reduction in the DNA content of the original virus
supernatant as a result of the above purification process.
10
Example 2 —Effect of lonic Concentration on DNA removal in lab scale
This example illustrates the effect of different ionic concentration on reduction of
residual DNA content of a rabies virus solution in lab scale
The CTN rabies virus was cultured in Vero cells with the live rabies virus harvested
15  from the supernatant i.e. without use of a nuclease. The viral supernatant was filtered
and then concentrated up to 50 times the original concentration by ultrafiltration washed
first in a high ionic concentration buffer followed by washing in a low salt concentration
buffer before being chemically inactivated with B-propiolactone. The antigen content
and residual DNA were measured at this point using standard tests as defined in the
20  Chinese Pharmacopeia 2010 (see table 2 below).

The wviral solution was then washed with a with a high ionic concentration buffer
containing 0.5M(B), 1M(C), 2.0M(D), 3.0M(E) NaCl and regular PBS buffer (A).

After washing the viral solution was then subject to size exclusion chromatography
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using 4FF Sepharose medium. The antigen content and residual DNA were measured at
this point using standard tests as defined in the Chinese Pharmacopeia 2010 (see table 2
below).

The above procedure was repeated three times with different batches of the rabies virus.

Table 2: Antigen and DNA Content of Rabies Virus

Process Stage | Treat

Antigen [U/ml
ment DNA pg/ml
Batch Batch
After A | 500pg-Ing | 500pg-1ng | 300-500pg 17.4 16.7| 152
concentration
o B 500pg-1ng 500pg | 300-500pg 17.0 | 16.5.| 15.5
washing in

high salt and C 200-300pg | 200-300pg | 200-300pg 16.8 16.1 | 15.1

low salt 16.9 154 14.4
D 100-200pg 100-200pg 100-200pg
buffers and
inactivation
_ 12.9 114 10.4
of the live E 50-100pg 50-100pg 50-100pg

rabies virus

A 300pg | 200-300pg | 300-500pg 15.1 141 134
After size B 200-300pg 200pg | 100-150pg 15.5 144 13.6
exclusion

C 10-50pg 10-50pg 10-50pg 14.2 142 125
chromatograp
hy D 10-50pg 10-50pg 10-50pg 13.3 132 11.1

E 10-50pg 10-50pg 10-50pg 10.3 10.1 9.8

IU - International Units

A: regular PBS; B: PBS with 0.5M Nacl; C: PBS with 1.0M Nacl; D: PBS with 2.0M
10  Nacl; E: PBS with 3.0 M Nacl

Conclusion: the combined processes of washing the viral supernatant in a high ionic

concentration buffer followed by size exclusion chromatography dramatically reduced

the concentration of unwanted residual DNA in lab scale. It should be noted that along

with the increasing of ioinc centration, the DNA reduced dramatically, but the antigen

15  recovery also dicreased.
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5  This example illustrates how the remdual DNA content of a rabies virus solution may be
reduced while retaining the immunogenicity of the rabies virus particles.
The CTN rabies virus was cultured in Vero cells with the live rabies virus harvested
from the supernatant i.e. without use of a nuclease. The viral supernatant was filtered
and then concentrated up to 50 times the original concentration by ultrafiltration,
10  washed first in a high ionic concentration buffer followed by washing in a low salt
concentration buffer before being chemically inactivated with B-propiolactone. The
antigen content and residual DNA were measured at this point using standard tests as
defined in the Chinese Pharmacopeia 2010 (see table 3 below).
The viral solution was then washed with a high ionic concentration buffer containing
15 1M NaCl. After washing the viral solution was then subject to size exclusion
chromatography using 4FF Sepharose medium. The antigen content and residual DNA
were measured at this point using standard tests as defined in the Chinese Pharmacopeia
2010 (see table 3 below).
The viral composition was then filtered before a final assessment of the antigen content
20 and residual DNA were measured at this point using standard tests as defined in the
Chinese Pharmacopeia 2010 (see table 3 below).
The above procedure was repeated three times with different batches of the rabies virus.

Table 3: Antigen and DNA Content of Rabies Virus

Process Stage Batch Antigen IU/ml DNA pg/ml
After concentration washing in 1 19.6 500 - 1,000
high salt and low salt buffers 2 17.0 300 -500
and inactivation of the live 3 20.6 300 —400

rabies virus

After size exclusion 1 15.7 10-50
chromatography 2 16.7 50-100
3 13.7 10 -50
After final filtration 1 15.7 10-50
2 16.9 50-100

3 14.5 10 -50
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