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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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However, continuous cell lines themselves are associated with certain disadvantages
30  relating to their use for medical purposes. Residual DNA may be capable of being
integrated into the host genome, which may potentially result in malignant
transformations of the host’s/recipient’s DNA leading to abnormalities in cell replication
such as cancer.

Four factors impact the magnitude of the risk; the cell-substrate itself, different types



25case- by-case basis. The FDA's Cuidance for Industry "Characterization and
qualification of cell substrates and other biological materials used in the
product i omoab1wvilpasht vacci nes for infectious di sease indipcatdnang/o7sgsued in

2010 states that "You should limt re8idual DNA for continuous

non-t unor i geni.c. cel | such as, | ow S ero cells, to s than. 10 30
gl dose. { B puEtErary GRS db1 S BEMP IR AERasG ) Siae 200 R Re il

r ecommendata@illyf Rfss @iaal iy BNbMNh FuRitRHalCQIROFct fRRS of BdhBSdratibRn.c1@fug per
dose given the naturally | ower uptake for this adm nistration method. The

2010 Chi néBéakphelr Patb perpprosisipse]y bh0.Q0ciotrlass eéfivientdadomlly taheopppsddr tpan of

From ver orgar A BB s T REeRbbRIed B e TS Tob ORAdER S R (R
producsi omhpreDA3SChbds of abédesal VRegildias Mgt De pags610. Brundeo tig gpedraldose
i.e. O ng per dose or 100 fold less than the WHO reconmendati on (see

.e. 0.1
above) . THERErs far buvegicalarronds skicsndat “Prrdugts -l ércp Llgext&sPes suppl y
of eCononheallay cxcoBl MAHGRANM BllAlAbIK ifd FRuGATRAS hdcANSICSUIYAh il Of
a u t not limt t

human medi c applications inc I ng, bu 0 vaccines. In this
cont ext quapproted bislogedsilivedseagppbadtion”i ) $veifantigetions qranpdetineekavefaliohe

virus such that it deli s the .desired nedi gal .outcones and |

conour r enbFSR pHEK Bure WGP S S ORL e BB b oo AL O CRATO g fevel of

cont afi NamiNeA B ERNUCRECHY ahfigens MR riTED BHACHBHLABNPFOERSS ush) cstalhhe DNA
fromthe cellular substrate, are 10 elimnated or reduced to an acceptable

m ni mal | edlklingsn t he finished product to ensure that the conposition is

safe for se, e obj ectiyve, of e current .invention.iSothus,to

o onose a HoyEO SR TRorERk S HificRical M EHLES T RO tROuisgs 6N b | o
easy to aubggréluded thatAMOkhek REIRaEd wethabsitieg coufifiit ceNIRBIDNA hs to
propose a purification nmethod that 15 allows for whol e, non-degraded

viruses t raschobtngghedle when thenanownjedcurl &N iy AB0 parardats paivermnis is to
propogg aghuni figgl &09{83{5%%%?& @cﬁ-{m?lﬁ{e%' Jsée%ﬁﬂ&thvJs%ﬂ#lﬁ@sco 00 BRLRubOT of
specifica i

unwanted Inpurities an y to reducé signi antly e residua
DNA from theinueld-cdll-liec BNIsparputficd dbReffatdisheas gomeidieadd,actdpeatddy produci ng
highly purified virus particles. 20Yet. anot her aqbjective of the current

i nvent i on Th§ Fyopraspdesnay go ithe dat{igHopr e ddxliqipalt Progdugis ot gpmaticq for it s
possi bl e ﬁ’fbp?fef’d%%e&?&hgl ﬂ’d&l’f&%})hﬁ%h@% Al RRitHR SIS RUR 1008 bV ineAlse of
conposi tion. IT 1s also an object of the present iInvention to inprove the
processi njutmeshgoliog¢¢llsi ofp|Himyant herigiquifpnetht Pegluctied, ofiri Biblvigrel t drel

production.costs, an nsur 5.batch-to- consi.stency., To, achi eve
Phese 2bi niciteSlogtipl SR MG b oRer R RECHBLOT SPp PURTES vi r al
cul ture, whenRi WHS Qo sifles tBat ilGahddY 8BEUrWhckdheRdtdntibCRY cBRicArisks Wi al
culture is characterized by a nethod consisting of a conbination of

pr ocesses highat, forrpxhmgles waerd thastsidopkeDAepay eoritaio refasteousietrgvaral provirion

concentration of t viral co Siti t.hen at least .30 one _step to
Sonernt o bl | Ry Ll oIS bds30e FNA 8GR Rl GETh SRR BYP iR
excl usi on“siguddit agriaphys pokhid]d esidl based ohhinSaRéRBRASOf thearigkofipsd bhan of

purified viruses that nmay be used to produce highly effective vaccines
causi By n62s§ikynape baskt adverse side effects in the recipients. WO
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and other biological materials used in the production of viral vaccines for infectious
disease indications” issued in 2010 states that “You should limit residual DNA for
continuous non-tumorigenic cells, such as low-passage Vero cells, to less than 10
30  ng/dose for parenteral inoculation as recommended by WHO.” The recommendation
for orally administered compositions is less than 100ug per dose given the naturally
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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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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15 have a detrimental effect on the immunogenicity of the target virus. To meet the
overall objectives the resulting viral composition must have both a low residual DNA
concentration and virus particles with the desired immunogenicity. Furthermore, the
nuclease, chemical or other substance used to degrade the DNA must itself be then
removed from the viral composition. Thus, in accordance with the current invention,

20  the method of purification is characterized in part by the process of DNA removal or
reduction without the use of nuclease.

Detergents may be use to precipitate DNA into a suspension within the viral
composition thereby facilitating the removal of the DNA by means of filtration or
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
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propagati G r ahi [ elitis,
hennrrhag?g ?&3@? Jg%gﬁgggcgﬁ%g%t 9§%§%8§%%gy+ﬁkh ﬁFJ% ef?gmngﬁy

enbodlnenpsxmmnmhe pr esent |nvent|on the steps used to harvest exclude the

30 use of _nucl ease or. pt her substances . to sate the cel he. cel |
Subsrr at e hF ROTONAaSdH B Do ORI OBR et By Srveni B SRt Rbo LRSI s,

such ag depes %%Iﬁevaﬁfeethg %}i‘l@ratlloprBE&S} iRyt B¢ BordduSteM codthtlalmauld fthld tat e
the renoval of the DNA from solution containing the target virus. In yet
further e htghduﬁé of sired suifabledor meditaliuge euthi asrtheyprodyigion of vaccines.

2012/ 019354PCT/ CN2010/ 075948 8 chem cal s are used to degrade the DNA

t hereby reducing the size of the DNA to mtigate the risk of there being
f ragnment s 30RefoNAENAtoriRk@0N a functional gene. The subject matter of the
current invention includes all cell substrates suitable for virus

propagati on,, Pt IRl ¥ LR GEMetildjees and nore particularly Vero
cells. The 5selected cey |he:ﬂ#ﬁﬁﬁge cultured and infected with the

target virus, u . In certain
enbodltl?rent s of %%OO?WH?Z% e qr%gcﬁﬁo%ﬁfléllg%gr %fﬁrﬁpgbri ate period of tine
under the desired condltlons necessary to culture the viru e viral
conposi tion s UratQPESH8472Y Gelt- dTavca G ges Rereh bewiligaelso %&ﬁgufflrﬁﬁéhti on
the undesirabl gpjgpurities 10 in suspension are substantially renoved
through a filtration. The use of such techniques generally rely on the

di ff h th
et g oy LES L PRLORET LA B, R0 Wising " B8 i bigiudont RRBpfEcipd, 87

sol ution. Wer gésoshaltvaictors esi dual cell substrate DNA in the virus
solution, particularly the 15 precipitated DNA fragnents in suspension, my

be reg@ved tar @Hﬂﬁcafdo'nt RO V-ml‘? mbh&eh af VEJ&GCQFIQ‘{"JS{#%OUHW%% ween

the residual DNA and virus particles may be further co g the
concentration EFécltnlrcalethhuQulpfaratll@élbﬁecm@lagﬁ&rt%él diduats p2H&36280physi cal | y
trapped during the aggregation of the virus particles. Once the DNA is

bound Speci fé c@tdcgssoStaNidisesi for Ctinyal tVards Teecw v ¢ryi Sand RentdvabbBsisstatt r apped
by 20aggregates of the virus, the use of ultrafiltration and/or size
exl usi on as de$¥¥A Bed Borvim@r%ﬂ&rltPrwé@éﬁﬁ&er%fiakh%lvyd iRgbicp @EsiPR KMy neans

for STl cientl v, Gemnih A IS, IBiqhEactlng INEDh 108 L37shar sgiates to

a process for puri g the resultin ested virus,
preferably,

necessari | |ncludes at _|.east .t he i ng St eps:
Gl ar i Proat oh BRfiG! P ga msRoBy r iy A RSRe V%foriﬁﬁloéﬁ’ﬁ“ﬁ%wgﬁ%e ris
and part of unk@uR§l 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



25 residual DNA fromthe cell substrate, an step to concentrate the
purified virus to |l evels useful for further processing, washing the virus
in high amo2bteén9iseaw salt buffer, an inactivation step ROEN2910(0TE948
harvested virus is rendered inactive By treatnent with chem cals or other
process known se .skilled | e arf.. viral solution at this stage
of the purif1c§§ﬂ§2ﬁﬁ@%8 §§m8@5%$§%$§”@¥bpﬂgggntains a 30 concentration of
residual DNA fromthe cell substrate in excess of 100(Pg per m, that is,
the viral cohpdsrapean Agsury fabthbEvaleiien ehtMadicnahPeeductse Cominiiiee fEDA

gui del i nes for . I\ U i | - human
dse as set out PTOTieAE OAREA RIS 5 AR08 b Bion BRUROL S TR GeRle 1
exenplified byCehe of Hunsi Orighif for whe Reldiutii@nal Bistpgicdladiid BioggdnolMEical

2012/ 019354PCT/ CN2Q10/ 075948 9 in the purification process, nanely the
washi ng of t he MR fregust w5ued & e¥Hposition in a high ionic (that is a
high salt) solution followed by size-exclusion chromatography resulting in
t he unexpectedFPévpvatidafcesifgnilidustimt “@haraeterszaspnr ed divalifigien vhuesll

provi ding a nor obust ;and econom cal | y, feasibl.e nethod fer. preparing

o ge. Boommer citar et S S FEREREL SRieritigies bl rfrii®on pELLE PRRELD o
enbodi ment's of fédigfectivusetideatdivigiehiic’) ids@dd @vmong suitabl e processing of the
virus in a high ionic strength buffer followed by size exclusion

chr omat ogr aphy the DNA concentration of the virus conposition may be | ess
than 100 pg per m, preferably between 10 and 100 pg per m and nore
prefed@bly between 10 andBHCRBEPHED N N HN conpositions woul d be
anticipated to neet the SFDA standards for residual DNA content as
described in the Chinese Pharnmacopeia 2010. In certain enbodi ments of the
present i mueninkeitioan r@gtdd ttb omal fitidl bf YPuriPiRasdL R Girixes,f OFdFHTtappso tre

si ze-excl usion chromat ography to renove additional particulates prior to
usi ng t hepyiifigaioned viiagescelitaiped by sekurmgeo celh lineo#isbaiory pritigrlyrlpavhere
15subsequ il r.0 r Y I ] f t]

requir erre(rcal s,tmc()lp 9% ﬁgﬁ g%%%f‘?ei %&? aér{glggl[% S?rrlg%%ﬁ&p%b ugfioi)?é#ﬁg %@2& a Iﬁlgfe%sul t of
t he cusr eparticaMantwhere the eclt sutBgatetemiprisdst\atro otis. of the prior art by

provi ding.a standard process for the purification of viral conpositions
Phat i nvolv&E S Bhvas! BF DY linfv?%gonar[ﬂe%aa{ﬁ%tf:@: &k AMRASHIONCSOBALDS of

cel | ul ar QA 10 GBI RRARS SHRAS okt 1l I AL A0 ddg oS T ed
antigenic propgrt?egg%f the target vifgsé thé% may be then usb% for

product s sowahd emparitidsu nivhameslich alirusseare Tiveduasd ént inedical bise, sectbes ther

under st ood, QR £a0L 09, Lhe, 96t A1 Lefl A5G RLLOR hhal (8! Lousiifeser i fon of

20  content of residual DNA and other impurities are reduced to a level where there is no

5D

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



DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS OF THE | NVENTION 30 The
present invention may be understood nore readily by reference to the

f ol | owi ngwoebmidigsf4descri pti on of certain enbodi nents ofPCrla2twestd8on and
t he Exanpl es included herein. Through®ut this application, where
publications are reference t.he, disclosures of these publicati re

hor by | nEBTBEPSrEs By rorReedn YA HBFFSL aeminy B8 SRl Bhi20A B

2012/ 0193 afaté AR QY AepOB&End Gagibhts 6 ADNOthiaNre@ifl @ FudcBom@ipend Ul | y descri be
the state of art to which this invention pertains. Before the present

i nvent i onThs sekjeetipgttcy et thei qyagnt inyventntigelydesypldent stubsfrteshanitablgifer vigwsent i on
. i ol ) \ . |
A T e U S e T e ey

t he pusposdc@éd dels dincbivitp bpasultued| &rd efbdet et ticoatgér vang undemiitabit ended
to be limting, since the scope of the present invention will be imted
only by tRevViERBEHEdEoR]iHeHs. Unl ess defined otherwise, all technical and

scientifig beliR eﬂ?o%qirﬁ%m t{lﬁgﬁrén@qn%ﬁs idﬁga@?ﬁggaggp%ad ypdigrst ood

by one of ordinary ski Int art to |%’h this 1 I on bel ongs.

Al t hough anderntbt hiesiscdapshditdnsrncatsayi i tdturothegirisy ghe virat compastordescr i bed
herein can al so,be used in the practice or testin f the.present ..

vent | onhaFichy dndsigd FeNTBETRE e AT e o HoLE e

p_Ub| I gt 1 NSy, Bibﬁ’”@r‘é Llﬁfsﬁlhﬂalﬁf GemB¢&T RIYOE I?da_ hﬁfr@tﬁd’h. bYTIEeEflﬁ;ée&C%cthO )

di scl ose and descri be the methods and/or materials in connection wth which

t he publ i tahiignes gereradlyt eady obSthe drffstenb@hpocad dropaticasf tlxethrggreius @nd in
th ded cl ai th ' | f "a, " ! " and "t he’. incl
ol ur af v ororeed R o abirfant %y BurT e alElde el pertite P (or

exanpl e, k&fesence to "a text” includes a plurality of such texts and
reference to "the segnent"” includes reference to one or nore segnents and

equi val ent™harepsr esstaink pesiat el HyberakiDNAdin et Heusapalutigmdpagtéculaght the 1t i s
furth n . t ' f I -any opti onal
eIeneE%. G uc ?I%%ggﬁ%b%%gﬁ%E?%Fg&%h?%ﬂﬂ%ﬁe#gggggggéggﬂgﬁ?gkedent basi s
for use ofThsuffbctexchaBindgtatfinikynbétagyn ar redohaDNA andvings padidics eyl beke i n

connectiog}l ith the recitation of cIain1eI$ nts, or,%se of a "negative"
i mi tati oftrthes sempayides furge te capcontpen pf the Hiysdpanicler beagpes thei 2R y

bound her ¢j g&gqﬁli ed . t he
cel l subs'?ﬂra t%@%ﬁ%ﬁ?%%@%a%@c?{%%& (ngérte e%'?zg?get V|S uis)[i%érs' o'g?g?vliaese
bound at ®MNAit bawddpetiically onNoh-speafivillyus, thonirther sthdracse cotragicddyw se,
t hat has enhanced articul ar bindi .affinity to, the structure af the
DNA f PlhgnaRf CE55 OINgR VB 453 ol g R By e ST 5 G oA
herei n rehRLScIResRRIV QR indiRclive @socf‘i%eéﬁ@)fop&fi@f_énﬂfretrﬁlﬁliﬂg theHNAr ough

el ectronic or physical affinity but not genetically integrated with the

viral gendhe presentaissentioat fathed telatesrty aproress dbapursiytng b resydiing hargestader t ai n
uni ts of upasurie hayg baen.used: Liv.auahou, LARHPSHIEN nl ShhQME%GRe VO
clarification of the virus solution, by filtration to remove cell debris and part of unbound
25  residual DNA from the cell substrate, an step to concentrate the purified virus to levels
useful for further processing, washing the virus in high and then low salt buffer, an
inactivation step whereby the harvested virus is rendered inactive by treatment with
chemicals or other process known to those skilled in the art.
The viral solution at this stage of the purification process generally still contains a
30  concentration of residual DNA from the cell substrate in excess of 100 pg per ml, that is,
the viral composition would not 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



11 standard conventions for abbreviation such as; "ug" for mcro-grans "pg"
for pico-granms, "ng" for nano-grans, "m" for mlli-liters and "1" for
liters. (Werwi2xwish the | nvention 5The present inventi orCrainNa®a759s8t he
purification of viral conpositions preferably under sterile conditions, in
particul ar_ the r.enmpval of inpurjties and e particularly the renoval of
Pesi dual  BNRCRPERFRIGE nedtass st GF &g OF e RAC RIS A shmBpsitaibinyi ¢ us.
By renovak mfh sa66d (thRPMrd higﬁ%alt}"@olﬁﬁ&ﬂ 81w dVby Hise-eRITRESH Ich AB 2ty
suitable for use in nedical applications, for exanple the production of
vacci nes fepltignianther ungrperied genaoval 10f vignifeutt aRgds A§ redua)l J2NAndhus

reci pient (fQ4ndue h Sk 38soghalednandars raRlR AduALT et B ShliL ks,
associ at e§ Wi any Tnpurities in parhc%l ar rmpuritres a FOPAG t

presense obmmesdiglyaddclanfitia@mbighsy purtiedHaiskost cel |l culture used in the
propagation of the target virus. The subject matter of the present

i nvent i onl} etiaip embedungnimebte qugient Hyepiien. fiolbawing pulipble procepsing of the
conposi ti :haty - . i i r j.ally
Vi abl o quanE: 11 BB T e R e SR A SRR Mt
char act er DNA cegcentiongofithe sirmetdnguieltogym@sipelessathhy 10& pf per b prefhbly

preparation of di cj roducts for human use such vacci nes. One
bbb menbeBRC D 1ide Lh By Stk Fh RIES BT GRS PRETHolD 870 0 FFRETvi r us
20 panyi ckgéh vird)l dddidokish@would e ARFRA bMMERtAOSFHA @éﬁﬁm&%ﬁ%{&ggﬁ of

purifying virus particles that conprises renoving all or sone of
resi dual DN\ conpentiag idescribsdiohtha €£hiige Phargaeertesa 2¢10m host cel |'s used to

te the t irus, t he vi. ticles.b Ltj-st
D obose. cHhretEr FobadinletRobr BF LRt DFFuR Lk Cicit Tillis B R ¢ h o
hi gh i oni gegomeRANpdsatth®Bizbektlawes ddyordatcHiapIfRE® JERPNY addifPndl pabteimye t he 25

DNA inmpurities. A related enbodi nent of the present invention describes a
net hod of PPOF it¢ yisHyg har wupdpr ireqdaea]l nuipesgst i ciharviral rrenposisient mpyivient i on

rel at t i a0l V] f: rii.c . CO ' ving all
o soms of FRATALE e g A e R O Tor b O B8 SPRE o

cel I s usegpdeifipanpagatiealpredicay.get virus, fromthe virus 30 particles by a
nmul ti-step, process characterized by imersing the virus particles in a
buffer wi 5 ke QV?ﬁaE Hesugrfdhe sWER iR Entioh oY greBwede gymaat@rl% @9 e qIgs g Py

chr omat og g r Hﬁ‘ﬁ kti-as St

rel ated ehbodl Irlr%%?pdg Qrfir{ﬁe}g%\régg%rgﬁe nvédr??igngTgggcﬁoﬂﬁjggﬁgﬁ%%aﬁgﬁuﬁep%ri fying
vi rus par rénsdvas of imppatidsi andl particilinky preesemival ofy egttulagrDNA| @t ths rhaximeimhods of
WO 2012/ 019354PCT/ CN2010/ 075948 12 purjifying virus.partjcles that conprises
Ferrovihg BPITF CLsiHe AC e e 8 ab oo ahefge Ao BeR b e by Flgent <
from host ;69lbeShdiSREd & REARBIRIELIE TS: hdhBBhedtdlWSe. fromthe virus
particles by a multi-step process characterized by i mersing the virus
parti cl es Thainyehudr etll bg bditen updagstooden tﬁadtmgcﬂ@mdért@i{ddoi@scf@tionm fphjows.
inactivation of the 5 target virus followed by size exclusion

chromat ography step to renove the DNA inpurities. In an additional related
enbodi nent of the present invamstaptiéeseiiedasu@snet hod of purifying virus
particles. In particular, the present 1 nvention relates to nmethods of
purifyP ngN@i(’fr%mﬂ&rti cles that conprises renoving all or sone of the
residual DNA 10 inpurities, such as DNA fragnents from host cells used to
propagate the target virus, fromthe virus particles by a nulti-step
process charRETAILLEPADBSCRAREIQNNOF HMEMPLUSR VANIBOEMENTS OBfIHE with a
hi gh ionic concentration foll owed ﬁé i nﬁﬁbi vation of the target virus

fol |l owed by size exclusion chromat ep to renove the DNA inpurities

wherein the DNA fragnents are Specifically and/or Non-specifically bound

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



15to the target virus. The ionic strength of buffer solution may be

determ ned from both nolar concentration and charge nunbers of all the ions
present iwothe/@edsati on. The ionic strength, /, may be earcN2atoadsu4s8i ng
following formula: 20where ci is the ¥olar concentration of ion

(rmol .dm 3), .zi ..is.the,charge n er, of.that jon .and the sumis taken over
ST ons PEpIFRAST R GRG0 EdirarBt fesdibt FR% el b6 Al e Which ' R o
ionic strea@ifs.is equal to its nolar concentration, while nultivalent ions
contribute nore to the ionic strength in the solution, for exanple, the

i oni c strBafrh the nrerenb inveatietiy diiphes degsoled. St finte be padersthed qgfﬂ e
251 n certaj dj . of t .pr,es I tion. the |onic stre h of the
pur rer - wniiarfar BTGl M BNG RRodRARR o Binshr & WRE; B g PR o

chr omas ograghy Itiis al3b @b 8¢ abliatstoed Wae thcledminology Gséhdrtin isrtsreh@ pefpesad y
between 0.8 t0. 2.0 nol/L and nost preferably between 0.8 to 1.2nmol/L. 30 In

certain efpwHPHENRAStiGHAT (rROQHPERs i, ead 1y npLEtehded tpdeslimiiagesineg 8if one of
the WD 2 ] : : i . (-)SSRNA vi ruses,
SSRNART TG ha SR E T i na iyt 57 T Anfdsaehnt ) 5F he

i nvent i on Unfess defins] othtdwite alabdmicat afid screitife ©erme nsaitimoeiedave thal esye or
preferably the rhabdoviridae famly, or re. preferably the |yssavirus
Genus or BVERNAGTBOR abigsiand Pases! dsdetes gl 10ithaericia KBNAM | o
type @f  mvaRGSL bQGndsabirghoMbl My metholPhER! RELEaRhNarc§ dyfivalchy Refio &
rabies virus strains including, ‘but not limted to, PMrabies virus, PV

r abi es vi dessridedihersinaganetksontys! wney i disi prgctice ongesting vhére mesotswedidetts n t he

CTN rabies wirus. In.related.enmbodi ments .of, the, current inventi the virus
may b anPEUEGpenl S biCa dRm fogubee o kPl Floe R Rere Brrehe
current i axeicbfidrab® hetplbyeseftdn@Akd IdedlRE dnd ¥éscHBE IhS Whdthddseaddor
propagation with continuous cell lines, for exanple; rabies, polionyelitis,
henor r hagmataralein conngstine setheWselh Heinublicatigngaiersdied i ke.  The sel ected virus
is first [ I1 1. rei cell. i e,

dori ve £ POARR Y8 B Harhe 18 herEh!and HUFLRIG GlifhsrelsilaBF K 87 oy
line or a“aidy’ emht'thotidnedudeeplliral irdferentsnuntss ttiad coreeh atiiar®ndistaet otieewisavent i on
the preferred cell Iine would be a continuous C?J| i ne. The continuous

cel | 1ine REy BeoBINGreldrara i bkt iBelufiesrm PIUERILOT B8 (BYS fHerH SIS ng
cel I 1ineg; “RERSBentNit#13de3 reRilrce %‘T@ne Ve ror@REo K and equivd@RQRhGESS for
the sel ection o? an appropriate cell line for t%e propagation of a 20
par ti cul aknewn trs these skidéd irkthewant, tiod sméorgki It sdfuithertiiéedathiat the dlampmefyer abl e
t hat e cel ine be.a, continuou ell |ipe and nor referabl e, that the
sour o8 of B eele PSR B ORIGT AETISN o 30t AR RSt T RN Rom a
primate agdveapestbaddedt BhsRABr BB SuBR eRELGve ABMENESH A ¥olR ! “dﬂlye?ﬂdhat%nny

be used for the propagation of the CIN rabies virus'is the Vero cell.

Any upst r enliké i sopregdert witnthsrigeicasionkefoolpink ¢lantpatsaror  usedif oh “eegatingd’

adapt ed t'ﬁmli afigr? scale cell culture of preferably continuous cell lines and
nore preferabl'y Vero cells, may be used to generate a virus infected host
cell culture. The cell culture is to be subjected to a post-infection
period of culture for virus replication under conditions known to one
skilléd i Pefinéicasrfdems to nmaxi mize the anount of intracellular and/or 30

extracel | ugleinhiadint O SACiRMINLS15hA AP LAIGh AN ATl LSEENC

i nvention. cell“cu e are known 1 n the art, Tor exanple, U S.
Pat. No. ®6eddddk ikBlhtddnfean phe atlesuthaniei andi fnsddt witketiid D&l of theawigdesing srevi ew

of cell culture techpi ques that may be_adapted fromvirus tq virus_ and cell
cul ture t 8thegyise %awt pled pRtighps H%C%éorwﬁ &ge \Jus) an the sustace gt aﬁﬁ%ﬁﬁ thete time

for cul t upiNgHhRGdWrpUSichi BHUSH S8hkptoARd skeRhl CRtAINATfrddhRnt.

30 “Non-specific” binding or “Non-specifically” bound DNA herein refers to DNA that is
in some way bound to the virus through electronic or physical affinity but not
genetically integrated with the viral genome nor associated with any particular site of
the virus.

Certain units of measure have been used throughout the document following the



WO 2012/ 019354PCT/ CN2010/ 075948 14 virus, the virus is harvested by

techni ques known to those skilled in the art. In certain enbodi nents the
virus i s wolzbeatigsfsafter |ysating the cells in the cell Pcuiao®/omswl a

chem cal, nucl ease or other equivalenﬂ,agent I n ot her enbodi nents the
virus is collected purely . fromthe.ce | ture,supernatant, the.,cells of
Uhe cel | SN e BMEnsY fermApbbLei§Eaaveh Har dieat 1Y GUFagePhe B T 02
replicati gRopir@egSag” it nafd-ateek, embord ARNLBtetMdVi’r 168 liflRy be harvested from
the cell culture supernatant once, or twice, or three or four, or five or
nore than five times. In certain enbodi nents of the present i nvention the
st eps use har rus exclude the use of nucl ease or other
substancegthw' §¥?€ 233§+Is of the cell substrate. 10 In further

enbodi srentThe @tesbﬂitaneaﬁroﬁrtblate@\te ftd gurifivatieh efr/eal @mmuitibnapretiatisly gadés, are
used to precipitate the DNA that may faciljitate the renoval of the DNA from
sol ution EGACaPMIdPEhE PaFEBIT Vhe aemor% %}‘érnprlalrlf:%érl apts haneitaliothe he
current o educi ng
the o ze or L OBANEN B o, Ao AR B ke, IR ARy oo e DERE Mk oA

t hat r et aBy rambual @if rsmiampganes the 1 &ulfing meswapngtld)m my\bersumahlesforre‘samned in
a suitable uff In addition tao, the harvesﬁed vrr t he buffer solution

cont ai ns WAl FPHiSHERSe PrRaER P BIRGFHR P YrriRR qr&wmaaartfrlr%} PFocess.
I'n gengr akyithBet é&!ﬁé@ﬁt@%‘e W@dn&@@r&%@dt% Sinfhie ?1@1& las@etddsuadirdle R@driccul ar
resi dual DNA t hat fragnents of nucleic acid fromthe cell substrate.
After harvids terfﬁeqs asmwmdf Weh agplimpumiresdo g onlan gmphsticsi arissngnthy pumdecrego

cIarrfrcat i 0, nor.e 0Gess steps,to renove ¢ debris
and or nugt Sl B fPiehBos O fathe R oo QRRRT o3t s Reb RIS SEhses an
effecti vetaagaveg@nom cally nmeans renove cell debris suspended in the buffer
solution. Any such clarification approach including filtration,

m crofi | t AAEisubicctonatigiralithe pEpsapHyY @ TRlates itk @ Dragse Korpthevivaasationt off ¢ r at e
of suitab b c b t
nvents on THStab iy et B AR FEAR RS EReRLETELFRNE TonlcRgafy SREN
filtratioquatfttichef huﬁlhﬁﬁg@mtlahmlbmclbmmw axdsllgpaplutityl @ardceriseom vieaking
|rrpur|t|es particularly th se i spensi on .or pre |p| ated in the buffer
sol ut i on. threBlsHiogawey earectallyus tsﬂrt PR?P?%%QE fedicae awéuetérrt]rrh&wa»n to
one skill ggeéh Rhthea@ides. The choice of filtration process will be a function
in part o e precipitate size distribution relative to the size of the

vi rus par Onel esbctd)mbet oétthé meckentT eveBOoprdef@rheedh fodthodatof qvurtfpmgowrw |1

optrm e the nce be n reno he u nt ed id rticles while
ai 1t &0 i RS O POrERty 181 OCrR TRt ST Reloamel BER L, pyTiSie: Hatvi r us
in a cost p@rftfb%tthét%oﬁﬁﬁg&rrem%@iﬂga@l 8r §drhd 6F oMYA IDNASmPRHTidY, 98 44 | ters,
regenerated cellulose fibers, cellulose fibers combined with inorganic

filter ai ®NA dedgmentss&omi bettsceBomsehda vppagaienthegtarget viubt pmathgsviawsd
organi c resi ns. Qr, any.. yD 2r01625/ 0C Q%St%Plg?'lé'{ 9“2191%%%5%8\%& corrtrltg natr on
t hereof, &7 8I 9'rrer| PrPeRPEE S e T her TR P e St age

process lbuﬂér&fzﬁﬁ abigh ibait coAtentreGoH fo@ldwe&%y@)tﬁ@haﬁbgrapﬁ}ﬂﬁeﬁﬁo ﬂéﬁid)lvé thee the
two stage filtration of the viral solution using first a suitable filter

with &5 poPNAIRRUIHES. | ess than 1.5 nicrons, or not |ess than 2.0 nicrons,
or not | ess : nat | ess
Ohanc%, LA RAD AL BB FindhPi S, BIRRoP ol B AR 0,
or not | epsmt:h:anhﬁ p@rtrcularr,oﬁm fprebdnoviedenldipn friclatgsatol aetiods afgpureysigi tnabsl e
finer filter, Lgrth a pore size less1 t han O. mcrm Iﬁé | ess .t han 1.

mi crons oPaltiglss thajgamprisesyiepioyHg all of spmaept e fedfit e impudtics ﬁ‘éChc‘i‘;?rrent
i nventi onpie fvagr@clmsceaﬁleﬁ&st Qolls NBo® D FrbMaANL HTPMrLD HilENrBf ARNGEAN rat ed
by any one of a nunber of processes known to those Skilled in the art, for
exanpBe ubantigfes |tyr atnwdn-stap mpaéssloﬂlmat:ieunechhyl imeer$ing ¢he Ivmusnpa*tlelwbonlrarrent of
t he prese i nvention .the vira gon be co centr t ed

't et 1 ¢ POy g et e S DOe Y B GRe RSPt PRI R o
filter meei témott e BNPOhHuStige up to 100 kilo Daltons, or up to 200 kilo
Dal tons, or up to 300 kilo 15 Daltons, or up to 400 krlo Daltons or up to
500 kilo Dalat&ﬁlﬂsfwtbepr@@eéené?omm@lt of sheipresentwinyentioncdnserdbasr anicgiodost
greater tha ar r an 2 g er t 0. tines,
or greate {lﬁ'it ifun%aspr?rlet%ﬁesorlg ragta utl'ﬂ t]'h ﬁregw%ve@{onoge?ﬁéseg ere%gI & ft
times, or greater than 70 tines, or greater than 80 tines, or greater than
90 tinmes, or greater than 100 tirres, or greater than 110 tirres, or greater
than 120 tinmes the original supernatant. 20 In certain enbodi nents of the
current invention the resulting viral supernatant is then washed.

Technr ques for vvashr ng vr raI sol ut| ons are knovvn by one ski | I ed |n the art

o o - v oy



25 fifteen times wth an equal volunme, double the volune, triple the

vol unme, quadruple the volune, five tinmes six tines the volune or seven

ti mes thewoabiwa93ser eight times the vol une or nine tinmeSTIAN20MWGI7SAIB, OF

ten tines the volune, or eleven tinesi2the volune, or twelve tines the

vol une, or_thirteen ti or fourteen tinme

Pt teon ¢ PHES ST peE oo Rt 45pev Ge 1F Sf sou™ ), b geria DA Lo <o

7, or up ﬁtﬁpur&ibﬂsu'bh a@rDNJQ fiefhonds A#HmMUbsE Gells: hed @6 p&kﬂ)a@@te%hétar@ét vifist o 7.5,

or up to 7.6, or up to or up to 7.8, or upto 7.9, or up to 8 or up to

9 with a ﬁ@mtheo\ﬂﬂ@fpanm@% bbm reulélt&t%gtq@e%cqhnw@@wé brgmedrEing dreceits at i on

of up to u Q 0, r u 0. 0. 9M

or up to %RH%MGS h YBu q \ﬁ\ﬁ I\él h@fl i 1c gmt%m? fof‘f(?wétﬁb\yy\ﬁel\élﬂvgtlon Bf ttlt]_e AM or

up to 4. 5Mrg<QFV1L‘lIS f(ﬂlolzveal\/b Q;Ifzeuexdhmdn ZMom'altogﬂ@HyOstép M redfovgptht ADXAIM  or

up to 2M .or WO 2012/019354PCT/ CN2010/ 075948 16 up to 2.5M or up to 3M

or up to INBWiticsy up to 4M or up to 4.5Mor up to 5Mwherein the salt

sol ution e , K+,
mll\l/gaggttfotﬁa rhivg CRBBLARN OF ptégatq%%MF dqe()gtm? Bty i

Al3+, Caz2+, , and common ani ons 504) 2-,
(PXA) 3-, (Jh-iﬁm)g- Vir(1$-l$®ft)olcs (RO @Har, (Hd2PO4gnt, inmontenspéed ke atdthodsonfpr i se
Na2SsH4, 5 @21804 Na2HPO4, NaCl.or KC1,. anéﬂ nost speci fi cal lﬁg@ﬁgfri se
Nad . In P tl VEHD 88t hatoporppyises (jrmaking; 4l 8P Afne viesidy ionis
t hen ‘{\@Sh?rﬁ ﬁlﬁfetshﬁfch'a@ I?NJAOt‘Pég%%nfts Hlfnfl?cfst cAly &%@R@'p%ﬁég%%@%a’%gé’t%hg be to
wash t he V|raI supernatant once or twice, or three tines or four tines or
five timesroor thsi thsmvetsclcﬁr by evewltitstereBrocess ahiaggieterizedrby immensimg the Vm or

ten tines r. el.eve . twelve t ti.mes

four t con PSPty En ohigh "p ekl oA BT DatsE e 8 U ure,
triple theryal vif®, flleaddupy %12Ieh@xc\l‘t‘£s|16iméhrofma‘t’ riphyestep ity tohitRs thBeDMal ume or
seven tinmes the volune, or eight tines the volume or nine tines the vol une,

or ten ti fRUTtS Whstreirghe BN/ iagmants iape Specifacaliy| ander Nam-yngeifigally borensd t he
vol u o] QH%IITES t he volune, or fourteen tinmes the volune, or
f|ftgg% tlgorr%@tét%& volunme of PBS with a pH of up to 5 or 15 up to 6, or up
E)(r) Zp ?{) #B%EO%IC stfle’ngﬁtr fl#pu.ﬁftep so7lut%on01]tt1 OYB g&eer%ed Pr{)mq%tlg&oiar%t)n tr%i' E)(r) ZpS to
9 with a sad thaegneenbdrabf zﬂhth@flomq)rtsenﬂmlhé sadiitiohp The 1(911c2Mength !ltpnet}ObeO. 3M or
up to 0.4M_ or up to 0.5M aor upt006M or up to 0.7M or up to 0.8M or
up to O. QWEWF‘WQGS%@MW&@FW%M salt solution may conprise any

conbi nati on of the comon cations, eg. Na+, K+, Al13+, 20 Ca2+, M2+,

NH4+, and common_gni ons, eg. d -, (O—I)-, (C®W)2-, (SHM)2-, (PA4)3-, (HC™) -,
( HSO%) - (HRO4) ,{‘(“H2P04) more specifically conprise Na2504, (NH4)2504,
Na2HPO4 NaCl~ Cl, and m)st specifically conprise Nadl. In further

rel at ed embodi néiits of the present invention the target virus may be
conbined with the high ionic concentration sol utl%?hg&glrlor to the

ul traff |t Paefcomn 13&?%1%@%% conceagraiIs el ipp & gmakdly o), il Aree yBdEnRihat of t he
pr esent e P he

P csonce o A G MK By B, RS R G, LB 3T PbHdRE shch &
strengt h NaChaht ewedcktieapthgs s@lal tccion@elat catcentnath, wtnlt mu(]li\&ﬂdnt amsup to 0.6M
or up to 0.7 or up to 0.8M or oM _or 1M .or to.1.1M or
up to 1. zmn%[lwta&nrgtq&gmmsﬁtrtﬂgﬂt@th aﬁmﬂ% (arpexta ol . IoRF SE%‘P& Bo%. 6M or
up to 1. 7Me232e}%9tr&!§tet @O?Mfoﬁ?ﬁtuﬁ@sﬂﬁt&f}@%l or up to 2M or up to 2.5M or
up to 3M or upto I\/? up to 4M or up to 4.5Mor up to 5Mwherein the

salt solution may conprise any conbi nation of the co n catjon eg. Na+,
K+, A#3+, Iicggtpin ngqdlmnmt@f R Bres YN éb?slon@g%tretgtm therpuiter tv%alal)@

(SH) 2-, i |f|caIIy
conpri se Na25é%vas? @Hk(?m{c@?%}o&&y\%}\%a Qéoolnz 18[;%58% Y EBS 8t 5048 17
NaCl or K&itweam@.5nost0 mpELj moegirtfgrabbnipativeen W&@)ZOImoldeamdaanenbodl ment s of
the current .invention th§ liye virus is then inactivated. Techni ques for

t he i nact PR OsFveenJe Vfrz‘gglét'are known by one skilled in the art. An
exenpl ary process step would be the treatnment of the viral conposition with
5 13-propiolactone in a concentration fromO0.1%to 0.01%for a period of up
to 24jzhoufs c@tttalﬁ%%odﬁﬁéﬂté ¢ tﬁ@ﬂﬁlehtl&{‘%eb%rt{‘@ml oMb RddRIMESS 6F fttfé' | oned
by a period of up to 2 hours above roomtenperature between 25 and 4

degr ees Cfolipivang naiedli viasselcanions)s dsR@NAhemrusesadypDINGY  fitusedr e dsROWA| fvmms,l on. In
certain enbodi nents of the current invention the resulting inactivated
viral solution 10 is then washed. Techni ques for washing viral solutions
are known by one skilled in the art. An exenplary process would be to wash
the viral supernatant once or twice, or three tinmes or four times or five
times or six tinmes or seven tirres or elght tlrres or n| ne tlrres or ten

T o e



15 the volune, five tinmes six tines the volune or seven tines the vol une,
or eight tines the volune or nine tinmes the volune, or ten tines the

vol ume, owoebenmamsti nes the vol une, or twelve tines thePChlaNIB10/005948hi rt een
times the volune, or fourteen tines tBBe volume, or fifteen tines the vol une

72 or uptDoo e Rr DTN Jrustl R BVl R byt Brle " 0715 1

20 or up f® cértdin QhbdimbRs of9%he AhveidiohOth8 @msuwllt Be LeWictch ﬁoﬁoﬂh%!tdr@& of
hi gh ionic strength achi eved using a salt concentration of up to 0.5M or

up to 0. 6mMongreggpirgles,0or7 Mreferablyp the riatelpyirgee igmily, Er QWPT%IPTQfﬁfab]d g or up
to 1.1M I’ssa ru%% Ii‘_us2 Mevgﬂ rn%Pe r%fe abg%h abllég sqegle% gx}l élth%p a w?ld%xj?%r or up

to 1.6M or upto
2.5M or umdiﬁbd%ible@mu@ oﬁr ﬁho'ﬁe §Mferﬁblyujértﬁ1@ tﬁMS dFrrabips tlms%tlﬁMsdﬁclucﬂlngO 25 5M
wherein the salt solution may conprise any conbi nati on of the conmmpn

cat| ons, &t nggdimited,to, ,R%J;ablwzws RRY2tebioRiATS 27d 38 HHRFEMRIID Adiceyrusq - |

( , (HS&)-, (HPOQM)2-, (H2POY) -
rmre speg@?%h%r Sglﬁc%an%?rflgetﬁﬁcé)zrﬁ%%b&% }% 2504, Na2HPO4, NaCl or KCl, and
nost specid rat@bd ymbodiprensef NaGurredOinvetent the miresrhegi "bmntesvcdbpet Yieusprres ent
invention the .viral solution is further purified using a chromatographic
process. *Teé’E,OnY'}Pt?ues for chromat ography are well known to those skilled in
the afg. IMe @ulﬂ@éttrhé?t’eé'r JF IRNARRNTRREN®RIn IR aGHS 80 barkiBYI8Pld GRusb SuiMbIAl
solution resulting fromthe virus inactivation process is further purified
by means &ir giropagetiasl usitlo nconi@@e1 2£10 15384 POT/ N1/ 07584 8pdldmyelitis,

chr omat ogr aph si ze exclusion chro Q hy nol ecul es are separat ed
accor di ngil ‘ﬁ %Pazgéc fyesy ?P@BGSS;‘%VS@ tltgﬁlr@% iy Sftypor ous medi um esgem ally
an inert gab soReicdMiruwhd Eikstipsopizee iakl Bost cEI0MAOSiHcEiRfhe EABEnd ket

pol ysaccharl des, e.g., cross-linked agarose and 5 dextran in the form of
spheri cal dpveds rombprauimasy sollr Hees. ehawlaith el akigpest hpisrapdoifl reellnbines @l en gel
beads do el beads and therefore nove through the

chr oma g?g%n%%ﬁe&f Pgestgest Smal | er nol ecul es, which ent gr t he gel beads
t o varyi ngn extamniempeperaingl e ifiveation SheZpreﬁem&deeHﬂme woed etacaeduous t hei r

passage thr gh the bed. Ml ecul es are thus general ly eluted in the order
of decr ea&f! Enw“élmogﬁmngeﬂ\hn?@%aeysbe setpctrdclErra b ot H@iltrsg faroge osihse,
general | yy cgo%ﬁ‘ bdl) fill8; PER%G’Q{}H”?H’“B@H@@H@)“@ HaRaNgex mpuri ti es,
including but not [imte the resid ?ragments fromthe ceII
substr at eTeMwsraﬂot ghe ankiclaore oﬁeme apprbyrlatc appetnavforhitie phepapatraes obfa t he

i nert dium The. convec iive fluid erties are determ ned by the
bead $ zepa@ﬁﬁllafgfusoaéﬁﬁg Ihaqun R oRg ﬂﬂ@%ﬁ%tgggﬁre to attain equival eﬁt fl ow

in a col ums PAYBRBRY that A6 BAUnkitRrd sURtindSuLESIONR Al HBRAGEYaUIS tHAPthe
determ ned by the bead size. Therefore, the static capacity and the flow

proper t i esowte phehenmtaradadodls riginatst frn@ceeg@mmalymosidm from 4 primattepwindent .
However, BEcAURe aW'ﬁSt nQhad ik aCAn)éxlnsl R G g Lhrough (di LLyst on,. the
dynam c bi o ngycap ]fl I%(P apaci'ty i %? oWt rough no it given flow
rate) is pmppg@d)ntdftmd@m&aﬁe§mz@ gt Vdrecei.ore to the convective flow
properties of the adsorbent. 20 As the beads are porous and the sel ected
mol ecéle PEYBBSERI vHeHPRdEetion Meerse knowp 11y the aﬁowélschdsfanths@dm@ad & lape
captured, i ted.
Thore. ar e FIs-APRRAANERRBN tohiflols WUTHSL BN S0 HLEHN SR8 v, o
filmof mbtaearsedltongynefany m aings infbiétéd thosovdhentturef The @ﬁl edtued isobemul e to
the surface .of the bead and a ses |nt er di ffusi onal resistance which
5 dot er mIHEERtE) (@ RAPOSI-Fdoctsg H%lﬁg YT g‘ﬁg‘flﬁlso‘f‘ep IFFRIOBOYSET CORAHERRS n t he
bead surf aggwn Addht iseitRk iy ’thé E!ﬁ Bea[sn@axﬁéphhﬁ% fPiTe a%%nﬁ%@'hﬁrdc%llﬁl%‘ aled to
bead size (which can vary wdely) as well|l as the nedia stability. Larger
beads 3and chieadBubai vinud) dorgbe ppofiegion @mﬂhctdoldga\né thd gt pmemmabl INI¢thodsBeads
that are n ect to or le ject t t he vvelgt of

e pands SE D BT e et Suaminatt B et Rl hmb ERELERN G L1 e P ( Poue

through R6retm ReehtiradySprovRIBS atrevibRWE @l Qaltbic BEMIRRRBIthdttiay boWRpesd at
high flow rates, perneability does decrease and dynam c capacity al so

decr eases fron virus tpWéﬂ%ﬂmchﬁlltWétllquth@eg@b@ﬂrﬁé@ eptymizectreslyistd. hi ghl y porous, so
t hat ther |et t hi |t to
provi de t%é{eitag]ugp 5]Iate Pl{negr lﬁﬁgﬁl i gh S’ééfggtl% Cgﬂg%%@lr%pq Ca% Olf-)ead Si zes

may vary from about 100 to about 300 m crons, or
2012/ 019354PCT/ CN2010/ 075948 19



fromabout 50 to 150 m crons, or from about 20 to about 80 mi crons or from
about 10 to 40 m crons, depending upon the fluid and the constituent that

i s desirensotoiaozsapt ured fromit. For exanple, in an appli@adiomsds
capture a desired DNA froma conpositi4on of virus particles in a buffer
solution, the pores of the bstrate should be sufficiently |large 5 enough
To al | ow 304 erRRanmeresedpy Richiiarrs hvut oS Ber Vil dbe i ny BUkGF e

medi a. ThemBudihRhtsSOk WihBMNs Usledted aftbelyghiBicog 8 ARheRYI duReRPKitES a
standard PBS solution with a pH between about 5 and 9, preferably a pH

bet ween abbtmics, awglegscant oftisy ecquieiant igeyt. bdnvtber apbedinenigndhegyirgns

embodi ment o NGB SRERLLL WUANLIGR LELEN, (6L BUESof fiel AROLAGIALIAM Of an
10 addi ti 6Ral Stream clarification procéss t at %1 né1 Gdes one "or ‘nore of
the f okl ovhiyheslyenad hatually dugiag civakihg replidatioaiptoesss. f ilh k¢lakd @mbodiments
ultrafiltration or chromatography to as a final opportunity to renove any
remai ni ng thenpthsiheke haxﬁe%s%gffﬁma}%? colt selays SURRINHHONCHOTTIMACs gF thEse FF ¢ he
viral sol g .08 #i8i p9hdte tHahttRle tMhdsh pore size less than 0.25 microns, or

| ess than 0.50 microns, or less than 0.75 microns, or les than 1.0 nicrons.
15 The pr dcessas afbodieeps @ el prase@ninyentionr the stglsalbee th ramdsathebemsh scal e
cell cultures,up to c rcial scal e manufacturing. The _.present .i nvention
Chus 1 6l a9 PatR G BRIgee 6 P TR SRR Rabron 15t o o hEEdl whsfiguct | on
of conper ¢i &ldntr ChAdBLEnAIPHNHS Qfrchi BREMiRUL] EhcMb," eh ay\y@l@fl’e?getnﬂe afc€r m

"l arge scal e" used herein is considered to be total host cell culfure

vol umes ofisagr teatreeipitdia thcabdidt tha0may ifaahigteuthe romaad wf th; DOOA friomesodytioni t h
20preferred tbatchg]%utant' ties fIromt%b ut 1Qt? | i te%rs tt@ about .800 liters.
Techni queS° 8" HEaSlir 85 hé Posi Al T PRI O B FUFT B AP ST ORI known

to those gkirhicgd dré vsbe t@rdegraﬁbeth@r[ﬁﬁﬁrth@l@bil aehivittiencusied dfsthé MENROto- bl ot
Hybri di zation Test as specified in the Chi nese Pharnacopei a 2010. Mt hods

to test tHotighe thgaivkodHicanbeipgfagmaninofPMN cihayregsin ¢ fyngtiopdigene| es are al so
wel | o] e-ski i.n:the. - The pr . S sure
ant i ggg \é\ng%l% gﬁ#ﬂgﬁdh?%r!ﬁ%%efﬁ%é%ang%%%F\%)TI% g@erELﬁgi&%ﬁ% kﬂeE{err%%rﬁ%s (ani mal
in vivo tests,nehe washecchiutny cofaink ad¢renit oureantaluneside rehdtifhi fieae the

Phar macopei a ﬁglo, It will be evi d?qgt to tgrg artisan that the neasure of
the resi ddNUREYIINgProcepiva I speak the anpgnteagmduescongistsiticetdebis 8hd Wef i ni ng

feature OEatttila%ll%r FRINAAINAD K at i, TEdoRR s otf*ﬂﬁél%icda%ﬁoﬁfr{nﬂ tR0cd fkglgﬁm&p' s support

i\
the essence of the present 1 nvention: a large-scale netho ogy for the

gener at i or\fef huivestmgpthetbuleresolotheat congsuhg shd vires thaygmdergrueladifiediops thatuct

t hat y be utilized in clinical and rcial settings. It .c . hot ed
that Oho Fnpbt PHHEE RPCLsEHFRVOAG™PEY £4 COER SER s B (s PRRdRipr oduct
i's productragipigstidn Frocdds pbvidsOMUSTERtiPE QAW CEShouatdIY BO4Hs! BHBYS cBiElbbrs nes
for parenteral use in humans will require the nost WO

2012/ 01935u8pciicdNRCho Lo 0 aduidan. shmyi sugbralarginatioy apprapchamgbiding filtedien, i n

that case, .th al s vary from 10 per..dose up to.10 n e ose
(V0 Requi SRBIEBp o Pt Blabrish At e kel iRyt o i PEntr o

t he Produelatignwilf bdEadebmgible @ praBecuivitieinens srefcak ilBemi@Qi cal Subst ances No.
50), WHO Techni cal Report Series, No. 878, 19981; or higher, and are |ikely
to be25adfnswcaodipar af Ay WHCRHaViea Yo kes; theifiketion @f thepbudigacontaining or

Vi rus- bas : I i Y ver :

o dor o- of et gicies HTonETe YAREOS b ARk NI B e B o S Bt

achi evi ngimtiepadidrisoluties] dliadhnioNés fevigltatite bbéwiras garticies raps twedlpploweato ons,
variations aroynd.that leyel fromlot-to-lot are not lLikely.to be
consequenPP@pk vagvhgmrb?%ie A8 dHraivRrocsss Wil raeﬁgml_%% it Rt Of ¥ r abi es
preparati be%gﬂtfateté% REEBEN 1eMYSRtd @R sHRE tRNHIITUARASN) Bk tdaiffd. 9T ARt er
than 2.5 U dose and preferably greater than 3.5 1 U dose, while having a
resi ddal poderalefiltrabhid dpgve|wiltopitiesst theebaandearety ennenperngltheeynvonted

preferably less than 1 .per . dose.. The above di scl osure. gener al.l

fescr1 bes e prubf: “PHe BiRGREn Gy vgehe Ruahbrodne atigdRRsy o
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



15 will be better understood by referring to the foll ow ng exanpl es of
enbodyi ng the process for the purification of viruses. These exanples are
descri bedweabeloaofser t he purposes of illustrating and areTmoRoiovireded to
limt the scope of the invention. Charges in form and substitution of

eqU|vaIents re.co | at S cirgunstance su t or r.ender
e ot eoPRGE MR A Boferts TR B afe Ty s BRETy o huiBhoTas ¢ or e
are i nt engdgflcishispré@abld Pitl MR ré@id. ARCxR h csda@s RYLROSEROvol dtaad at i on.
Exanpl e Dgtefﬁlgg¥lon of the ée5|dual ﬁ%oﬁ?@ﬁt Bef ore andeAfFerg@

Puri fi cat firtrariphe viral soytipnpysiceSest wsttiehle filegithgnpare @tiﬁd@ﬁﬂ@satth@n
Buf f er T@ I%lc%&%n&l otzlgis;{gl%t g (]I% V\E §1h ﬁotrlgs%lt éﬁa& %ro%gncgre&tt 1€ss tl‘?a rabi es

virus solutionis’no puriftication process does not

i ncl ude waghmitgodsher Hotrlgss thamPSSintdrens, i hdsr lasshihgi 4100mi oo tisa tth4mn
buffer. The CIN rabies virus was cultured in Vero cells with the Live

rabi es vi PosMIFAPRPE IO lgsp dhan hR naigrosp heloyyrd by Bltrafjpp plygueh 8 suiggbla fipgrc) ease.
The viral fﬁelp&‘z'i fa}}@&fet F]%Sle&' fhsh 0 Aidbhedr 1 Qs rtfr‘aﬂp?/ ggdn‘él{ﬁ-'le Ans

suspensi on, I'Tve rabies vifus partic wer e
concentrah&dnnp to 50 tines the original concentration by uItraflltration,

washed in,a | ow salt conce tration buffer before bein hem cal
i nacti vat SYCHATHE ddmagﬁs the Gt RSN e ¥ival SoRtS RRt B GURE e AFaYoNA
Were ngas H{eﬁ%e%nééﬂtﬁteﬁmyniny%'er&ﬁa%%ﬂﬁ@&ﬂpﬂ'o@@s"s@s ﬁ%vﬂﬁt%'tﬁ@s@ skllichihg tifehi nese

Phar macopei a 2010 (see tablé 1 below). The viral solution was then subject
to size exrdl iosicxamphpbradoaoaph diafdirattpnsme thaNike2012/ 019354PCT/ CN2010/ 075948
en, cont ent .and he ured at

21 Seph d
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concentral b%rr]nevsvaosrhérre]a eI! trlllar} 4(])' Aﬁn?es 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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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. Na+, K+,
Al3+, Ca2+, Mg2+, NH4+,and common anions, ¢g. Cl-, (OH)-, (CO3)2-, (S04)2-,
(PO4)3-, (HCO3)-, (HSOA4)-, (HPO4)2-, (H2PO4)-, more specifically comprise Na2S04,
5 (NH4)2S04, Na2HPO4, NaCl or KCl, and most specifically comprise NaCl.
In related embodiments of the current invention the viral solution is then washed further
in a low salt buffer. 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
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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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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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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The viral composition was then filtered before a final assessment of the antigen content

and residual DNA were measured at this point using standard tests as defined in the

5  Chinese Pharmacopeia 2010 (see table 1 below).
The above procedure was repeated three times with different batches of the rabies virus.

Table 1: Antigen and DNA Content of Rabies Virus

Process Stage Batch Antigen IU/ml DNA pg/ml
After concentration washing in 1 14.8 500 - 1,000
high salt and low salt buffers 2 18.5 100 -500
and inactivation of the live 3 18.0 1,000 — 10,000
rabies virus
After size exclusion 1 13.6 500 - 1,000
chromatography 2 14.5 100 -500
3 14.3 1,000 - 10,000
After final filtration 1 134 500 - 1,000
2 14.5 100 - 500
3 14.1 1,000 — 10,000

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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A 300pg | 200-300pg | 300-500pg 15.1 141 134
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exclusion

C 10-50pg 10-50pg 10-50pg 14.2 142 125
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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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Example 3 — New Process With High Ionic Concentration Buffer in Large Scale
5  This example illustrates how the residual 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




16.9 50 - 100 3 14.5 10 - 50 WD 2012/019354PCT/ CN2010/ 075948 24 | U -
International Units A rabies virus conposition with an antigen content of
13 11U m wibl2b12ma9zsupect ed t o have an i mrunogeni ¢ pot encPCrCNesmass948f 6
U . Hence for all three of the abode 5 sanples a vacci ne dose of 0.6nl
or 1.0mL dtose W | ave an i mmunogeni ¢ potency greater than the

WHQ' Chi ne Igi’mg?lﬁﬂ% "BSstandard of 2.51U dose, deened to be the nini mum
requi red potency needed for human use. Concl usion: the conbi ned processes
of washing the viral supernatant in a high ionic concentration buffer

fol | oned Byrabicy sirgxednupaissionchitloamempen shyicatrefatUdal Wil beerneed 1@hevee
concentratjq resi dual ile fec t he
|mmnogen%fclz|?1 %gghm@%?ﬁ%g ﬁl\%ae g rog[t;%qe%% rugﬁ%%er ?| c{ﬁs?ﬂ%e %tﬁe Wb

2012/ 0493 54M61E4 ENAELIRY B0 MAR) 61Dl MBDmI peerlc%b el hase an hnnﬁnﬁ@ditoﬁot%@dy t he
renoval of DNA inpurities fromyviral nposi tions, hod conpr.i si ng

the steps gfﬁater él}anﬁaié \Y\@é@(%n%ﬁé’h@mwpwmnfi?fé A ﬁIUéciHS? Lﬁe@n@éﬁ%bm%m
wi t hout t of uﬂe@gm C@,:I%ed&pfok%@q%gye b) conbining the virus with

solution t at as rengt etween 0.5 nol/L and 3.0 nol/L
fol | owed lﬁ}pncl)lsmnz‘éleesomtmmdoprocdrssesnmﬁ wogshaphyhe vigal sApasmaﬂamdmf mthlghhmnroermval

of DNA inpurities fr nposi ti.ons he mnet hod e steps
of ) habueiriipn ey P S ed BRRER e xeBrph e e e ARARAR DIEHETE ¢ he
use ofipa HCl8RSBrafi |AWBH M) re GO D',\UQ W Viof UaQiVWSEl §Ff€éﬁt go'fhet hat
has an ionic strength of between 0.8 nol/L and 2.0 nol/L fol

si ze excl immgnogsratyst dlagr iapdiated3abigs yususwdtiadés. ei t her clai m 1 or 2 wher ein
the virus belongs to the order nononegaviral es.



4. A nmethod of either claiml or 2 wherein the virus is a rabies virus.
A nethod of either claiml1l or 2 wherein the virus is an envel ope virus.

cell culture is a continuous cell 1ims. 7. A nmethod of either claim1 or
wherein the virus is a rabies virus and the cell

culture is a Vero cell.

5.
6.
A net hod wb 2eizde’s4sclaim 1l or 2 wherein the virus is a prabi@eowia7ssand t he

8. A nethod of either claiml1l or 2 wherein the virus is a rabies virus and

the cell

&h 4tUE laiiiedisvero cell and the harvested rabies virus is

deactivated using between 0.1% and 0.01% I 3- propi ol act one.

1. A method for the removal of DNA impurities from viral compositions, the
method comprising the steps of: a) harvesting the virus from the cell culture
supernatant without the use of a nuclease, followed by b) combining the virus
with solution that has an ionic strength of between 0.5 mol/L and 3.0 mol/L

followed by c¢) size exclusion chromatography.

2. A method for the removal of DNA impurities from viral compositions, the
method comprising the steps of: a) harvesting the virus from the cell culture
supernatant without the use of a nuclease, followed by b) combining the virus
with solution that has an ionic strength of between 0.8 mol/L and 2.0 mol/L

followed by c¢) size exclusion chromatography.

3. A method of either claim 1 or 2 wherein the virus belongs to the order

mononegavirales.

4. A method of either claim 1 or 2 wherein the virus is a rabies virus.

5. Amethod of either claim 1 or 2 wherein the virus is an envelope virus.

6. A method of either claim 1 or 2 wherein the virus is a rabies virus and the

cell culture 1s a continuous cell line.

7. A method of either claim 1 or 2 wherein the virus is a rabies virus and the

cell culture 1s a Vero cell.

8. A method of either claim 1 or 2 wherein the virus is a rabies virus and the
cell culture is a Vero cell and the harvested rabies virus is deactivated using

between 0.1% and 0.01% B-propiolactone.
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